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Foreword

Welcome to the fourteenth annual National Educational Computing Conference—NECC 93! As the
theme of NECC ’93 is The Magic of Technology, we can think of no more appropriate gathering site than
Orlando, Florida, one of the most magical of all destinations. We want to take this opportunity to welcome
each and every one of you to the conference. Many of you have come greatdistances to be here, and we hope
you will find NECC *93 to be as enjoyable a time as it is informative.

The theme of this conference refers to the enabling capabilities of computers and related technolo-
gies. NECC 93 celebrates your ability and willingness to embrace technology in all of the forms it may take
and to apply it to the most wondrous and magical of all endeavors—education. The wonders you will
encounter here at NECC ’93 range from the familiar to the unfamiliar.

The Proceedings are designed to serve as your guide to the myriad of sessions and presentations
offered at NECC ’93. While it is not possible to attend all of them, the Proceedings offer short abstracts of
the Poster, Project, Society, and Spotlight sessions. In addition, all of the papers presented at this conference
are printed in their entirety. Itis our hope that you will use these Proceedings even after NECC *93 is over,
perhaps to recall an interesting session you attended, to gain more information about a particular strategy or
concept that interests you, or to contact a presenter. We are particularly excited to offer these Proceedings
for the first time in three formats: paper, diskette, and CD-ROM. Whichever form you are using, we hope
you will find it beneficial and “user friendly.”

This conference didn’t happen by magic. Many, many people have dedicated many, many hours to
making this a very special event for you: the Conference and Program Committees and subcommittees; the
NECA Board and Committee; the NECC staff at ISTE and at the University of Central Florida; the UCF
College of Education faculty and staff; the instructional technology supporters at the Florida Department of
Education and the Florida Board of Regents; and the many administrators, faculty and staff members at UCF
and area schools who supported this conference in many ways.

Thanks to Paul Katz and his able assistants for organizing the exhibits and security. Many exhibitors
have provided sponsorship of this conference through equipment, software, expertise and technical support,
and dollars.

A special word of appreciation to each of the presenters, presiders, workshop leaders, and volunteers
who gave of their time and knowledge. Finally, our heartfelt appreciation to our families who have had so
little of our time for so long.

During NECC ’93 and after, we invite you not only to celebrate the magic of technology, but to
believe in it, and to make it happen for students!

Donna J. Baumbach William Bozeman

NECC ’'93 Conference Chair NECC '93 Program Chair
University of Central Florida University of Central Florida
Orlando, FL Orlando, FL
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ACH—Association for Computers and the Humanities

The Association for Computers and the Humanities (ACH) is an international organization devoted to encouraging the
development and use of computing techniques in humanities research and education. Traditionally, ACH has fostered computer-
aided research in literature and language, history, philosophy, anthropology, and related social sciences as well as computer use
in the creation and study of art, music, and dance. As computing applications in the humanities have developed and broadened
in the 1980s, the Association has expanded it scope to include areas from word processing to computer-assisted instruction in
composition, language, history, philosophy, and anthropology, as well as computational linguistics and cognitive science, which
overlap increasingly with work in the area of humanities computing.

Founded in 1977, ACH is the primary professional society for humanists who are involved or interested in any aspect of
humanities computing. The Association provides a forum for continuing communication about humanities computing and strives
to meet the needs of those who want to gain familiarity with both existing and potential applications of computers in humanities
disciplines.

The heart of ACH is its quarterly newsletter, which covers the activities of the Association and its members and includes
articles on various areas within humanities computing, news of projects and conferences of interest to ACH members, and reports
on activities of governmental agencies and other organizations that affect computer-aided humanities research.

Computers and the Humanities, published by Paradigm Press, is a quarterly journal devoted to scholarship in the field of
humanities computing. Subscription to CHum is included in the ACH membership fee.

ACH sponsors the biannual International Conference on Computers and the Humanities (ICCH), held in odd-numbered years,
which brings together scholars from around the word to report on research activities and software and hardware developments
in the field. Recently, ACH began to sponsor conferences and workshops on specialized topics in humanities computing, held in
even-numbered years.

SIGCAS—ACM Special Interest Group on Computers and Society

SIGCAS is the Association for Computing Machinery’s Special Interest Group on Computers and Society. With a
membership of nearly 1,200, this professional group seeks to identify social issues raised by computer technology and to provide
a forum for discussion on how to approach these issues.

SIGCAS publishes a quarterly newsletter, Computers and Society, which is a primary source of material on this topic. Asa
vehicle of communication for the SIGCAS membership, it includes news, comments, and articles on any societal issues raised
by computing technology. One of the few periodicals on this subject, it provides aflexible and timely forum forimportant, evolving
topics, such as data quality, employment, and intellectual property rights.

According to a recent membership survey, about 40% of SIGCAS members teach course material on computers and society.
In recent years SIGCAS has organized sessions at computer conferences on topics such as computer ethics and organizational
impacts of computers.

Contact: Ron Anderson, 663 Bushaway Road, Wayzata, MN 55391

(612) 624-9554

SIGCSE—ACM Special Interest Group on Computer Science Education

SIGCSE became a special interest group of ACM in 1970. It currently consists of over 2000 members from the educational,
industrial, and governmental communities interested in various aspects of computer science education. SIGCSE has goals of
encouraging and assisting in the development of effective academic programs and courses in computer science and promoting
research in computer science education.

The following are objectives of SIGCSE:

1. To provide a continuing forum for discussion of common problems among education and other computer scientists

through organized meetings and symposia.
2. To publishabulletin at least quarterly containing information aimed specifically at those interested in computer science

education.
3. To work closely with the Education Board of ACM to insure implementation of effective education programs by the
Association.
Contact: Harriet Taylor, Computer Science Department, Louisiana State University, Baton Rouge, LA 70803-4020
(504) 388-1495
iv National Educational Computing Conference 1993




SIGCUE—ACM Special Interest Group on Computer Uses in Education

SIGCUE provides a forum for the discussion of ideas, methods, and policies related to all aspects of computers in the
educational process. Established in 1969 its membership (over 1,400 persons) comes from many countries and numerous, diverse
institutions and businesses.

SIGCUE publishes anewsletter titled the SIGCUE Outlook. Recent topics have included Preservice Education in Educational
Computing, International Reports on Educational Computing, and a Teacher Training Curriculum Project. SIGCUE also sponsors
and organizes technical sessions at ACM annual meetings, the National Educational Computing Conference, and other national
and regional meetings of interest to its members.

Among SIGCUE’s goals are (1) helping to bring the technical expertise within ACM to bear upon educational compting
generally, (2) cooperating with other special interest groups or educational societies to promote attention to educational computing
issues, and (3) providing written and verbal forums for members and the educational community to exchange ideas concerning
computer uses in education.

Contact:  John Lawson, 1199 N. Terry, Sp 328, Eugene, OR 97402

(503) 688-6802

SIGUCCS—ACM Special Interest Group on University and College Computing Services

SIGUCCS provides a forum for those involved in providing computing services on acollege or university campus. The topics
addressed by SIGUCCS include managing campus computing, computing as it relates to the overall goals of the institution, and
the state-of-the-art in various types of college and university computing services, and provides opportunities to discuss and share
ideas and experiences with others.

Two annual conferences are regular activities of SIGUCCS. The Computing Center Management Symposium addresses the
many aspects of managing computing on campus. This includes hardware, software, planning, finances, and personnel, to name
few. The User Services Conference deals more directly with the delivery of particular services to the higher education community.
Tutorials on relevant issues are held at both conferences.

In other projects, SIGUCCS offers a Peer Review of the university computing function. Upon request of the computer center
director, members of SIGUCCS will formally analyze and comment on different areas of the campus computing function.
SIGUCCS also publishes a quarterly newsletter. We consider the newsletter our most important form of communication as it
reaches all members and is subscribed to by numerous university computing centers. Conference proceedings are published either
as separate documents or as part of the newsletter itself.

Comtact:  James Kerlin, 229 Computer Building, Pennsylvania State University, University Park, PA 16802

(814) 863-0425

AECT-The Association for Educational Communications and Technology

The Association for Educational Communications and Technology (AECT) is an international professional association
dedicated to the improvement of instruction at all levels through the appropate use of instructional technology. Founded in 1923,
AECT has eveloved as an organization as the technology used in education has eveloved, from the early use of traditional
audiovisual media to today’s interactive and multimedia technology platforms. AECT members can be found atall levels of public
and private education, from elementary schools to colleges and universities, as well as in the corporate and government sectors.

Organizationally, AECT has nine special interest devisions, eight chapters, forty-six state affiliate organizations, and fourteen
national and intemational affiliate organizations. With over 5000 members, AECT is the largest intenational association for
professionals involved in the integration of instructional technology to the learing process. AECT is the United States
representative to the International Council for Educational Media.

Tech Trends, in its 37th year of publication, is the Association’s professional periodical. Published during the school year,
Tech Trends features authoritative, practical articles about technology and its integration into the learning environment.
Educational Technology Research and Development, the Association’s research quarterly in its 40th year of publication, is the
only refereed journal focusing entirely on research and instructional development in the rapidly changing field of educational
technology.

AECT also publishes reference books on a variety of topics, including practical applications of technology, research,
copyright, and standards and guidelines for the field of special interest to insructional technologists.

The AECT national convention and exposition is held each year in January or February, drawing over 12,000 participants
and exhibitors. Additionally, AECT sponsors an annual professional development seminar focusing on emerging technologies
and a leadership development conference for leaders within AECT and its affiliates.

Contact: Stanley Zenor, 1025 Vermont Avenue, NW, Suite 820, Washington, DC 20005

(202) 347-7834
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ASCUE—The Association of Small Computer Users in Education
The Association of Small Computer Users in Education (ASCUE) is a group of small colleges who work toward continued
quality computer education and computer assistance in both administrative and academic areas. The purposes of the organization
are: 1) to encourage appropriate uses of computing equipment and techniques for the improvement of its member institutions; 2)
to supply its members with information on the most current computing metheds; 3) to assist them in solving individual problems;
4) to cooperate with them in the utilization of the various small computers; 5) to cooperate with manufacturers, distributors, and
suppliers in establishing and maintaining proper technical standards and in meeting new needs for special devices and systems.
Contact: Wally Roth, Computing & System Sciences Dept., Taylor University, 500 W. Reade Ave.
Upland, IN 46989-1001
(317) 998-5269

CCSC-Consortium for Computing in Small Colleges

CCSC is a not-for—profit organization focused on promoting effective use of computing in smaller institutions of higher
education which are typically non-research in orientation. It supports activities which assist faculty in such institutions to make
appropriate judgments concerning computing resources and educational applications of computer technology.

Because departments in smaller colleges and universities are usually small and not highly specialized, the Consortium
encourages the sharing of expertise, effective curriculum patterns, and efficient technological applications.

The Consortium is concerned with the advancement of major programs in both computer science and computer information
systems, and with the use of computers in the liberal arts and sciences.

The Journal of Computing in Small Colleges is distributed to faculty in more than 200 colleges across the country. Now in
its sixth volume, its five annual issues are averaging 500 pages with articles addressing the broad spectrum of curriculum and
computer use in higher education.

Contact: Gail Miles, Lenoir-Rhyne College, Box 7482, Hickory, NC 28603

(704) 328-7268

ECMI—Educational Computing in Minority Institutions
ECMI s an organization run by a steering committee representing institutions whose student body reflectsa large identifiable

minority population. The objectives of ECMI are:

1. Computer literary: To create among the faculty and administrators of the minority institutions an awareness and understand-
ing of the strengths and weaknesses, uses and issues, advantages and disadvantages, feasibility, practicability and limitations
of computer applications in all aspects of society, including education.

2. Educational Computing: To narrow the gap which exists between the faculties in minority and non-minority institutions with
respect to educational computing know-how and access.

3.  Research Computing: To improve the computing facilities available to faculty of minority institutions for research purposes,
particularly in those institutions offering graduate programs.

4. Technical assistance—consultants: To provide expert and impartial technical assistance to academic administrators of
minority institutions on all phases of academic computing (Instruction and research).

5. Education programs in the computer sciences: To improve the offerings of courses and degree programs in the computer
sciences at minority institutions at all levels (e.g., introductory courses, minors, 2-year degree programs, 4-year degree
programs, continuing education, graduate programs).

6. Computing facilities: To improve both quality and quantity of computing facilities available in minority institutions, because
experience in the non-minority institutions has shown that an adequately staffed and equipped computer center for academic
computing is essential to the success of previously stated objectives.

7. Direct student assistance: To increase the availability of minority staff for the computer centers and computer science
education programs of minority institutions.

8. The need foracomprehensive program: To facilitate co-ordination and equitable distribution of funded activities to qualified
institutions, associations, etc.

Contact:  Jesse C. Lewis, Academic Affairs, Norfolk State University, Norfolk, VA 23504
(804) 683-8408

EDUCOM
EDUCOM is a nonprofit consortium of colleges, universities, and other institutions founded in 1964 to facilitate the

introduction, use, and management of information technology. Through direct services and cooperative efforts, EDUCOM assists

vi National Educational Computing Conference 1993
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its members and provides leadership to the higher education community.

EDUCOM is funded by membership dues, service fees, and grants from foundations, corporations, and government.
EDUCOM activities involve over 530 institutions and 90 corporations in the U.S. and abroad. In brief, they are: EDUCOM General
Membership; the EDUCOM Consulting Group; EDUCOM Networking Activities including the Networking and Telecommu-
nications Task Force (NTTF) and BITNIC, the BITNET Network Information Center; the EDUCOM Software Initiative; and the

Corporate Associates Program.
Contact: Steven Gilbert, EDUCOM, 1112 16th Street, NW, Suite 600, Washington, DC 20036
(202) 872-4200

IEEE—The IEEE Computer Society

The Computer Society is the world’s largest association of computing professionals, with a total membership of approxi-
mately 110,000 computer scientists, computer engineers, and interested professionals. Society membership is open to IEEE
members, associate members, and student members and to non-IEEE members who qualify for affiliate membership. An affiliate
member is a person who has achieved status in his or her chosen field of specialization and whose interests focus in the computing
field.

Every Computer Society member receives Computer, a peer-reviewed monthly magazine of general interest to computing
professionals which also covers society news and events. Five specialized magazines and five journals are also available to society
members as optional subscriptions and to nonmembers, libraries, and organizations.

Magazines published by the Computer Society include /[EEE Computer Graphics and Applications, IEEE Micro, IEEE Design
andTest, IEEE Software, and IEEE Expert. Research-oriented journals include /EEE Transactions on Computers, IEEE Transactions
on Software Engineering, IEEE Transactions on Pattern Analysis and Machine Intelligence, IEEE Transactions on Knowledge and
Database Engineering, and IEEE Transactionson Parallel Distributed Systems. The Computer Society Press publishes nonperiodical
literature, including tutorial texts and conference records. The society’s catalog contains approximately 900 titles which are available
for purchase.

The society sponsors or cosponsors more than 100 conferences and meetings ranging from workshops and symposia with a few
dozen participants to major conferences with many thousands of attendees. Over 30 technical committees offer the opportunity to
interact with peers in technical specialty areas, receive newsletters, and conduct conferences and tutorials.

The Computer Society has over 100 local chapters throughout the world, and an additional 100-plus student chapters which
provide the opportunity to interact with local colleagues and hear experts discuss technical issues. In addition, tutorials, educational
activities, accreditation of computer science and engineering academic programs, the development of standards, and an international
electronic mail network all play prominent roles in the society’s activities.

Contact: Mike Mulder, Center for Advanced Computing Studies, University of Southwestern Louisiana, P.O. Box 44330

Lafayette, LA 70504
(318)231-6147

ISTE—International Society for Technology in Education

The International Society for Technology in Education, ISTE, is the merged society of the International Council for
Computers in Education and the International Association for Computing in Education. ISTE is a non-profit educational
organization, with 12,000 individual members and over 60 organization and associate members.

ISTE publishes The Computing Teacher, Journal of Research on Computing in Education, CAELL Digest, Microsoft Works
in Education, IRM Quarterly, and books and courseware for persons interested in the instructional use of computers at the
precollege level. These publications emphasize teaching about computers, teaching using computers, teacher education, and the
impact of computers on curriculum.

ISTE has a substantial and growing professional outreach program. Five major components currently include:

1. Organization Affiliate Members. Members publish newsletters and/or journals, hold conferences, and directly interact

with their own members.

2. Professional Staff. ISTE has a professional staff who write, edit, participate in conferences, process orders, consult by

phone or mail, etc. The Computing Teacher is put together by a full in-house production staff.

3. Ad Hoc Committees. Such a committee created the “ICCE Policy Statement on Software Copyright” and “Code of

Ethical Conduct for Computer Using Teachers.”

4. Special Interest Groups. ISTE has organized special interest groups for computer coordinators, teachers of educators,

computer science educators, Logo-using educators, telecommunications, and hypermedia/multimedia.

5. Independent Study courses. ISTE offers eleven independent study coursescarrying graduate credit from the Oregon State

System of Higher Education.
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6. Private Sector Council. The Council represents a broad range of corporations and services in an advisory capacity to
ISTE’s Board of Directors.
Contact: Sally Sloan, Department of Math/Statistics, Gildemeister 322, Winona State University, Winona, MN 55987
(507) 457-5877

ISTE's SIGTC—The Special interest Group for Technology Coordinators

The Special Interest Group for Technology Coordinators (SIGTC) is a professional organization that helps technology
coordinators meet the challenges of a rapidly changing field. We provide an excellent forum to identify problems and solutions,
and share information on issues facing technology coordinators at the precollege level.

SIGTC publishes SIGTC Connections,aquarterly publication, through the International Society for Technology in Education
(ISTE). Articles in SIGTC Connections contains helpful information and answers to questions such as:

*  Who's doing what to organize and communicate with teachers and administrators?
What committees and techniques work best for other coordinators?
How can technology coordinators enlist the support of school site administrators?
How do others disseminate information?
What are some successful models for providing staff development?
How should buildings and districts establish and evaluate the use of educational technology in their programs?

SIGTC organizes a NECC workshop for technology coordinators each year and holds its annual business meeting at NECC.
Contact:  Bonnie Marks, Alameda County Office of Education, 313 W. Winton, Hayward, CA 94544
(510) 6704162

SCS—The Society for Computer Simulation

SCS isthe only technical society devoted primarily to the advancement of simulation and allied technology. Ithasa worldwide
membership and a network of regional councils that covers the United States, Canada, and the United Kingdom.

Simulation is used in every scientific and technical discipline including engineering, manufacturing, biomedical, business,
and aerospace. Artificial intelligence, robotics, and CAD/ACM and simulators are areas that have been specifically recognized
as important to SCS members.

There are three major SCS conferences each year. They are the SCS Western Multiconference, the SCS Eastern
Multiconference, and the Summer Computer Simulation Conference (SCSC).

Contact:  Nancy Roberts, Lesley College, Graduate School of Education, 29 Everett Street

Cambridge, MA 02138-2790
(617) 349-8419

CAUSE

CAUSE is the association for managing and using information technology in higher education, with a focus on enhancing
the administration and delivery of higher education through the effective management and use of information technology.
Through its programs and services, CAUSE serves over 2,800 memebers on m ore than 1,060 college and university campuses
around the world.

CAUSE member services include:

1. Professional Development-through the annual conference, seminars, the CAUSE Management Institute, workshops,
constituent groups, and recognition programs, including the CAUSE ELITE (Exemplary Leadership and Information Technology
Excellence) Award and the CAUSE Award for Excellence in Campus Networking.

2. Publications-including the quarterly CAUSE/EFFECT magazine, several newsleters, the CAUSE Professional Paper
Series, and other member publications

3. Information Exchange-through the Exchange Library with more than 2,200 items, including documents contributed by
member campuses, CAUSE/EFFECT articles, conference papers, and videos, and the CAUSE Institution Database (ID) Service,
a custom reporting service with data about computing environments and strategies on CAUSE member campuses.

Contact: Michael Zastrocky, CAUSE, 4840 Pearl East Circle, Suite 302E, Boulder, CO 80301

(303)449-4430
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Monday

Spotlight Sessions (M1.1)................... ]

Standards of Excellence: Special Education Best
Practice Models
Madaline Pugliese, Bill Davey, and Paula Bloker

The Applied Use of Adaptive Technology for the
Multihandicapped
Steven Noll

Multi-focused Uses for Technology by Deaf and
Blind Students
Paula Bloker

The Sinkhole Project
John Gagel

Take Control!
Bill Davey

Spotlight Sessions (M1.2)................... 2

Virtual Realitles: From the Concrete to the Barely
Imaginable
Stephen Marcus

Spotlight Sessions (M1.3).......ccuuuune 3

Writing Proposals for the National Science Foundation
Gerald L. Engel and Forbes Lewis

Spotlight Sessions (M1.4)...................3

Videodiscs for Education: The Best and the Rest
Perry Reeves

Society Sessions (M1.5)........cuuuuueennnncd

The Co-NECT School: From the Known to the
Imaginable
Society for Computer Simulation (SCS)

Society Sessions (M1.6).........cuueueeeeed

Exemplary Projects In Telecomputing
International Society for Technology in Education (ISTE)

Paper (M1.7a)........cceuueeeeevrienrecnennn §
Curricular and Ethical Impacts of Computer

Networks in the Classroom

Linda Null, Tim Daniels, and Robert H, Schneider

Paper (M1.7 B).....ueueuueeeeeenerevrnsnrennn 11

Human Infrastructures to Enable the Magic of
Information Technology
Monica Beltramerti

Paper (M1.7¢) ....cuuuevevevereenrvrvnserennen 16

Creating Multi-Year Student Schedules Using
Artificial Intelligence
David L. Parker

Paper (M1.7d).........uuuuuueeeeeenreennannann 21

A Management Information System
for Effective Schools
Donald N. Mclsaac

Projects (ML.8) ....ueeueererneeccenreneenn 24
(Teacher Training)

A Classroom Instructional Technology Center

Can Revolutionize Learning and Teaching

Robert H. Reeve, John W. McBride, Ernesto M. Bernal ,
Carl L. Hoffmeyer, M. Akraam Rana, and Ron Pontius

Making Multimedia Multiply: A Teacher Training
Project with CD-ROM
Denise Shorey, Catherine Williams

Model for Creating a Computer-Using Teacher
Education Faculty
Neal Topp, Denise Schmidt, and Ann Thompson

Cooperative Groups: Conjecturing and Technology
in the Geometry Classroom
Nancy Zarach, Pat Tinto, and Barbara Shelly

Projects (M1.9) ......uucerevvereeenrenenenenn 26

(Instructional Applications)
An Intelligent Simulation Training System
John Biegel :

Authentic Assessment in the Technology-Based
Classroom: Using Student Response Journals
Beverley E. Crane

Teachers and Telecommunications: Policy Implications
of a National Survey
Margaret Honey and Andres Henriquez

Project Egret: Traveling the World’s Electronic Bicycle
Paths: Interactive Electronic Learning
Sandra McCourtney and Sally Lucke

Integrating Multimedia Applications into the
Curriculum Using IBM Technology
Brian Scarbeau, Becky Thornton, and Glen Ricci
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Projects (M1.10) ......cuevcevensursennreisennes 28

(Potpourri)

LEGENDS: Using Multimedia to Explore
Native Cultures

Gene Bias

Multimedia Director’s Primer: Implementation
Strategies for the Classroom Teacher
George Blakeslee

Moultimedia Lesson Planning with Electronic
Chalkboard
Vicki E. Hancock

Magic Formula for Motivation: Technology &
Real-World Projects
James Scalise

Projects (M1.11) ........cuuueeeeeeenrennnena 30

(Hypermedia)
Clicking Your Way Through Interpersonal Conflict
Eileen Bergeron

A Hypermedia Project: A Native American Cultural
Bridge at UC Irvine
Kimberley Burge

Zapping the Hypermedia Zoo: Evaluation in a
Constructivist Learning Environment
Vito M. Dipinto and Sandra V. Turner

Interactive Multicultural Counseling: Role Playing
Environment

Ronna Olivier, Margery Neely,

Chandima Cumaranatunge, and Seree Weroha

Projects (M1.12) ..........ueeueeeruereccsnninnnnn 32

(Instructional Software)
Using Interactive Mathematics Texts as Teaching Tools
Marcelle Bessman and James E. White

Water Wizards
Sarah A. Finigan

Use of Educational Technology in Engineering
Case Studies
Thomas T. Liao

Projects (M1.13) ......uuueeeeeeeeeeeeeenecrenen. 34

(Educational Software)

Image Processing for Teaching: A Teacher’s Perspective
S. Hardesty, R. Kolvoord, R. Greenberg,

M. Magisos, and R. Strom

The Image Processing for Teaching Project

R. Kolvoord, S. Croft, R. Greenberg, M. Magisos,
and R. Strom

O Magic of Technology

Diversity by Design
Terri Meade and Kathy Powell

Geographical Information Systems for School
Administrators :
Kenneth Temkin and Paul Cote

Posters (MI.I4) ...ccovveeernrennneorcosssroseese 37

(E-Mail & Instructional Applications)

Using Electronic Mail for Data Collection in
Educational Research
Susan Anderson

On-Line Instructional Methodologies for Distance
Learning
George Fornshell

The Magic of Electronic Classrooms: Promises and
Pitfalls
Genell Harris

Combining Distance Education Technology for Course
Delivery
Larry Hudson and Phyllis Olmstead

Radio/Satellite Technology in Education
Greg Jones

Spotlight Sessions (M3.1)...................38

Managing Global Learning Projects: On the Internet
and in the Classroom / Drinking From a Firehose:
Real Life on the Internet (Part )

Yvonne Andres and Al Rogers

Spotlight Sessions (M3.2)................... 38

Managing Global Learning Projects: On the Internet
and in the Classroom / Drinking From a Firehose:
Real Life on the Internet (Part II)

Yvonne Andres and Al Rogers

Spotlight Sessions (M3.3)................... 39

ACM Model High School Computer Science
Curriculum
Susan M. Merritt

Spotlight Sessions (M3.4)...................40

Books With No Pencils...NOT!
Roger Wagner

Society Sessions (M3.5).....cceeueeeeereennn 41

How to Build Your Own Local Area Network
Educational Computing at Minority Institutions (ECMI)
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Society Sessions (M3.6).........ccovreurenn 41

Careers in Computing: Toward a Broader,
Gender-free Perspective

Special Interest Group on Computer Uses in
Education (SIGCUE)

Society Sessions (M3.7).....oceeeevveennnne 82

Move Over Whittle, We’re Already Doing It:
Are For-Profit Schools a Reasonable Alternative?
Society for Computer Simulation (SCS)

Paper (M3.8a).........euueuurevecreneeceannnennen 43

Computer Simulation of Laboratory Instruments
Speeds Learning and Reduces Costs
Robert L. Baxter & William R. Moore

Paper (M3.8D)....cc.cuuueeeerrvnrereeseneneennn 87

Human/Computer Interface Issues
in Educational Computing
Anthony Storms Akins

Paper (M3.8C) .eeeevevecvueerscrcnnneensssannenns 52

The Novice Model in a Modern Algebra
Intelligent Tutoring System
Constance M. Conner and Barbara A. LiSanti

Projects (M3.9) ....ucccueeevrveenvrreereensnnnna 57

(Teacher Training & Instructional
Applications)

Learning About ILSs: What Has Research Shown?
Ken Brumbaugh and James L. Poirot

“Kids” CAMP: Computer Animation Macintosh Project
Chris Carey and Jan Blau

Managing the Mid-Life Crisis: New Directions
in Instructional Computing
Sandra Etheridge and Joseph Howell

A Mathematics Computer Lab from Concept
to Completion
Paige A. Lado

Projects (M3.10) ....uueueveeeeerneeneenernnenna 59

(Multimedia)

Connecting Students and the Community
Through Hypermedia

Larry Adamson and Ty Pelfrey

Communicating in Public: Native American
Students Develop Multimedia Museum Displays
Doreen Bailey and Dan Ferguson

Hurricane Andrew: A Kid's Perspective
Beverly Cameron and Helen Blanch
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Chemical Conjurings: Student Multimedia Simulations
Vito M. Dipinto and Bonnie Thurber

Projects (M3.11) .....ccuuueernurereecenrsennnnne. 61

(Logo & Instructional Applications)
Polygons to Fractals: Logo Work With a Mathematically
Gifted Student

Eadie Adamson

Using Logo to Teach Critical Thinking Skills
Ron Place, Mike Sansing, and Chuck Auck

The Middle School: Don’t Work Easy, Play Hard!
Marian Rosen

Projects (M3.12) ......ueeuveeeeeerenersvnnnn.. 63

(Teacher Training)

Making Magic in Texas: Telecommunications Assist
Universities

Brad Chilton

Mathematics Education and Advanced Technologlies:
A Collaborative Inservice Model
Neal Grandgenett and Robert Mortenson

EPSS: A New Approach to Staff Training
Pamela Zimpfer and Doris Nabi

Projects (M3.13) .....eceeveveeveerrrinreennn 65

(Multimedia & Instructional Applications)
See to Say Multimedia Literature Experlences for
Bilingual ChildrenK - §

Jack Baumann, Sharon Gallivan, and Grace Hom

750,000 Students Under the Sea: Suppartive Bilingual
Multimedia Science
Ward Cates

Enabling Students Through Hypermedia and
Multimedia Creates Magic
Terry Cahill Frost and Barbara Awerkamp

Infusion of Technology into the Curriculum
Carolyn Chambliss, Diane Kornegay, and Debra Bell

Projects (M3.14) ......e.eueeeveuvveenreennn. 67
(Potpourri)
Evaluating the Academic Impact of Technology in

Sclence
Shirley Becnel

Respect and Recognition: A Staff Development Model
Cathy Hutchins and Roger Coffee

Hi Tech Summer School—Chapter One Students
Kathy Rehfield-Pelles
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Posters (M3.15) ....ccccccnnccsncoscssassossosasss 69

(Teacher Training)

Preservice Teacher’s Ability to Evaluate CAI:
Do Advanced Organizers Help?

Robert Fons

Portfolio Assessment/Technology/Teacher Preparation:
Experiment in Progress
Kathy Hammons and Patricia Kalfsbeek

Developing Technology Leadership in School Library
Media Specialists
Nancy Todd

Computer Literacy as a Process
Marty Wolf

Spotlight Sessions (M4.1)................... 70
The Future of Textbooks: Electronic vs. Print

Sylvia Charp, Mike Eason, Janelle Leonard, and

Bill Barnett

Spotlight Sessions (M4.2)................... 70

Electronic Assessment
Irwin Kirsch and Jerry Morgan

Spotlight Sessions (M4.3).........cccceeeee. 71

It Takes Two to Tango: Hypermedia and Videodiscs
Perry Reeves and Roger Wagner

Spotlight Sessions (M4.4)................... 71

Applying Technology Standards in the
Accreditation of Teacher Preparation Programs
Joyce Friske, Panel Chair

LaJeane Thomas, Don Knezek, Sally Sloan,
Harriet Taylor, and James Wiebe

Society Sessions (M4.5)......cccecuvenennn. 72

Teaching With A Story Generator
Association for Small Computer Users in Education
(ASCUE)

Society Sessions (M4.6)...........cccc0e... 72

Making REAL Internet Connections: Experiences
from the National School Network Testbed
Society for Computer Simulation (SCS)

Society Sessions (M4.7)........cccceeeeeee. 73

Alternative Approaches to Laboratories for
Introductory Computer Science

Special Interest Group on Computer Science Education
(ACM / SIGCSE)

Q ' Magic of Technology

E119

Paper (MA.8) covervessrresessrivsssessssnsen 74

Learning With Computer Software:
What Knowledge Actually Transfers?
Robin H. Kay

Paper (M4.8D).........ccuuvvurvuenuerviireecnnnnn. 80

LOGO Research—Forward or Back?
Wing K. Au

Paper (M4.8¢C) ......ccevevsenvnsersecrnsunsninens 91

Virtual Reality: Magic in the Classroom
Mark L. Merickel

Projects (M4.9) ...cuccurvuveecvsencincnniensnnn 96

(Telecommunications)

Montana Telecommunications Project (METNet):
Distance Education in Big Sky Country

Janis H. Bruwelheide

Kid Link: Telecommunications in a Global
Community
Carylie Lawson

Choosing On-Line Solutions for Your School:
Which One is Right?
Rachel Pinson

Motivation for Conversation: International Relay
Chat (IRC)
Jude Sacry

Projects (M4.10) .........cceeeueeeencencccnnnn 98

(Special Populations & Instructional
Applications)

Developing an Ecology Unit for Native Americans
Barbara Brehm

Summer Magic at Computer Camp
Adrianne Hunt and Judy Anderson

Technology Meets Bilingual Education in a
Large Southwestern Pueblo
Patricia Jury and Elizabeth Whitaker

Bringing Technology to All Disciplines
Larry McHaney, Margaret Reed, Janice Kelso,
Madeline Howard, Greg Gaston, and Aubrey Hillman

Projects (M4.11) ...........cueueeeurnennnnnne.. 100

(Restructuring & Instructional

Applications)

Lee County’s Pilot Technology Schools: The Foundation for
Long-Term Planning

David Kreller, Tim Osborne, Mike Jones, and

Cyndy Loomis
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The Magic Continues
Bronwyn Rhoades, David Smith, and Larry Martin

Local School Technology Leadership: The Key to Success
Bard Williams and George Bagwell

Technology Peer Assistants: Empowering Students
Mary S. Haverfield and Sherah Carr

Projects (M4.12) ........cccoeeeerrnnirsannenne 102

(Educational Software)

Bilingual Software/CDs Ensure Equal Opportunities in
Elementary Classrooms

Chencho Flores and Angela Mielke

Technology Building Blocks For Literacy
Laurie Rosenthal and John Black

Using Technology to Enhance the Teaching of
Writing at the Secondary School
Harriet Scarborough and Allen Swanson

Technology-Assisted Language Learning
(Project TALL) for ESOL Students in Grades K-12
Joanne Urrutia and Michael Eason

Projects (M4.13) .......coccvueevresscsvenncens 104

(Teacher Training)

Hypermedia Use in a Constructivist Approach

to Introductory Earth Science

FPatricia A. McClurg, James McClurg, J.R. Boyd, and
Andy Bryson

Distance Education: The Application of Technology
to Education and Training
Al P. Mizell and Lois Ann Hesser

Computer Technology For Elementary and
Middle School Students at USC-Aiken
Gary J. Senn

Building a Virtual Community of Teacher Researchers
Farricia Tinto, Barbara Shelly, and Nancy Zarach

Projects (M4.14) ........uceeereecsucserinnen. 106

(Teacher Training)
Technology Integrated With Models of Teaching
Phyllis Hotchkiss and Michael Land

The Roving Workstation Project: A Model for
Improving Teacher Education Faculty Use of Technology
Julie A. Poage and Dorie Munson

Technology in Florida’s Teacher Education Programs:
Investigating the Issues
M. D. Roblyer and Ann Barron
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Discovering the Magic of Multimedia
Maria Swayne, Maria Tavares, and Karen Hare

Posters (M4.15) .....uueevevvvnrenecsssneessnnens 108

(Research)
Distinctiveness of Icons in the Graphical User Interface
Larry Johnson

Information Needs in Medium Size School Districts
Noreen Michaud

Integrating Different Formats of Research Results
on Distance Education in Pakistan
Hiroo Saga

Cognitive and Motivational Change of an Autistic

Child through Using the Computer
Chiyoko Terayama
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Tuesday

Spotlight Sessions (T1.1).................... 109

Here Come the Robots: An Educational
Raobotics Update
Tom Lough, Panel Chair

Spotlight Sessions (T1.2).................... 109

The Disney Partnership: Parents, Kids,
and Teachers
Brian Napak

Spotlight Sessions (T1.3)......cccceevereene. 110

Florida Schoolyear 2000: Restructuring Schools on
a Technology Base

Owen Gaede, Wendy Cullar, Peggy Kinder,

Marty Beech. and Pam Zimpfer

Spotlight Sessions (T1.4)........cceeuereee. 111

The School Administrator as a Technological Leader
Chase Crawford, Martha Rahming, and Henry Pollock

Spotlight Sessions (T1.5)......ccceeeenuree 111

Musical Applications of Educational Computers
Fred Hofstetter

Society Sessions (T1.6).........c.ccerernen. 112

Teaching and Learning with Technology in the
Classroom

Special Interest Group on University and College
Computer Services (ACM / SIGUCCS)

Paper (T1.7a)......ccoueeeveeeeecversenneecennes 113

A Computer Based Presentation of
an Introductory Programming Course
John A. Cicero and John Groppe

Paper (T1.7D)........uueevvicresnicsneseccrenee I16

The Digital World: Teaching Technological
Literacy to a Multidisciplinary Audience
Barry Fagin

Paper (T1.7¢C) ccuuceeeveeeereecrscncercnneennenns 122

Preliminary Evaluation of IDG Technology for
Distance Education in Alaska
Peter J. Knoke

Paper (T1.8a).........ccuuuececsuueriesrcneeannne 130

Technological Advances Reflected in a
Current Elementary Instructional Reading Approach
Mary Coesfeld Huneke

QO - Magic of Technology
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PapEr (T1.85) eeeeeeeeeeesseessensseasnnns 134

Forming High School and University Alliances:
Magical Things Can Happen
Carol W. Wilson

Paper (T1.8¢) ...ccuuueeeereeveenreeerccnssnnnenn 137

What Makes Teachers Use Computers?
Edward Vockell, Helen Jancich, and Jackie Sweeney

Paper (T1.9a)..........c.uceecuureercrcrennnnn.. 138

Microcomputer-Based Laboratories for
Non-Majors’ Physics Courses

Doug Davis, Steven W Daniels, Charles E. Miller and
Rachelle Bergmann

Paper (T1.9D).........coeuvevreeererceresassennss 140

Image Processing on a Personal Computer
Richard Johnsonbaugh , Steve Jost, and
Dicran Goulian 111

Paper (T1.9C) ......ucuuueueccucssnsennssencnnen 144

Computers-in-Education in Malaysia: The Way Ahead
Zoraini Wati Abas

Projects (T1.10) ..........cuuueeeeeeneneeesrenne. 149

(Teacher Training)

Educational Technology: A Significant Field
Experience Component

Jacqueline Dillon

Training Teachers to Effectively Integrate Technology
into Their Instructional Programs
Herbert Rieth, Matt Ebeling, and others

LaserNet: Dissemination and Implementation within
a School
Barbara Shelly, Suzanne Gilmour, and Marilyn Trainor

The Development and Implementation of an Instructional
Computing Program for Preservice Teachers
Ann Thompson, Denise Schmidt, and Neal Topp

Projects (T1.11) ........ccuueueeeerevcnerssennenn 151

(Restructuring)

Educational Technology Research and Development:
The Texas Challenge

Ken Brumbaugh and Paul Resta

Adapting Computer Based Instruction to Learning

Styles of LD Children
Cathrine Byrd
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Teachers Swap Textbooks For Multimedia
Fayette Clarke

Data Collection and Portfolioc Development in a
Restructured Curriculum
Chip Kimball

Technology: A Natural Bridge Between School and
Community
Bronwyn Rhoades, David Smith, and Larry Martin

Projects (T1.12) ........uuuveecnvevscnnscesennnn 154

(Telecommunications)

Internet for the Middle-Level Student—A World
Without Doors
Scott Dixon

Case Studies of K-12 Educators Use of the Internet
Margaret Honey, Andres Henriquez, and Katie McMillan

Using On-Line Resources in Designing Instruction
Douglas Hyde and Julie Furst-Bowe

Computers, Amateur Radio & Carl Hayden High School
Alejandro Reyes and Allan Cameron

Projects (T1. 13). SR & 1/

(Logo)

An Inclusion Project Using Computers:
Summer Fun in the City

Eileen Boyle Young

Children’s Experiences in a New Logo-Based
Construction Environment
Sharnee Chait

Problem-Solving with LogoWriter: The Magic of
Math with Machines
Kathleen Maury

LARC Logo Teachers Shaping Their Classrooms:
Logo Action Research Collaborative
Donna Rosenberg and Pairicia Rowe

Projects (T1.14) ........cucvcveversennsnrssennenn. 158

(Teacher Training)

Design and Training for the Classroom of the Future
Jacqueline Janik

The ABC’s of Designing a Media Production Facility for
Education Majors .

Judy Lee
Distance Teacher Education: Delivery of

Graduate Instruction
Lois Ann Hesser and Al P. Mizell

Projects (T1.15) ....uuuueeueerennrrncnnnenno.. 160

(Telecommunications )

Project LA-Konnect: An Interactive
Telecommunications Simulation Model
Sheryl Abshire, Donna Mancuso, and Diane Manson

Learning Spreadsheets Using Stock Quotes from Prodigy
Sharon Andelora

A Case Study in Telecommunications in Education: The
Holocaust Project
Shirley Hanein

Posters (T1.16)..........cuuueereeerernsennennn. 162

(Global Education)

Global Classrooms: The Air Project

Rhonda Christensen, Gerald Knezek, Nola Campbell, and
David Moore

Environmental Awareness and the Use of ECOWIL]S
Ries Kock and Mark Goedkoop

Global Education: A Family Affair
Raymond Fehr

Spotlight Sessions (T3.1)..........cceuve... 163

Computer Training and Support:
Lessons From Industry
Eliot Masie

Spotlight Sessions (T3.2)........cecessenen. 163

Freedom and Justice...For All?
Carol Edwards, Jo Sanders, and Rita Oates

Spotlight Sessions (T3.3).......cceevenen.. 164

Integrating Telecommunications and Curriculum:
Successful Experiences from Learning Network Mentors
Margaret Riel, Panel Chair

Spotlight Sessions (T3.4)..........ccuerne.. 165

Iumination: It’s Elementary!
Fred D’Ignazio

Society Sessions (T3. 5)166

Using Models and Simulations for Learning
Society for Computer Simulation (SCS)

Society Session (T3.6) ..........ceeuveeenn.. 166

Methods for Teaching & Understanding of Computing
for High School Teachers: Part I
Ez Nahouraii, Panel Chair
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Society Sessions (T3.7) ...ccvesveecrernenns 167
A Bill of Rights and Responsibilities for Electronic

Learners

EDUCOM

Paper (T3.8a) ........cuccuuevuecrensuncussunnenns. 168

Computer Conferencing: A Course on Computers
and Society
Alfred Bork

Paper (T3.8D) .....cccocvvsvvensunresnsssnsessanens 171

The Adoption and Diffusion of an Electronic
Network for Educators :
Julie A. Hamilton and Ann Thompson .

Paper (T3.8¢C) .cccccovvuvissvrcsssasssnnssnnscesness I75

Raising Consciousness Through Telecommunication
Indu Varma and P.K. Varma

Paper (T3.9a) .....c..ccuuicervicrsucnsarcsnsesss 180

Information Searching Behaviors and Attitudes
Shu-Hsien Chen

Paper (T3.9D)......cuvcreisneeinseiisnncssenness 185

New Approaches to Learning Geometry
by Using GeoBlock
Kazuyoshi Hidaka and Satoru Yoshimura

Paper (T3.9C) ..ccovrvnsensarcssrcssssancens I 94

Evaluation of Writing Instruction Using Computers
Neal Schleifer

Projects (T3.10) ......cuuuvvuiceerensursreneneess 202

(Software Applications)

Attracting Students With Magnets

Thomas A. Akin, Steve Muise, Mike Lopotka, and
Robert D. Williams

Looking for the Fairy Godmother to Make the
Magic Work
John Dufour

Image Processing in Secondary School Space Science
Patricia A. McClurg

Building Support for the NBA (No Boys Allowed)
Multimedia Team
Mary Van Dyke

Projects (T3.11) .....ucuuecervescrncssensonness 204

(Multimedia)
MultiMedia Made Easy!
Forest Barbieri

' Magic of Technology

EcoGuide: An Interdisciplinary, Multimedia
Approach to Environmental Education
Elizabeth Carlson

Computer Literacy for the 90s: A Multienvironment
Multimedia Event!
Susan A. Garrett and Dolores Pusins

IBM Computer Camp for Kids
Julie Wallace

Projects (T3.12) c.cecnsssscrrssssssrensesn 206

(Networking / Telecommunications)
Presentation Magic—A Local Area Network
Teaching Laboratory

Robent N. Cook

Networking: Is It Worth It?
Larry J. McHaney

Implementing the Internet in the Elementary Classroom
Randy Sachter

Projects (T3.13) ...cuceriensinrsenssnssnnnsnesns 208

(Special Populations)

A Library Computer Lab With Curriculum and
Teacher-Productivity Software

Dorris Collmorgen and Mary Goodwin

Chapter 1 Computerized: By All Means!
Jean Reynolds and Charles T. Gardner

The Computer Clubhouse: A New Model for
Afterschool Centers
Natalie Rusk

Consumer Reports in Computer Applications Class
Donna L. Spatz

Projects (T3.14) c....coveervurveisserinnssenenns 210

(Software Applications)

Celebrating the Magic of Technology in the Writing
Classroom
Karla Burkholder

Home Grown Primary Language Arts Labs
Mathew M. Maurer, Lynn Noel, and David Spencer

Critical Thinking with Technology: Insight from

Action Research
Judi Repman
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Posters (T3.15).cuuuunecennccenerenonnnerensennenn 212

(Technology in the Curriculum)
INTEGRATE the Magic of Technology:
PUBLISH an Elementary School Newspaper
Estelle Bentzen

Elementary Students Producing Magazines Using
Aldus PageMaker
Kathleen Huggard-McKinney

Getting Started: Making the Multimedia Leap
Annette Lamb

Multimedia and the Development of Literary
Understanding: A Survey of Existing Applications
Carla Meskill and Karen Swan

Video Manipulatives for Mathematics
Margo Nanny

Spotlight Sessions (T4.1)..........c.e.... 213

Instructional Technology in NASDC Proposals
Henry Olds

Spotlight Sessions (T4.2)....................213

Creating Mother-Tongue Literacy With The
Computer: Make It Happen In Your Classroom
Bill Peet and Libby Peet

Society Sessions (T4.3) ........ceueveneeenn. 214

Methods for Teaching & Understanding of Computing
for High School Teachers: Part II
Institute of Electrical and Electronic Engineers (IEEE)

Society Sessions (T4.4) .......cueeeeerennen. 215

Supporting New Ways of Teaching and Learning With
Technology-Enhanced Classrooms

ISTE Special Interest Group for Technology

Coordinators (ISTE / SIGTC)

Society Sessions (T4.5) .......ccecovenennnn. 215

Restructuring Science Through Technalogy
ISTE Special Interest Group for Technology
Coordinators (ISTE / SIGTC)

Paper (T4.6a).............cuueeeeureeeeennneen. 216

Using Student Experience to Guide Curriculum
in Introductory Computing
Gerald E. Gau and Sandra Madison

Paper (T4.6D).........uuueueveerecerirrerneennnnn 222

Classroom Equipment for Instructional Enhancement
of a Computer/Math Core Course
Chaya Gurwitz and Neomi Halpern

23
ERIC

IToxt Provided by ERI

Paper (T4.6¢) ..c.ceeneveeessnssseessssnsenns 226

Developing a Computer Architecture Course:
Lessons Learned
Linda H. Rosenberg

Projects (T4.7) ..ceevveervsccscnssnnnnsennnnnn. 230

(Computer Science)

Teaching Programming Logic Using Computer
Controlled Robots

Bob Coil and Ed Harper

QBasic Programming—Creative, Challenging, Cheap
Theresa Cuprak and Jill Jones

E.S.C.A.P.E—Expert System Computer Aided
Programming Educator
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Spotlight Sessions (M1.1)

Standards of Excellence: Special Education Best Practice Models
Madaline Pugliese and Bill Davey _
Adaptive Rehabilitation Technologies, Inc.

Marblehead, MA

Paula Bloker
Arizona School for the Deaf and Blind
Tucson, AZ
Abstract

Four model programs have been designed to serve students with a wide range of disabilities, and were awarded education
grants from Apple Computer, Inc. Guidelines specify that projects would: create an interdisciplinary approach; give students
greater control over their educational experience; serve economically disadvantaged students, including targeting the inclu-
sion of special needs students; develop creative and effective uses of technology; and develop links between classroom
leaming and learning outside of school. Now mature projects, the coordinators discuss creating their models and designing
program adaptations, while assessing the changing needs of their target populations. The panel discusses innovative, interdis-
ciplinary technology-based curriculums proven successful and replicable and the efficacy or impact resulting from these
dynamic projects. Please note: Even though the panel of applicants are grantees.via. Apple’s education grants program, this
session will inform participants of these model programs in special education practice and is-a non-commercial venture.

The Applied Use of Adaptive Technology for the Multihandicapped
Steven Noll
Sindey Lanier School
Gainesville, FL
Abstract

The use of computers can provide new pathways to all phases of the curriculum for students with educational disabilities.
Students can use adaptive devices to allow for individualized access which takes advantage of student cognitive and sensory-motor
strengths. This project collaborates ‘with a local university's Department of Special Education as. part-of their teacher training
programs. The direct application of assistive technology directly benefits both the students in their classrooms and the University
students as they prepare to apply their coursework. S

Multi-focused Uses for Technology by Deaf and Blind Students
Paula Bloker
Arizona School for the Deaf and the Blind
Tucson, AZ
Abstract

This project has helped the ASDB restructure, not just by adapting the technology to conform to preconceived notions as to
what the technology MIGHT do for such students, but discovering new ways of learning using appropriate technology tools.
Program includes: HyperCard stacks on Native Americans of Arizona, Braille translations of student assignments, and adaptive
access from a range of perspectives. Goals for the project also include examination of employment issues for such students.
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The Sinkhole Project
John Gagel
Woodbridge Academy
Lexington, KY
Abstract

The project studies the effects of sinkhole pollution and resultant ground water contamination in Kentucky. Goals for the LD
students include: develop and reinforce linguistic, logical thinking and problem solving skills, and foster communication, social
skills and community awareness. The integrated, interdisciplinary curriculum focuses on the student as an active participant in
the learning environment and the use of technology as a multimedium for exploration, learning, expression and synthesis of
information.

Take Control!

Bill Davey

Adaptive Rehabilitation Technologies
Marblehead, MA

Abstract
ART provides computer awareness training for the generally disabled public through a series of adaptive technology fairs
called Take Control! These fairs are held in various locations throughout the US, and they offer disabled consumers and their
families an opportunity to work with expert teachers and examine ways that computer technology can enable their lives.

Spotlight Sessions (M1.2)

Virtual Realities: From the Concrete to the Barely Imaginable
Stephen Marcus

University of California, Santa Barbara

Santa Barbara, CA

Abstract

This presentation deals with deep media. It illustrates unusual (some would say offbeat) interfaces and metaphors for
future educational computing. These include systems like Reality Built for Two, Virtualities, Mandala, the Alternate Reality
Kit, the Virtual Environment Workstation, the Rubik Cube, SemNet, and A Very Nervous System. The discussion includes
attention to new Japanese software initiatives, the development of the smart book, and the elusive RUM, DWIM, and DWIN
commands.

The central concept involves “virtual realities,” simulations that you seem to enter physically. If text “ells, and video and
film show, then a virtual reality embodies” the world it creates (Randall Walser, Autodesk Research Lab). This leads to
considerations of how to represent things that are essentially indiscernible (Warren Robinett, University of North Carolina).

This presentation illustrates virtual reality hardware and software and explores the educational implications of radical
shifts in point of view: you can become the data, and you can function in environments in which space itself is the interface.

Our involvement with new technologies generally moves from an ambivalent relationship with augmented abilities to the
“dawning of irreversible change” (Akram Midani, Carnegie-Mellon University). This presentation suggests some of the
implications of virtual realities—for various subject matter areas, in adapnve technology, and on our expectations and visions
for educational computing. ‘

National Educational Computing Conference 1993

3. 1‘.



Spotlight Sessions (M1.3)

Writing Proposals for the National Science Foundation
Gerald L. Engel and Forbes Lewis

National Science Foundation

Washington, DC

Abstract
This session will concentrate on a number of aspects of the NSF grant process. It will include presentations of currently
available programs, a discussion of trends, and a review of process and procedures. Particular reference will be made to
programs of the Computer and Information Science and Engineering (CISE) Directorate. Some discussion will also involve
the items normally expected by the NSF program officers. Time will be made available for individual discussions and
questions.

Spotlight Sessions (M1.4)

Videodiscs for Education: The Best and the Rest

Perry Reeves
Pioneer New Media
Carson, CA
Abstract .
Abstract not available at press time
Q" e Magic of Technology
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Society Sessions (M1.5)

The Co-NECT School: From the Known to the Imaginable
Society for Computer Simulation (SCS)

Henry F. Olds, Jr., Panel Chair

Bolt, Bernak and Newman, Inc.

Boston, MA

Abstract

The Co-NECT School, a design for a new American school developed by the Educational Technologies Department of
Bolt Beranek and Newman, Inc., is one of eleven winning designs chosen by the New American Schools Development
Corporation. The Co-NECT school design transforms the context of leaming by restructuring the school community,
creating a project-based curriculum, applying new assessment procedures based on a personal growth system, and establish-
ing a new technological infrastructure based on an open communications network. In the Co-NECT design, computers are
completely ubiquitous and pervade all aspects of the lives of teachers, students, and, hopefully, parents. All these changes
have their roots in research projects conducted at BBN, as well as at other institutions, and they lead to a radically trans-
formed educational program for the future.

Panelists:

Ruben Canter and John Richards
Bolt Beranek and Newman, Inc.
Boston, MA

Society Sessions (M1.6)

Exemplary Projects In Telecomputing

Intemnational Society for Technology in Education (ISTE)
Lynne Schrum, ISTE (SIG/TEL) Panel Chair

Center for Teacher Education

Plattsburgh, NY

Abstract
This session will present projects using telecommunications to enhance the learning of students within a variety of content

areas, grades, and locations. These projects will be presented by the winners of SIG/TEL’s Third Annual Telecomputing
Activity Contest. Presenters will offer suggestions for replicating the projects and interact informally with the audience.

This abstract was taken from the author's originally submitted proposal
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Paper (M1.7a)

Curricular and Ethical Impacts of Computer Networks

in the Classroom

Linda Null, Tim Daniels and Robert H. Schneider
Northwest Missouri State University
Maryville, Missouri

Introduction

Computers are becoming an integral part in today’s soci-
ety, and the amount of information available via networks
today is astounding. Corporations, universities, and high schools
are starting to incorporate computer networks as a necessary
means of-accessing the wealth of information obtainable. The
ability to network is part of the reason computers are gaining
popularity and acceptance, and this information technology is
having a definite impact on higher education. Networks (such
as the Internet) can be used as educational tools to increase
computer literacy, provide leading-edge research, improve
social awareness, increase enthusiasm toward learming, pro-
vide social and academic interaction and develop ethical
consciousness. At the same time networks can serve to make
today’s students tomorrow’s leaders in technology.

A major tool available today is the Internet, a publicly
accessible intermational computer network. Sufficient work-
ing knowledge and proper utilization of the network provides
students with the information and experience necessary to
survive and compete in the evolving information age. Use of
the network introduces them to concepts they might not see
otherwise. For example, continued use of the Internet allows
students to become more familiar with computer terminology,
operating system concepts and basic hardware notions. The
network also allows access to many different types of teaching
aides including such things as electronic books and informa-
tion, on-line libraries and public bulletin boards. Teachers
from across the country can exchange lesson plans, tests,
teaching units and varying philosophies on a wide variety of
subjects via electronic mail. There are also many on-line
information services provided for teachers.

One of the most significant contributions of traveling
around the world via networks is the ability for users to visit
people and locations without actually being there—the ability
to bring a world of people and information within reach.
Students can interact with experts ina given field, international
counterparts and others using the network in pursuit of knowl-
edge. This interaction can be used to exchange ideas, introduce
new concepts, ask questions and help those in need of advice.
Public access to user bulletin boards provides a means for
enthusiasts in various areas to discuss, debate and disseminate
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information. This ability to learn from afar is no doubt having
a significant impact on our students now, and it will continue
to do so in the future.

Networking not only contributes to student learning but
also provides the teacher with a new educational medium.
Because networks are easily accessible, many teachers are
already using local, regional and national networks on a
constant basis. Networks can help the teacher bring back the
students’ enthusiasm for learning by adding a new educa-
tional medium to the classroom thatcan be integrated into the
total curriculum. For example, interdisciplinary assignments
involving the Internet and various information gathering
techniques (for such things as world news and weather data)
are only two of the ways nation-wide networks can be used in
the classroom. Networks can be used as a resource tool,
helping students to discover new and exciting areas of explo-
ration and investigation.

Along with ready access to the Internet comes the social
responsibility to act ethically andmorally. As access increases,
so does the opportunity for unethical practices. Teachers must
be cognizant of these problems and must also make their
students aware of them. The ethical issues that must be ad-
dressed include plagiarism, software piracy, information theft,
harassment, abuse of resources, illegal access, and problems
associated with viruses and worms. This paper examines these
ethical issues and also presents an overview of the integration
of networks into the classroom.

A Brief Introduction to the Internet

In the late 1960’s, the Internet, created by the Pentagon’s
Advanced Research Projects Agency, went on-line. NSFnet,
the National Science Foundation network, makes up the back-
bone of the Internet. There are regional networks that tie into
this backbone with quite informal local links to the network.
Since its introduction, the Internet has grown to allow access
to more than 5000 networks in 100 countries by well over 4
million users [1]. But still its existence is not as well known as
many researchers and educators feel it should be. Few people
outside the computing world realize what it is or who uses it.
In fact, it was not until 1988 when Robert Morris, Jr. infected
the net with his famous “worm” program that a large majority
of people began to understand the magnitude of Internet.
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The Intemet consists of several diverse networks with no
central control. The Internet Society is a non-profit interna-
tional organization consisting partially of the Intemet Archi-
tecture Board (IAB), the Internet Engineering Task Force
(IETF) and the Internet Research Task Force (IRTF). This
society raises money whichis used to publicize the information
available via the Internet. The 10-15% monthly growth rate in
computer hosts on the Intemetcombined with the 25% monthly
increase in traffic over the net indicates successful publicity.

Technically, all information transmitted over the Internet
should be related to research and education. Generally, appli-
cations over the net fall into four categories: anonymous ftp
(file transfer protocol), E-mail (electronic mail), telnet (remote
log-in), and news (Usenet news groups). By using anonymous
ftp, updated lists of most anonymous ftp sites can be retrieved
(i.e., connecting to ocf.berkeley.edu and retrieving the file
ftpsite). Once retrieved, this file provides information about
publicly accessible ftpsites. Several sites dedicate large amounts
of storage to maintain archive files of source code, games and
other information. An anonymous ftp to wuarchive.wustl.edu
will provide the user access to archived files.

There is no directory of Internet users, so sending E-mail
canoften be difficult. A file called/pub/usenet/comp.mail.misc
located at pit-manager.mit.edu explains various methods of
locating people on the Internet. A WHOIS database is run by
the Network Information Center (NIC) and allows users to
issue the ‘whois’ command to search for registered users.
Normal users can register with this database by filling out a
form from the NIC available via anonymous ftp (ftp to
nic.ddn.mil and retrieve the file ‘netinfo/user-template.txt’).
The form can then be E-mailed to registrar@nic.ddn.mil,
resulting in the user’s name being added to this database.

Various applications can be run on remote computers
using telnet, a program which creates connections with remote
machines. The file Infoguide. XXXXX..txtlocated at ftp.sura.net
in the /pubs/nic directory contains an excellent explanation of
various systems. Available also via anonymous ftp from
csd4.csd.uwm.edu is the file /pub/inet.services.txt which con-
tains a list of services offered by the Intemet. The MaasInfo
package contains an overview of how to use services available
over the Internet [4].

The Internet newsgroups (Usenet News) are provided by a
set of machines exchanging articles from various groups includ-
ing government agencies, large and small universities, high
schools, businesses and even personal computer owners.
Newsreader software, such asnn orm, isrequired to transportand
read Usenetarticles. Many places allow guestlogins toread these
groups (i.e., telnet to bbs.oitunc.edu and log in as bbs).

Perhaps a greater challenge than leaming how to access
various pieces of information via the Intemet is how to locate
and download the files that you want. The information avail-
able over the Internet could easily fill a book with such things
as applications software, services, archives, bulletin boards,
electronic books and various indices. (See [2,3]). People desir-
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ing software can check with Archie, a central database of
information about Internet-accessible archive sites, plus server
programs that provide access by telnet, ftp and E-mail. This
database maintains a list of over 1000 archive sites containing
software, documents and data representing over one million
files. A user can search based on string matching, site lists, site
contents and software descriptions. Microcomputer users are
especially attracted to this as these software archives also
include DOS, Amiga and Macintosh programs. Accessing
Archie simply requires a telnet session to an Archie site (such
as archie.rutgers.edu) and logging is as archie. A help com-
mand can assist a beginning user in finding any desired files.
Archie notonly organizes Internet offerings for anonymous ftp
sites, but also provides access to the whatis description data-
base, which gives the name and a short synopsis of thousands
of public domain software packages on the Internet.

Many other services are available on the net. The
Internet Relay Chat (IRC) system is a real-time system that
allows people to discuss current topics. People from all over
the world can join in to make comments and ask questions.
There are various channels, each devoted to different current
topics, such as a “hurricane” channel or a “Gulf war” channel.
The On-Line Book Initiative (OBI) is a publicly accessible
repository for books, conference proceedings and various
other reference materials that can be shared. Although some
information has been stored electronically, efforts are continu-
ing to get all information into electronic form. (Further infor-
mation is available via E-mail to obi@world.std.com or by
phoning 617/739-0202.) Project Gutenberg focuses on En-
glish language electronic texts, with a goal of 10,000 of the
most used books to be on-line by the year 2001. (More
information can be obtained by sending E-mail to
hart@vmd.cso.uiuc.edu).

Educational Applications

The network has much to offereveryone. The applications
for education on the elementary, high school, and college
levels are numerous. Professionals and businesses can also use
the Intemnet for research. Whether it be educational or commer-
cial, the Internet has the potential to increase the amount of
information flow and to provide access to a variety of interest-
ing things.

Teachers today are incorporating technology effectively
into the classroom to help prepare the students for using this
technology in the “real world”” when they graduate. The Internet
can help with this process by allowing students to access many
varied services. They canresearch topics by accessing libraries
across the world. Although many accesses of this type are to
library holdings only (catalogs, etc.), once a book or periodical
islocated that can help the student, interlibrary loan can be used
to obtain the necessary information. Some libraries on the
Internet now allow access to electronic books (telneting to
wugate.wustl.edu with the usemame services allows transfer
of some of these electronic books via E-mail). By a simple file
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transfer (via ftp or E-mail), a student can easily obtain the
necessary information. For example all the libraries in the
Colorado education system have pooled their inventories onto
an Internet accessible site. Students can check all their re-
sources with one query, and then they will be told where the
books are located and given the call numbers needed to obtain
them. Another example is the Research Libraries Information
Network which is an on-line bibliographic database with well
over 40 million records including records of special collec-
tions, maps, sounds recordings, and even photographs. The
number of library catalogs accessible via the Intemet increases
daily. Included in this list are several in the United States,
Gemany, Mexico, New Zealand, Australia, Israel, Switzer-
land, Sweden, the United Kingdom and others. A MS-DOS
hypertext database of Internet resources is available from
wuarchive.wustl.edu via anonymous ftp.

Library catalogs are among the mostpopular of the Internet
services. Students can also use the Intemnet to exchange ideas
for research, talk with professionals, and even converse with
family and friends by using E-mail services which allow these
students to send messages and certain types of files over the
lines to each other. Feedback comes quicker and is therefore
more helpful to the students as well as the educators. K-12 user
news groups have increased in numbers, allowing students of
all ages to discuss a vast majority of topics with others from
around the world. Our students can now travel to the rain
forests of Africa or the mountains of India without everleaving
home. Cultural exchanges at this level can have a significant
positive impact on our elementary and secondary students by
giving the student a wider window to the world. International
cooperative efforts can result in such things as role playing
simulations and other real-time applications. Students from
far-reaching areas can combine efforts to do such things as
rewriting the Constitution (role playing the various charac-
ters), writing poetry and short stories, simulating environmen-
tal decisions (such as building dams or cutting down forests),
studying a foreign language and interacting with travelers who
respond to questions regarding social, psychological, cultural
and environmental concems.

Students can now obtain vast amounts of information
more quickly and with greater ease than ever before. This tends
to create excitement and eagemess for leamning among the
students and instills in them a desire to leam more and more,
increasing not just their computer literacy butalso their literacy
in many other fields. With this new found knowledge they can
prepare for the problems of tomorrow, and hopefully, will be
able to cope with them more easily. Internet is becoming an
indispensable tool to help stimulate young minds to leamn.

FrEdMail (Free Educational Mail) Network is ateacher/student
exchange network to allow teachers to share teaching materials,
curriculum ideas, classroom experiences, motivational techniques,
wozkshop material, information on educational legislation and job
opportunities. A mail message can be sent to help@cerf.net contain-
ing a request for more information on FrEdMail.

The Magic of Technology

Teachers can also use the Internet to show students certain
basic computer skills that they may require to get along in a
computerized society which extends well past the borders of
the students’ states and countries to include a good portion of
the-world. With this new found ability, the students’ horizons
are broadened and the power to learn is increased. The Internet
not only helps teachers to teach about computers, but it also
allows teachers to learn many things themselves that they
otherwise would not. Teaching is a time consuming task, and
any tool that will reduce the time required to leamn is greatly
appreciated—the Internet is such a tool. Teachers can ex-
change ideas with other teachers in the same field, specialty or
area. This exchange is simplified drastically with the E-mail
service of Internet. Teachers can also locate and obtain many
different kinds of teachers’ aids and educational materials
which are stored in different areas accessible through the
Internet. For instance, the National Aeronautics and Space
Administration Spacelink service has a listing of all the educa-
tion materials available and the cost of these materials.

Via this new technology, teachers and students have the
ability to communicate with their peers. One must also keep
in mind that this communication also goes on between stu-
dents at one institution with faculty from another institution.
Being able to talk to faculty in a certain fields allows students
to discuss ideas with many different educators. Teachers can
talk with colleagues to find out changes and exciting break-
throughs not yet published. Questions regarding technical
papers can be sent directly to the author, and responses are
quick and personalized.

Companies and educational institutions are allowing em-
ployees or students to interact with users at other companies or
schools for ideas. Many research groups use electronic mail
and ftp to work together, even though they are physically
separated by thousands of miles. This allows a combination of
resources rather than just the resources that are available in any
one area. Many companies even allow access to their comput-
ers during closed hours. By allowing this joint processing,
larger and more complex simulations for research purposes
can be accomplished.

Because of the practical educational applications and the
potential for leaming, many professionals are pushing the
United States government into establishing the NREN, the
National Research and Education Network [2]. The first step
in this direction was taken when the National Science Founda-
tion gave a grant to establish the NSFnet which now links 16
supercomputing centers in the U.S. The President’s Office of
Science and Technology, which felt the U.S. was lagging in
high-technology, issued its Federal High Performance Com-
puting and Communications Program report to propose re-
search in four areas: high performance computing systems,
advanced software technology and algorithms, basic research
and human services, and a national research and education
network. This last category has received the most attention, as
NREN will have approximately one thousand times the present
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capacity of existing networks. Although many proponents
agree on the necessity, many disagree on who should pay
which costs and who will manage the NREN. The proponents
feel that this network could be established with the use of the
Intemet instead of requiring another completely independent
network to be established. This network, when functional, will
allow researchers to interact and help in research efforts
conducted worldwide.

The Intemnet made its mark on education from the begin-
ning and will continue to do so at an increasingly higher pace.
The physical distance between researchers is becoming less of
a hindrance as resources become more readily available to
different people. The ease with which Intemnet can be used has
contributed significantly to its success. Intemet’s full impact
on society cannot and will not be fully measured for a long
time, but one can get a sense of its enormity from just the
millions of people who use it.

Ethical Issues

Aswe can see, there is a greatdeal of interest being ignited
in the areas of computer education and research. However, as
with any emerging technology and rapidly changing environ-
ment, this technological advance is also stimulating behaviors
that can cause ethical dilemmas and creating legal challenges.
Time is being dedicated to teaching people how to use com-
puter networks and to making sure that they have access to
them, but little time is being spent teaching ethics and estab-
lishing the basic laws of usage.

In a typical university setting, an estimated five percent
of computer literacy class time deals with ethics. This is
analogous to spending one hour teaching someone how to
drink but only one minute teaching them how to behave
responsibly while drinking. Although many high schools
have basic programming courses, they tend to ignore issues
of computer ethics. Rebellious teens often become involved
with hacking, cracking and software piracy. Those students
wishing to form friendships find it inexpensive and easy to
offer their new-found friends pirated software. Students who
naturally bave low finances will band together to trade
software in order to keep their costs down. Many students
realize that this is going on and begin to think that there is
nothing wrong with software piracy.

On a college level (and at some secondary schools) we see
students rapidly gaining access to computers and networks.
These students have had little experience with the negative
consequences of technology and its abuse. Many first time users
find how easy it is to talk with multiple people over E-mail. In
many schools, there is a direct correlation to grades and the
amount of E-mail activity a student participates in. There are also
games available over networks as well as bulletin board systems
and chat utilities which many students use. Although these aren’t
necessarily bad, many students tiec up networks for these pur-
poses, keeping others who wish to use the systems for academic
pursuits from accessing the network effectively.
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Abuse of resources is probably one of the most common
ways people misuse today’s technology. Basically, abuse of
resources involves using computer resources in manners in
which they where notintended, generally for nonacademic and
personal reasons. E-mail is often one of the most abused of all
resources. Nearly everyone on a large computer network gets
an account which can be used to transfer messages between
groups of people in a variety of methods. Networks often have
large amounts of time tied up by people taking part in E-mail
activities not related to academic or work purposes. Compu-
Sex (a form of computer mailing closely related to the theory
of Phone Sex where individuals engage in written sexual
activity) is very common, accounting for a large percentage of
the abuse. Another form of E-mail abuse involves chain-
letters, which are essentially electronic extensions of their
original counterparts. Playing games also consumes time on
many systems, when others need to use the resources.

Abuse of resources occasionally extends to the point
where laws become broken. Harassment takes place on many
bulletin boards and via E-mail. Computer networks such as
Internet allow a wider area in which the harassment can take
place. They also allow for easier formation of electronic hate
groups, an unfortunate by-product of easy access to interna-
tional networking. Computer-aided cheating is also a new
phenomenon where easily accessible information allows stu-
dents to plagiarize with less chance of getting caught, trade
information about tests, and in very extreme cases manipulate
their own grades. Information is also becoming more acces-
sible on how to commit crimes (such as dismantling pay
phones, making bombs and breaking and entering). Pomogra-
phy is also something easily found on many networks today.
Many do not allow these materials or, if they do, they will
screen the ages of the users, but often children slip through and
systems miss files. Although these materials are not necessar-
ily illegal, there are many children accessing the Internet who
are not of the proper age to acquire these materials.

Although many abuses and misuses of the nationwide
network are simply offensive, some have become criminal
acts. One reason why breaking laws via computer networks is
so large spread is the low preparation time, the low risk factor
and the immediate and sometimes large-scale payoff. Viruses
and worms are very popular for this reason. Take for instance
the Michelangelo virus. A virus is a relatively simple program
requiring little time to write (a worm is much like a virus except
it is limited to one system or series of systems). The
Michelangelo virus was released and caused a nationwide
panic. The author received national (if not international) recog-
nition and has (at the time of this writing) not been caught.
Because computer networks are becoming so accessible and
wide-spread, computers from several corporations and coun-
tries are accessible to the common student and in many cases
the common person. This allows amazing access to a large
variety of information, some of which is private and easily
stolen by simply entering the proper set of commands. This
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private information can be used for personal use, or even sold
to the highest bidder.

Theft of private information is not the only problem
emerging in our technologically advanced society. Students
have easy access to resources which make plagiarism much
more tempting and undetectable. With the abundance of infor-
mation available via the Intemet, it is considerably more
difficult for teachers to detect when plagiarism has occurred
simply because there is norealistic way to check sources. Some
unethical network users even provide services dealing with
pre-written papers for students. All a student has to do is find
the proper source and a paper on any topic can be obtained in
a matter of minutes. There is no effective way to monitor this
type of transaction, although some computing centers limit ftp
and telnet privileges in hopes of deterring this type of abuse.

Computing center directors are now forced to deal with an
entirely new set of problems—those created by easy access to
networks. Directors attending the SIGUCCS 19th Annual
Computing Services Management Symposium completed a
survey on the frequency of breaches of acceptable computer
behavior with the following results: [6]

Incident Percentage
User “hacked” into a university computer 43
Virus infected a university-owned workstation 91
User received E-mail that s/he considered harassing 71
User received E-mail that s/he considered obscene 65
Someone used a computer account without authorization 78
User shared his/her password inappropriately : 87
User illegally copied university owned software 70
User illegally copied privately owned software 51
Chain letter E-mail circulated on campus network 33
User complained that content of BBS was obscene 29

User complained that content of BBS was harassing 25
User took advantage of system, software/security flaw 54

Networks allow such easy access that directors now not
only have to worry about locals “hacking” into the system, but
also have to be concemed with remote users attempting the
same thing. Anonymous ftp offers a tremendous amount of
software, which creates yet another concern. Many people do
not perform a virus check first, resulting in possibly infected
systems in schools and on campuses. Harassing and obscene
messages via E-mail have become a definite problem. Cultural
differences can result in a seemingly innocent E-mail being
regarded as offensive. Although electronically offending some-
one from a different cultural background is often done by
mistake, it is too often done on purpose. Even though the
purpose of the Internet is research and other academic pursuits,
many of the bulletin board services offer a wide range of
information, from jokes and recipes, to truly offensive and
tasteless stories and suggestions.

There are many other problems afflicting world-wide
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computer networks. Different countries have unfamiliar cul-
tures which lead to different laws and ethics; what is legal in
one country may not be in the next. Students need to understand
that abusing the Internet is not something to boast about. There
is the myth that those who break into government and private
computer systems can get jobs on those systems, because their
ability to hack into the system impresses the management.
Vandalism on systems, lack of respect for operating times, and
lack of proper operating knowledge on behalf of the user are
issues that need to be addressed.

The solutions to these problems are not easy nor are they
simple. Before others may be taught computer ethics, teach-
ers in large must embrace them. The problem with taking up
a code of ethics in regards to computer systems is that there
is not really an adhered-to code in existence. It is difficult to
found a cross-cultural code of ethics, since different countries
have different ideas of what is right and wrong. However,
networks can have rules applied to all those who use them,
and although enforcing these rules can be difficult, this could
resultin a significant improvement. Federal laws now exist in
their infancy in the United States, but once again many
networks like the Internet cross national boundaries. Educa-
tion about computing ethics, therefore, must begin in our
schools. Then, and only then, can we expect students to start
understanding the implications and ethical issues associated
with intemnational networks.

Conclusion

The future possibilities of Internet in education are im-
pressive, and as more information becomes available, students
will be exposed to different subjects at a younger age. Student
involvement will become more personalized as students will
be independently pursuing subjects of interest. Teachers must
provide an educational environment that encourages students
to question “facts” and seek challenges. That environment
must also create an ethical awareness; too many people feel it
is the duty of the computer center to prevent people from using
their wares in antisocial ways. Most certainly the interaction
available on the net will promote better understanding of social
and political issues. As more and more information becomes
available (much of it in conflict), students must be taught to
critically assess the value and validity of this information.
Grace Hopper once said “‘We have to learn to manage informa-
tion and its flow. If we don’t, it will all end up in turbulence.”

Computer networking provides numerous educational
opportunitics. We should use these opportunities to teach
students to think about ethical and social norms, to develop
community standards and understand how these standards
affect them, to participate in information gathering, informa-
tion management and decision making and to understand the
impact of technology on their lives. We can begin this process
in our elementary schools by using computer networks to
expose young children to many unfamiliar situations and
peoples they would not ordinarily encounter. One thing is
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certain: this information revolution is changing our lives, and we
must prepare our students to cope with its promise and potential.
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Abstract
Information technology is regarded by many universities as a magical tool for increasing institutional productivity. However,

benefits of information technology as a productivity tool.

*in today’s distributed computing environment, human infrastructures are as important as technological ones in reaping the

In this paper, we describe the cross-departmental functions that have to be performed to ensure wise application of
information technology. We then describe some of the human infrastructures being developed at the University of Alberta in an
attempt to ensure that information technology delivers the appropriate returns on investments.

More Magic Expected of IT

The role of information technology in higher education
has shifted in recent years. In the past, information technology
was primarily viewed as a tool to add value to institutional
activities. Value was added, for example, by the introduction
of central computers to perform intensive numerical computa-
tions, which enriched academic activities by opening up new
fields of research. Similarly, electronic manipulation of insti-
tutional data allowed colleges and universities to offer better
support services to students and faculty.

Recently, however, an increasing number of people are
asking whether the value added by information technology to
research, education, and administration is proportional to the
costs incurred in purchasing it. That this question is being
asked in a period of shrinking budgets is not surprising and,
consequently, institutions expect information technology to
increase institutional productivity. There is an expectation that
information technology not only enrich institutional activities,
but also reduce costs, and attempts are being made to measure
productivity gains through the use of information technology
with a simple formula (i.e., productivity = value added/cost).
Clearly, today we are expecting more magic from information
technology than in the past. One is tempted to ask whether it
will be able to live up to these expectations.

Information technology should be regarded as a means to
enhance the productivity of higher education’s primary func-
tions: teaching/learning, research, and community services.
Administrative activities in higher education are in support of
these primary functions.

Several factors will determine the extent to which infor-
mation technology enhances productivity. Progress in technol-
ogy will certainly have a large impact. As tools become more
functional, results will be obtained faster. Computing literacy
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is also increasing; more people will be able to make efficient
use of technology. It is expected that information technology
will become an integral part of many of our activities.

Success of information technology as a productivity tool,
will, however, depend heavily on the wisdom with which we
apply it. Information technology is only a means to an end—
the end has to be clearly understood before information tech-
nology can either add value or reduce costs.

The time will probably come when technology is so
advanced that it will give us feedback on whether we are
applying it wisely; but as of today, institutions (and individuals
working within them) are responsible for the wise application
of information technology. This wisdom has to be provided by
human infrastructures, performing activities aimed at:

* understanding how technology is applied and to what end
» sharing expertise and resources
» exploiting economies of scale

The last two tasks are particularly important in a distrib-
uted computing environment. Many of these activities extend
across traditional organizational boundaries, demanding man-
agement of an extended enterprise.

Planning Activities

Activities to enable information technology to enhance
productivity can be divided into two categories: planning, and
technology management.

Planning for Higher Education Leads the Way

To apply information technology wisely, an effort must be
made to understand the direction of higher education in the
coming decades. Higher education will have to undergo sub-
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stantial changes to educate more people and to educate them
better than before in a time of declining budgets. The curricu-
lum, organizational structures, and administrative processes in
higher education will no doubt change radically in the future
(distance education is an example of things to come).

Universities are today inextricably linked to social and
economic processes transpiring locally and globally. Faculties
can no longer plan for the future of higher education in
isolation. Ongoing planning processes need to be established
and plans must be formulated with the participation of all
relevant stakeholders: industry, govemment, students, and
taxpayers. Higher education directions need to be constantly
revisited. From the point of view of tying in technology with
planning for the evolution of higher education, there is a need
for the all-round participation of information technology staff,
so0 as to allow timely adjustments of technology plans to higher
education directions. Only then will we have the opportunity
to apply information technology wisely.

Technology Directions

Planning new directions for higher education is an ongo-
ing process but planning for information technology cannot
stand still. While there are risks connected with implement-
ing technology plans without first understanding completely
the directions of higher education—it is likely that some
investments will be wasted—there is noreal alternative butto
press ahead. The risk is worth taking since inaction or ad hoc
activities would probably lead to even greater unnecessary
expenditures.

There are various reasons why technology planning at
both the institutional and departmental levels is more impor-
tant today than ever.

* Distributed computing has made technology manage-
ment more complex. Conflicting roles have to be re-
solved. For instance, the role of end-users in technology
planning and management has increased as they have the
autonomy to purchase equipment and develop applica-
tions. On the other hand, in order to capitalize on the
distributed computing investment, institutions have to
apply economies of scale when purchasing or using
equipment, a proper role for the central information
technology organization. As well, sharing of resources
and expertise require collaboration between end-users
and the central organization. :

 Technology plans can no longer be formulated in isolation
by a central organization. Planning has to be done in
collaboration with users. Plans that require a large institu-
tional commitment have to incorporate support from se-
nior administrators. These planning efforts require col-
laboration across traditional organizational boundaries.

* A common frame of reference for the developmént of
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information technology‘is provided by a technology plan.
Even though technology directions cannot be imposed,
planners can give guidelines to the campus on equipment
to purchase which ensures easier support, interoperability
and thus better return on investnents.

* We have seen an acceleration in technological evolution
in recent years and we must anticipate where technology
is heading. This can only be achieved through careful
understanding and analysis of the market.

» With shrinking budgets, financial plans become essenual
Financial plans for information technology organizations
have to be based on a technology plan.

Effectiveness of Institutional Processes

There is a great temptation to try to enhance efficiency of
activities through the application of information technology
without first reviewing whether the activities themselves are
effective, or even necessary. Imagine, for example, an institu-
tion wanting to make the management of forms more efficient
by implementing electronic forms and authorization methods.
Uponinspection, the institution would probably find that many
forms used are based on obsolete and convoluted administra-
tive processes. Before expending funds in the computerization
of forms, the institution ought to first review the processes and
make them more effective. Only then will an information
technology innovation produce overall productivity gains. Or,
imagine an electronic studentregistration process that does not
relate the number of students enrolling with class availability
(the author knows of an institution where this is the case!). At
registration time, students will bring the system down by
repeatedly trying to get into the few available classes. The
institution will not solve the students’ problem by augmenting
the computational power devoted to the registration process
unless the footwork to make the process effective has been
done in advance.

There is a need to set up planning activities crossing
departmental boundaries that enable ongoing reviews of such
processes. Involvement of information technology staff in this
review process is essential.

Technology Management
Role of Central Computing Organizations

In the past, central organizations were responsible for the
implementation of technology solutions whereas today they
are more involved in creating infrastructures within which
users can implement their own solutions. Central computing
organizations have to work closely with end-users to make
this happen.

For example, a data communications backbone network is
a campus-wide infrastructure which is best managed by a
central organization. Management of distributed LANS, how-
ever, is bestdone by the departments concerned, as application
of information technology at this level must be tailored to a
department’s specific needs. Of course, collaboration with the
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users is necessary to ensure appropriate connections between
the backbone and the L ANs and between end users and the
wider world of networking. .

Ina similar way, management of institutional data should
be shared with the users. Based on user input, a central
organization can take leadership in establishing standards for
storing and accessing data and in providing users with tools
that make for easy manipulation of data. The users can then
access and use the data at their convenience without having to
rely on a central organization for data processing. Ensuring the
security of institutional data and its integrity are, however, in
the rightful domain of a central organization.

Economies of Scale

Applying economies of scale to information technology
enhances productivity substantially throughout the whole
institution.

Sharing Expertise

Computer literacy is common today. Many departments
are hiring their own computer support staff and computing
expertise is spread all over the campus. To capitalize on this
human investment, sharing of expertise is important. Facilitat-
ing communication among computer experts throughout the
campus and creating communication vehicles helps dissemi-
nation of knowledge. A central computing organization can
provide the infrastructure for this to happen.

Sharing Resources

Computing resources are spread all over the campus as
well. There are tools today that make sharing of some of these
resources possible. For example, the combination of a high-
speed campus backbone network and implementations of
distributed computing paradigms such as PVM (Parallel Vir-
tual Machine') allow the sharing of “workstation farms” among
users at various locations around the university.

The tools alone, however, are not enough to make sharing
of workstations happen: an environment has to be created in
which users seck collaboration, offer their workstations to the
farm, and agree to adhere to some rules of usage. A central
computer organization can provide the leadership to establish
such an environment.

Coordinating Purchases of Computer Equipment

Users often negotiate their own purchase and mainte-
nance contracts with equipment vendors. Campuses that
coordinate vendor relations, establish site licence agree-
ments, and purchase equipment in bulk, can benefit from
substantial cost reductions. In order to do this, coordination
with users is necessary; a central computing organization is
best positioned to do this.

Human Infrastructures
Examples have been given of functions extending beyond
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traditional organizational boundaries which enhance informa-
tion technology as a productivity tool. Some of these functions
are best driven by central computing organizations, some by
users and departments, and others do not fall under the mandate
of computing at all. We have seen, for example, that review of
administrative processes throughout the institution is neces-
sary, and best driven by senior university administrators.

To make good decisions today, many units must manage
an extended enterprise. For computing organizations, the real
challenge is not simply to create the technological infrastruc-
tures, but to establish human infrastructures to ensure that
technology is applied wisely. At the University of Alberta,
Computing and Network Services (CNS) has started to man-
age an extended enterprise. Some of the human infrastructures
we have established are described below.

Planning Groups

Two planning groups have been established to help us
formulate and periodically review our strategic plan, Network-
ing Computers and People on Campus and Beyond, published
in February 1992. One planning group consisting of the Uni-
versity president and vice-presidents helped us formulate our
mission statement and high-level goals. The second planning
group, consisting of representatives from faculty and adminis-
trative units, helped us formulate strategies.? We expect to
review the strategies yearly with this group.

We have also created a group to help us formulate plans for
the manipulation of institutional data. The project is too big for
us to handle alone, so the planning group includes representa-
tives from faculties, departments, various administrative units
as well as students. The plan we have formulated with this
group calls for senior administration to set up inter-departmen-
tal task forces to review administrative processes.

To ensure that our planning activities result in a unified
and coherent whole, a CNS intemal planning group has been
set up to formulate an overall technology plan. Setting direc-
tions for various fields of technology, such as the future of
mainframes, electronic mail strategies, distributed printing,
and so on, the technology plan is distributed to the campus a
chapter at a time after extensive review by advisory commit-
tees (described below). The internal planning group includes
CNS representatives with expertise in different fields of infor-
mation technology.

The University of Alberta is currently formulating a
strategic plan for the University. CNS has been asked to
comment on preliminary documentation produced by a strate-
gic planning task force composed of University staff and
members of the Board of Govemors. We hope to become more
involved in this process.

Advisory Groups

Advisory groups are being created for networking, in-
structional computing, research computing, information sys-
tems, and technology standards. The groups include represen-
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tatives from the university community and are advisory to the
Vice-President (Student and Academic Services), Dr. Lois
Stanford, to whom CNS reports. CNS uses the groups to
present plans in the relevant fields of technology, to help CNS
promote new directions to the campus, and to help collect and
disseminate knowledge throughout the university. For ex-
ample, we are collaborating with the networking advisory
group to train the computing support staff of faculties and
administrative units on how to connect departmental LANs to
the campus-wide FDDI backbone network.

Service Representatives

We have had requests, especially from the research com-
munity, to help users with the day-to-day management of and
future planning for their computing equipment. Some CNS
staff have therefore been given the duties of a service represen-
tative and are assigned to individual departments to help with
these tasks.

Service representatives have the goal of understanding the
current and future computing and networking needs of their
designated client departments. They are encouraged to per-
form regular walk-abouts to collect and resolve issues, and to
help departments with their computing plans. Service repre-
sentatives participate in all computing-related meetings in
their assigned department; they may establish lines of commu-
nication with other departments if there is a need to resolve
common problems. Service representatives also describe de-
partments’ use of computing in written portfolios which are
published regularly in the CNS Dispatch newsletter, providing
anopportunity for departments to leam from each other. Sofar,
we have started a pilot service representative project covering
five departments. We will extend the project once we are
comfortable that value is being added toour clients’ computing
and networking activities.

User Interest Groups

Users in different departments often share a common
interest in a specific area, e.g., a type of workstation, graph-
ics, or statistical analysis. User interest groups help such
people to interact and fruitfully collaborate. We intend to
assign a CNS facilitator to each user interest group, with the
assignment to monitor user interests, problems, and require-
ments. We are currently developing electronic mailing lists
for each user interest group, so that interaction among users
can occur more frequently.

For the IBM RS/6000 interest group, we have assigned not
only a facilitator, but also a CNS system analyst to look after
the workstations. The CNS system analyst helps users manage
their equipment and helps set up communication links between
users in different departments. He also provides a liaison
between the users and the vendor. Favorable contracts with the
vendor have been negotiated for the users using economy of
scale concepts. We intend to extend this service to other user
interest groups.
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Extended Help Desk

To harness the computer expertise available on campus,
the CNS help desk has started a project to create and manage
an extended help desk. Computer support personnel in facul-
ties and administrative units have been invited to collaborate in
providing help desk functions to the campus. The project will
involve training, development of common documentation, an
organized approach to problem resolutions, and keeping the
campus appraised of computing and networking issues.

Computing Environments

We are in the process of creating other inter-departmental
computing environments. For example, we want to use two of
the 24 strands of the FDDI fibre optic backbone to connect
researchers’ computers to a farm of advanced workstations we
are building using PVM. Currently, the University of Alberta
has 750 advanced workstations on campus. To make this
happen, agreement among researchers to adhere to some
common administrative guidelines is essential.

Extended Enterprise is Incomplete

We have only started to create an extended enterprise for
computing and networking. Many human infrastructures are
still missing. For example, inter-departmental task forces
aimed at reviewing administrative processes have not been set
up yet. Senior university administration is, however, very
supportive of the idea and we are confident that this is going to
happen soon.

Measuring the Magic

It is difficult to measure the productivity gains resulting
from information technology, but we will attempt some mea-
surements soon at the University of Alberta. In our strategic
plan, Networking Computers and People on Campus and
Beyond, CNS has identified objectives, short-term indicators
of success in moving toward the high-level goals of the plan.
These objectives are formulated in tenms of numbers, such as
percentages and increases; or, in terms of perceptions gathered
through opinion surveys or evaluations. Here is an example
from our plan of a high-level goal and its objectives:

Services
Goal .

To provide a range of services, by December 1994, which
meet the needs of our clients so that they can have a competitive
edge over those at or from other organizations.

Objectives

* Measure ona yearly basis the change in the number of new
services offered, and the number of out-dated services
deleted.

* Increase the number of services that are highly-rated in
the annual survey and increase the overall rating we
achieve on all services.
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e Measure user perception on a yearly basis to determine
how well CNS services enable our clients to excel in being
competitive with their peers.

' PVM is public domain software developed by Dongarra
and Geistat Oak Ridge National Iaboratory and the University
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of Tennessee. A number of similar commercial products are
also available.

? A description of the planning process was published in
the proceedings of CAUSE ‘92 (Dec. 1 - 4, 1992), in the paper
“Computing Services Planning, Downsizing, and Re-organi-
zation at the University of Alberta.”



Paper (M1.7c)
Creating Multi-Y ear Student Schedules Using
Artificial Intelligence

David L. Parker
Salisbury State University
Salisbury, Maryland

Abstract

Curriculawith multiple prerequisites (and often with prerequisites to the prerequisites) make planning multi-year schedules
Jor students a difficult task. When we include departmental two-year and/or three-year plans for offering many courses, planning
student schedules becomes a nightmare. Long-range student schedules are constantly in need of revision when students change
their plans, when departments revise their offerings, or when requirements change. Faculty (and other) advisors, guided by their
own experience, usually help students plan one semester in advance, trying to satisfy as many requirements as possible, in the
hope that everything will work out by the student’s last semester. Important requirements are often missed or are not taken early
enough in the student’s academic career, and exceptions have to be made in order to allow the student to graduate.

The Al software to be demonstrated at this conference, and described in more detail in this paper, neatly corrects these
problems. No matter how complicated the student’s situation, and no matter what the student's major, this software will determine
all possible ways, if any, to schedule a student to complete requirements. It also provides the student and advisor with “good”
schedules for planning.

The source code, written in a version of Prolog, and executable code for IBM PC-compatible microcomputers

are available upon request.

Introduction

Nearly everyone who has served as a student’s advisor has
been forced to create a semester-by-semester list of courses for
the student—a list which, if followed, would allow the student
to satisfy graduation requirements. In some disciplines this is
a routine exercise and requires little more than tabulating
sufficient courses of particular types so that requirements are
met. However, in highly-structured curricula (such as math-
ematics, physics, nursing, business, engineering, etc.), there
are two main complications: 1) many courses have multiple
prerequisites (which themselves have more prerequisites), and
2) many upper-division required courses are not offered every
semester but are scheduled to be offered only during specific
semesters. (Anecdotal comments from colleagues at other
institutions persuade me that offering courses once-a-year or
once-every-two-years is becoming something of a norm, par-
ticularly since we are all in fiscally lean times.) These and other
complications, which I will detail later in this paper, make
schedule-planning an intricate, difficult, nearly impossible
task in such curricula.

To help illustrate this problem, I have enclosed a partial
list of requirements for the Mathematics Major with a Com-
puter Science Concentration from my own institutionin Figure
1. After examining the requirements shown in Figure 1, we
consider the following question: If a student is taking MATH
201 and COSC 120 in the 1993 spring semester (and has taken
noother courses shown), what is the best collection of semester
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schedules for the student if she hopes to complete all of the
requirements on Figure 1 by the end of the 1995 spring
semester? Assuming she can doit, what options does she have?

One answer is, of course: 1993 fall semester take MATH
202, PHYS 221, and MATH 210; 1994 spring semester take
MATH 310, COSC 220, and COSC 250; 1994 fall semester
take MATH 413, COSC350; COSC 303, and MATH 306; and
1995 spring semester take MATH 414; COSC450,and MATH
311. The student’s few long-range scheduling options will
likely be eliminated once additional graduation requirements
are included.

In fact this is just the tip of the scheduling/advising
iceberg. The Mathematics major offers three other options
(besides Computer Science), and each student may choose;
with certain limitations, either the “old” requirements for each
option or the “revised” requirements in the latest University
Catalog. Moreover, because of curricular revisions, some of
the courses listed in earlier catalogs no longer exist, and
approved substitutes for them must be chosen. Some courses
have pre- or co-requisites. Many of the requirements, as in
Figure 1, represent a choice from between two courses or
from among as many as eight courses. A few courses require
students to be in their third or fourth years. Faculty leave or
take sabbaticals and do not teach scheduled courses. Finally,
with a majority of the upper-level courses offered only once
each year or once every two years, planning a student’s
academic career becomes an herculean task!
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Additionally, as every advisor knows, no student stays on
the original plan, anyway. So new plans are made each semes-
ter, taking into account the student’s successes, failures, new
interests, personal choices, etc. Even though a department has
a two-year plan for offering courses, faculty are constantly
(and properly) tampering with the curriculum, and it is likely
that a perfectly adequate student plan will be destroyed when
a single course is offered, for example, in the 1994 spring
semester rather than in the 1994 fall semester. Each student’s
plan must be reviewed—and likely revised—each semester.

This scheduling problem is reminiscent of the “classic”
scheduling problem in Artificial Intelligence, described nicely
in Bratko (pp. 293-298) and in Malpas (pp. 194-197 and pp.
293-298). The standard problem concerns an exercise such as
constructing an office building. Certain tasks (such as pouring
the foundation) must be done before others, but there is some
flexibility in terms of the scheduling of other tasks (such as
electrical wiring, plumbing, or painting). Depending upon the
imposed constraints, we might try find a schedule which would
minimize the total construction time, or, if we are keeping track
of various expenses, we could schedule to minimize the total
construction cost.

The academic scheduling problem is similar, but there
are important differences. For example, we have both a
student-specific number of work periods (semesters) and a
variable number of tasks (courses) to be scheduled in each
one. Additionally we have both student-specific constraints
as well as variable systemic constraints (two-year schedule of
classes, prerequisites, etc.). Finally, rather than scheduling to
minimize total time or cost, we are generally scheduling to
spread the total number of courses evenly throughout all of
the student’s semesters.

The Program and Main Algorithm

Prolog utilizes lists as its fundamental data type, so this
scheduling problem can be stated something like this: Using an
appropriate database, find all possible schedules which would
allow the student to complete requirements. Each such sched-
ule should be a list of semesters, with a list of courses for each
semester, with the requirements distributed relatively evenly
through the semesters. Display and/or print as many of these
schedules, in a convenient format, as is desired.

The “appropriate database” is rather elaborate, containing
atleast 1) a list of requirements for each curriculum option, 2)
an interactively-updated list of courses which the student has
taken or is taking, 3) a list of courses showing when each will
be offered, and 4) a list of prerequisites for every possible
course. Fortunately Prolog allows these lists to be written in
fairly readable form (although specific dialects of Prolog will
deviate slightly from the examples shown here). For example,
the requirements in the Mathematics Major with an Option in
Computer Science, largely shown in Figure 1, can be stated
in Prolog as follows: “required( ‘Math Major, Option in
Computer Science’, [ (math,201), (math,202), (math,306),
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(math,210), (math,310), (math,311), (cosc,250), (cosc,220),
(cosc,350), (cosc,450), (math,413), (math,414), (cosc,303),
(phys,X) 1) :- X = 121 or X = 221.” If the student has taken
MATH 201 (a 4-credit course), then we would have
“taken(math,201,4).” in the database. MATH 306 is a three-
credit courses offered every fall, and that is written:
“offered(math,306, Linear Algebra’,3,fall,_).” MATH 414,
a three-credit course, is offered in the spring of each odd-
numbered year, and that appears as:
“offered(math,414,’Mathematical Statistics II',3,spring,X)
:- X mod 2 = 1.” If a course has any prerequisites, then they
are listed, for example (see Figure 1):
“prereq(cosc,303,[(math,202),(cosc,120),(phys,X)]) :- X =
121 or X =221

The program prepares a list of semesters during which the
student will be in attendance and a list of required courses for
the curriculum which the student has chosen. Courses already
taken (or being taken) by the student are removed from the
latter list. The program then moves through the list of remain-
ing required courses, scheduling each one in the earliest
possible semester. When it succeeds, the program displays the
resulting list of semesters and courses. Subsequent lists are
produced by backtracking.

The main algorithm is that which schedules the courses.
As the algorithm removes each course from the list, it checks
to see if the course has already been scheduled. If so the
algorithm moves on to the next course in the list. If the course
needs to be scheduled, the algorithm finds the first semester in
the list that 1) does not already have too many courses sched-
uled, 2) is a semester in which the student will be a junior or
senior (if that is a requirement), 3) is a semester when the
course will be offered, 4) has all of the course’s prerequisites
scheduled in preceding semesters, and 5) has all of the course’s
corequisites scheduled in the same semester. If the algorithm
cannot fit the course into the schedule, the program backtracks
to the last course scheduled and places it in another semester.
If necessary, the algorithm backtracks again (and again, etc.).
Once it puts the course into a semester, the algorithm returns
to the list of required courses to schedule the next course in the
same manner.

Prolog has automatic backtracking and is totally recursive,
so this code will find solutions, if they exist. Strategies for
improving the Prolog code in scheduling are discussed in Rowe,
Chapter 13. Sterling and Shapiro also suggest numerous ways to
improve the Prolog code. The main optimization which I found
useful is noted below under “Effectiveness of the Program.”

The Prolog code for the main algorithm appears in Figure 2.
“Semester” is the number of the semester under consideration.
“Maxsemester” is the highest-numbered semester which the
studentcan use. “Maxhours” is the maximum number of required
hours allowed to be scheduled in any semester. “sem_num”
simply provides information about the semester from the
database. “check_standing” verifies that the student is a junior
or senior (if that is required). “check_prereq” and
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schedule([(Dept,Num)IRest],Semester, Maxsemester,Maxhours) :-
Semester <= Maxsemester,
scheduled(Dept,Num,_,Sem),
Sem <= Maxsemester, !,
schedule(Rest,Semester,Maxsemester,Maxhours).
schedule([(Dept,Num)IRest], Semester, Maxsemester,Maxhours) :-
Semester <= Maxsemester,
sem_num(Sem, Yr,Semester,_),
check_standing(Dept,Num,Semester),
offered(Dept,Num,_,_,Sem,Yr),
check_prereq(Dept,Num,Semester, Maxsemester,Maxhours),
.check_coprereq(Dept,Num,Semester,Maxsemester,Maxhours),
add_in([(Dept,Num)],Semester,Maxhours),
schedule(Rest,Semester, Maxsemester,Maxhours).
schedule([(Dept,Num)IRest],Semester,Maxsemester,Maxhours) :-
Semesterl is Semester + 1,
Semester] <= Maxsemester,
schedule([(Dept,Num)],Semester]l Maxsemester,Maxhours),
schedule(Rest,Semester,Maxsemester,Maxhours).
schedule([(Dept,Num)IRest],Semester,Maxsemester, Maxhours) :-

schedule([],_,_,_) :- \.

nl,nl,write(‘ Impossible to schedule *),
write(Dept),write(* *),write(Num),nl,
schedule(Rest,Semester,Maxsemester,Maxhours).

Figure 2. Prolog code for the main algorithm

“check_coprereq” check to be certain that pre- and co-requi-
sites have been scheduled prior to (or during, if appropriate) the
semester being considered. “add_in” actually places the course
in question into the list.for the semester.

The Program in Action

Certain information must be entered before the program
can schedule a student, and the student must make certain
decisions. All of these actions are done interactively from a
menu of choices, in color:

1. The student indicates the year of the catalog which con-
tains the graduation requirements he/she plans to satisfy.

2. The student selects a program of study from among those

 in that catalog..The program adds the appropriate file to
the database.

3. The student enters his/her name and identification num-
ber. If he/she is already on file, then “old” data on the
student is retrieved and used in the next step.

4. The student is asked to indicate which courses, from
among those required, that he/she has already taken or is
taking now. Old data from step 3 saves time for students
who have used the system before.

5. Thestudentindicates in which semesters he/she plans tobe
in attendance at the institution. ‘

6. The studenteither has the program go on or he/she returns
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to any previous menu to adjust the choices already made.

7. The student indicates the maximum number of required
credit hours he/she wants to take in any one semester. The
program then prepares a schedule for the student. .

8. Aseachscheduleisdisplayed on the screen (see Figure 3),
the student chooses to print a copy (or copies) or it, save
the schedule to a disk file, or produce another schedule
(throughbacktracking). The student can also return to step
7 to see if changing the maximum number of required
credit hours will make significant scheduling differences.

Effectiveness of the Program .

For a couple of semesters I have been field-testing the
program during student advising sessions. The slowest sched-
ules were produced after a wait of nearly one minute, for a
particularly tricky case, while using an old 80286-equipped
machine. Other than that anomaly, the program prepares
excellent schedules in a matter of a few seconds, and I was not
able to duplicate—or verify the correctness of—the program’s
schedules in less than four or five minutes. One of the first three
schedules produced by the program has appeared to be “opti-
mum" in every case; subsequent schedules have had too many
courses scheduled in certain semesters.

The program was written to run on IBM-compatible
PC’s because of their widespread availability. The difficul-
ties with linking this program to the University’s mainframe
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(and its student academic records) were simply too difficult
to overcome,

I am in the process of expanding the use of the program to
the entire department, and I am also making it available for
students to use without faculty help. The basic Prolog sched-
uling algorithm is not changing appreciably, but the user
interface is being made more attractive and user-proof. I am
also preparing code that will interactively create the databases
necessary for other disciplines to use this program. Within six
months this program will be available (and likely in use) in
departments throughout the School of Science—and possibly
in the School of Business and the School of Nursing as well.

The program is both most efficient and produces the best
schedules when the list of requirements in the database is
prepared in approximately the order one would normally
expect a student to take them. In other words, by listing the
lower-level courses first and by putting the upper-level elec-
tives last, the program is most easily able to perform its
function and most quickly produces optimal schedules. Of
course, no matter how we order the requirements, the program

* .will eventually find all possible schedules—including the

elegant ones!

Two anecdotes are worthy of note. In early testing of the
program, I neglected to list a required course for one of the
curricula. However, since this course was a prerequisite for a
later required course, the program correctly scheduled the
“missing” course when it checked the later course for its
prerequisites. The program was thus able to correct my omis-
sion! In a second case, I changed from a maximum of seven
hours to ten hours per semester, and the next schedule con-
tained a non-required course in the first semester. I was certain
that something was wrong—and then noted that this allowed a
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course with a variety of prerequisites (including the surprise
course!) to be taken a year earlier than was possible if we
restricted ourselves strictly to “required” courses. The pro-
gram produced an efficient schedule that would likely have
never occurred to any advisor!

Copies of the Code

Copies of the (latest) complete Prolog code and/or execut-
able code for IBM PC's are available upon submission of a
formatted 3 1/2" diskette to the author. .
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MATH 201 CalculusI
MATH 202 Calculus II
MATH 310 Caiculus III

PHYS 221 Physics I

These required courses have already been taken (24 credits):

COSC 120 Computer Programming I
COSC 220 Computer Programming II .

These required courses are being taken (12 credits):

Schedule #1 for Mathematics/Computer Science Concentration
Horace Witherspoon

Prepared 9/23/92

Spring Semester 1993 10 Hours in the Major
4 Credits MATH 210 Discrete Mathematics 3 Credits
4 Credits : MATH 311 Differential Equations I 4 Credits
4 Credits MATH 414 Mathematical Statistics II 3 Credits
4 Credits
4 Credits Fall Semester 1993 9 Hours in the Major
4 Credits COSC 350 Software Systems I 3 Credits

COSC 420 Data Struct. & Alg. Analysis 3 Credits
MATH 465 Math. Models & Applications 3 Credits

Every Semester

COSC 250 Microcomputer Organization 3 Credits
COSC 303 Scientific Computing 3 Credits Spring Semester 1994 9 Hours in the Major
MATH 306 Linear Algebra 3 Credits COSC 450 Software Systems II 3 Credits
MATH 413 Mathematical StatisticsI . 3 Credits COSC 456 Advanced Computer Hardware 3 Credits
MATH 471 Numerical Methods 3 Credits
Figure 3. Sample Output from the Program
(Trig) (cosc 110)
Not required
l .............. Required
MATH 201 cosC 120
Calc I Prog I
Cae I . |
o0y
MATH 210 ©cosc 250
Discrete Architec
(spring) (Fall) r
MATH 202 cosc 220 PHYS 121|OR|PHYS 221
Calc I1I Prog I1I Intro |<>] PHYS I
[ X ] (sPrlnq) tt- - [ 1] |
OR
— l
MATH 306 MATH 310 cosc 350 cosc 303
Lin Alg Calc III soft I Scientif
(Pall) e L (nn)l (Fall)
]
MATH 311 MATH 413| |cosc 450
Diff Bq stat I soft II
(spring) (Bven (Spring)
Pall)
’ MATH 414
es Offered stat II

(0dd spring)

Figure 1. A prerequisite tree showing selected mathematics (MATH), computer science (COSC), and physics (PHYS)
courses required in the Computer Science Concentration within the Mathematics Major at Salisbury State University. A
course is a prerequisite for a course below if there is a line connecting the two courses, ignoring crossing lines. Also shown
are the specific semesters a course is offered (e.g. “Odd Spring” means the spring of 1993, 1995, etc.).
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Paper (M1.7d)

A Management Information System

for Effective Schools

Donald N. Mclsaac
Wisconsin Center for Education Research
University of Wisconsin-Madison

Overview
. One attribute of effective schools is frequent and consistent
monitoring of students’ progress. This has been a stumbling

block in many school improvement efforts. One reason is that .

most teachers receive little training in evaluation and assessment
in their programs of preparation and thus are uncertain as to how
tointerpret data on student progress and to use such data to guide
their decisions concerning classroom practice. Another reason is
that in most larger school districts data are collected to meet the
needs of the central office, not the needs of persons at the school
site. A third reason, related to the first two, is that the data
maintained in central office databases often are not those that
would be most useful in guiding school and classroom level
decision-making and even when such data exists, reports often
are not available when they are needed. The Management
. Information System for Effective Schools (MISES) was devel-
oped to provide a simple, cost-effective, yetsophisticated way of
gathering, storing, accessing, and using data to guide instruc-
tional decision-making at the school site.

The application of computer technology to instructional
management has deep roots at the University of Wisconsin-
Madison. MISES has its roots in the WIS-SIM (1972-1976)
project of the Wisconsin Research and Development Center
for Cognitive Learning, which was developed in response to
the need to find computer-based management solutions for
Individually Guided Education (IGE). This was followed by
the development of MICRO-CM], an implementation of WIS-
SIM for the microcomputer. The development of MICRO-
CMI provided the basis formanagement software marketed by
Addison Wesley and Scott Foresman. These instructional
management systems were packaged and sold with K-8 cur-
ricular materials in math and reading.

Building on experience gained in these earlier efforts, the
MISES program was designed to accommodate a variety of
curricular types, models, and efforts. It captures data about
- educational objectives, instructional skills, program outcomes,
test scores, or other items that may be important in assessing
student progress. If a management information system is to be
effective, it must be simple to operate, provide ready access to
prospective users, be maintained properly and updated regularly,
and be accompanied by a training program to facilitate learning
about its use. The MISES program meets these criteria.
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Experience with MISES indicates that the program may
be employed in at least three ways. First, it can be used to
accomplish administrative tasks , for example, to produce
student lists and ad hoc reports. The reports generated by the
program can be easily included in other documents because
MISES is directly linked to a word processing program.
Second, the program can be used to provide information
regarding individual student progress, mastery of specific
objectives, and assessment scores. These data can be pre-
sented in reports to individual students or their parents, or
they can be used to prepare reports that reveal strengths and
weaknesses in the instructional program which, in turn, can
inform decisions made by individual teachers, teaching teams,
or a school improvement team. Third, the program is inte-
grated with a powerful array of analytical tools which enable
teachers or administrators to conduct research on learning at
the classroom or school level.

In our work with the pilot schools, we have learned
several things about implementation of the MISES program
at the school site.

1. The MISES program should be implemented on a pilot
basis. Each implementation site should have at least one
individual who has a good understanding of computer
operation and the DOS operating system who can provide
assistance and support to the school staff.

2. A facilitator should be available to guide teachers as they
leamn how to use data to do their own analyses. Although
very few classroom teachers now have these skills, they
are easy to learn if teachers receive instruction and guid-
ance in their initial efforts.

3. Theresultsofanalysis of data and its interpretation should
be provided to teachers who use the information to decide
what adjustments should be made in the program.

Administrative Uses

The MISES program connects to a report writing program
that provides users with the ability to generate a variety of
reports, lists, and other useful summaries of data. Any field
from any file within MISES may be displayed in a report, or
used to define or delimit the reporting of other fields. Practical
uses abound. For example, a user may wish to disseminate a
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letter to parents of students in the fifth grade who ride the school
bus. With relative ease one may use the MISES report writing
capability to choose addresses of only bus-riding fifth graders.
The user may then save the addresses in amailing label formatas
well as in amail merge format. The body of aletter may be created
in the word processing application of the user’s'choice and
merged with the addresses to create the final letters. The variety
of reports available are limited only by the user’s needs or
imagination: birthday lists, lists of student class members, names
of students on district bus routes, to name a few.

Instructional Management Uses

MISES provides users with several tools to streamline
instructional management tasks. These tools vary in their
comprehensiveness, ranging from simple grade reports to data
analysis matrices. Instructional management involves the in-
put of student-related data and the output of reports that
provide valuable information that grades alone cannot provide.

MISES allows users to enter into a file information about
student outcomes on curricular items for which students are
held accountable. Other information related to student perfor-
mance on specified outcomes may be stored in another file.
The intersection of these two files can be used to prepare
various reports for users (discussed below). Of course, users
may also input data about individual student characteristics as
well as create, alter, or rearrange groups of students.

The curricular or outcomes file allows the user to enter a
hierarchical sequence of outcomes in a process not unlike that
involved in constructing an outline. The top of the outline
identifies the broadest category, with increasingly specific cat-
egories following in subsequent levels. A sample of outcomes for
kindergarten mathematics is displayed in Figure 1. As shown, the
“Grade Level” for kindergarten is designated as zero. The
“Program Outcome” known as number sense is designated as a
1. The two “Core Outcomes” known as count and pattern are
listed as 1 and 2 within the subject number sense.

The database files containing the student names and the
curricular outcomes intersect in the grading file. In the
grading file, MISES users may enter standard letter grades or
other notations that reflect the student’s status on a given
outcome. A sample of the grading input window is shown in
Figure 2. In order to reflect mastery on a given outcome, the
letter “M” has been entered and the raw score, if applicable,
has also been entered. '

Research Applications . _

MISES has a rich potential for “in-the-school research,”
or “experimentati on in the classroom.” Data stored in the
program database can be employed to address a variety of
questions of interest. For example, the effect of automobile
ownership on the performance of high school students is
generally a matter of more than passing interest. Start with the
question, “Is there any difference in the achievement scores for
students who own cars when compared with those who do

Figure not available at press time

Figure 1. Curricular Outcomes Display Table

Figure not available at press time

Figure 2. Grade Score File Window

not?” Using the MISES program, coupled with the MINITAB
statistical program, we have an easy method of addressing this
question. First, we select the data items to be used in the ana
lysis. They are achievement and car ownership. (This assumes
that the student record contains information about car owner-
ship.) Second, we produce the following statistical table and
finally we determine from the data that there is a difference in
achievement far beyond what we would expect to encounter by
chance alone. Table 1 shows the results.

The analysis of variance table clearly indicates that the
difference between the average scores of those who own cars
and those who do not (91.12 vs. 107.42) is not likely to be a
chance difference. It does not show that owning a car is the
reason for the lower performance, but it does suggest that the
students who own cars are likely to demonstrate lower perfor-
mance. The graph indicates the groups are different. The
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probability (labeled p in the top part of the table) indicates that
one wouldexpect to seea difference thislarge less that one time
out of 1000 by chance. Therefore, we may conclude that this
difference is not due to chance.

Figure not available at press time

Table 1. Analysis of Variance on Achievement of
Students Who Own Cars :

Figure not available at press time

Table 2. Analysis of Variance on Math Scores at the End
of the Instructional Period

Probably the most important question a teacher can ask is,
“How is this particular instructional program doing?” One
pilot school district with which we worked engaged in the
development of an outcome-based math education program.
After the effort had been underway for a period of six months
the teacher responsible for the Sth grade math program col-
lected math test data on the students who were involved in this
program. These students had been randomly selected fro m a
pool of Sth grade students so the following comparisons could
properly be made . (Random selection ensures that the two
groups are much alike prior to the experiment.) The result of
the six months of instruction using the new method is com-
pared with the standard method in Table 2.

The graph in Table 2 indicates that group 1 scores were
higher at the end of the instructional period but the difference
is not statistically significant. The probability, .126, indicates
the one would expect to find a difference this great 13 times out
of 10 0 by chance alone.

3 Magic of Technology

Hardware and Software Requirements
The MISES program operates on any MS-DOS compat-
ible computer with the following specifications

Minimum Recommended
Memory 640KB 2MB
CPU 8086 (slow) 286
Mass 30MB 40MB
Storage
Monitor Mono Color
Printer Epson FX850  Epson FX850
Network Not Required  Possible
Scanner Any Scantron  Any Scantron
Modem 1200Baud 2400/9600Baud

The program will operate either on a network or on a
dedicated machine. Some problems may be encountered
when running on a network because the program requires a
large number of files to be open simultaneously. The system
administrator should know how to accommodate this. Unless
the system is to be accessed from a variety of locations, it is
not neces sary to run it on a network. However, all the
necessary record locking routines are included in the program
and it will run on any DOS compatible network. It has been
intensively tested on a Nove 11 3.15 network, which was the
development environment.

Theoretically, the program will run on any DOS 2.0
system or higher. It has been run most extensively on DOS 3.1
or higher. The program utilizes the Clarion Report Writer to
provide ad hoc report generation and can be used with either
the Clarion Professional or Personal Developers to provide
additional program capability. The output files are specifically
designed to run with Minitab, but with nominal editing they
can provide data input for any statistical or graph producing
program (SPSS, BMDP, SAS, etc.). Since the transfer is
through ASCII files, itis also possible to enter the datainto any
program or system that can accept these files . The recom-
mended inferential statistics package is Minitab.

Training Available

Four-day workshop on administrative uses of MISES,
including file management, database use, and streamlining
administrative tasks. Five-day workshop on instructional man-
agement and research uses of MISES, including instructional
analysis, data-enhanced decision making, and research design.
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Projects (M1.8)
Teacher Training

A Classroom Instructional Technology Center Can Revolutionize Learning and Teachmg
Robert H. Reeve, John W. McBride, and Ernesto M. Bernal :
University of Texas

Edinburg, TX

Carl L. Hoffmeyer
Edinburg Consolidated Independent School District
Edinburg, TX

M. Akraam Rana
Weslaco Independent School District
Welasco, TX

Ron Pontius
Region One Education Service Center
Edinburg, TX

Abstract

Last summer at the University of Texas - Pan American, ten elementary teachers enrolled in two graduate courses, one in
technology dealing with the broad spectrum of media and technology systems with an emphasis on a portable notebook computer,
and other course in science teaching. The teachers brought their PowerBook 170s, supplied by their ISD’s, to the classroom and
tied-in with the Classroom Instructional Technology (CIT) Center. The planned CIT Center consisted of aMacintosh PowerBook,
a telephone line, inputs from a printer and a 27" multimedia monitor. This past academic year each of the teachers developed a
CIT Center in their respective elementary classrooms. With this technology, the necessary software, and a classroom telephone
line, the teachers and their students were able to receive, make, store, retrieve, and presentdiagrams, charts, lesson plans, handouts,
spreadsheets, databases, reports, transparencies, slides, pictures, sound; and video. This is a new approach to learning and
teaching.

Making Multimedia Multiply: A Teacher Training Project with CD-ROM
Denise Shorey

Jefferson County Schools

Wheatridge, CO

Catherine Williams
Jefferson County Schools
Wheatridge, CO

Abstract
A Carl Perkins Grant in Jefferson County-Schools has been designed to train teachers to work with multimedia. This project
involves initial training sessions with teachers and then a reinforcement module requiring teachers involved to model what they
have learned by teaching to a group of students. - The final multimedia products from both teachers and students are collected and
distributed to every participant on a CD-ROM. This CD-ROM can beé used by students and teachers for ideas, examples and
inspiration as they continue to use multimedia in their classrooms.
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Model for Creating a Computer-Using Teacher Education Faculty
Neal Topp, Denise Schmidt, and Ann Thompson

Iowa State University

Ames, IA

Many preservice teacher education programs are attempting to incorporate educational technology into all facets of their
program. To facilitate technology integration in education courses, many teacher preservice institutions are trying to provide
the teaching faculty with the equipment and training to use technology effectively.

One of the goals of the Department of Curriculum and Instruction in the College of Education at Iowa State University is
to integrate computer-related technologies in general education courses. In order to meet this goal, the departinent is in the
process of implementing a three year plan aimed at providing all faculty with experiences so they can appropriately integrate
computer-related technologies into their instruction. The plan contains four major elements:

1. Providing computers and networking for all faculty and their classes.
2. Providing voluntary workshops for all faculty.

3. Providing support for answering faculty questions.

4, Providing support and models for classroom integration.

A “computer culture” is growing among the faculty who now talk computers in the hall, share ideas for using computers
in classrooms, solve problems for each other, and ask students for help in solving problems. Increasingly, faculty members
are using computers and computer-related technology in their teaching. By the end of Year 3, it is expected that computer-
related technologies will be used as routine tools to expand and enhance each course in the teacher education curriculum.
With the successful implementation of this model, students will experience effective use of educational technology and will
graduate with a clear vision of how technologies can improve the leaming process.

Cooperative Groups: Conjecturing and Technology in the Geometry Classroom
Nancy Zarach :

Nottingham High School

Syracuse, NY

Pat Tinto
Syracuse University
Syracuse, NY

Barbara Shelly
Westhill High School
Syracuse, NY

Abstract

This presentation addresses issues connected with the integration of computers into the teaching and leaming of geometry
in the secondary mathematics classroom. It focuses on students’ interactions within specific instructional formats using
cooperative group work and the process of conjecturing, and how these interactions shape students’ perceptions about
leaming mathematics.

It is our hypothesis that students’ beliefs about mathematics, and therefore their learning of mathematics, is conditioned
by their experiences within the classroom. This study thus relies on two theoretical frames of reference, constructivism and
- social interactionism. The study is also concemned with allowing teachers as researchers to better understand how instruc-
tional strategies and the use of technology come to shape student leaming of mathematics.

Project documentation includes the use of audio and video tape for both students and teachers. The presentation will
address the project findings using the role of the teacher, role of the student, role of technology, role of mathematics, and
role of group work as a discussion framework.

This project is a non-commercial venture; it is part of an NSF SGER funded project for 1992-93 and the basis fora NSF
Teacher Enhancement project, 1993. The first years of the larger project were reported on at NECC "89.
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Projects (M1.9)
Instructional Applications

An Intelligent Simulation Training System
John Biegel

University of Central Florida

Orlando, FL

; Abstract

The Intelligent Simulation Training System (ISTS) was developed to be used in training for decision-making when the
information is presented on a simulator. The objective was to remove the human instructor from the active content training
loop. The ISTS accomplishes its training task through the use of simulation technology, expert systems technology, and
instructional systems design.

The ISTS consists of three main components: the simulation, the domain expert knowledge bases, and the knowledge-
based teaching system. The latter is a generic system which will allow for the adaptation of the ISTS to any domain wherein
the training is done with a simulation. The system takes English language input, translates that into a language the simulation
“understands”, evaluates that input with respect to its effect on the simulation, responds to trainee requests for assistance,
maintains a record of trainee performance, observes the simulation, and warns the trainee of potential problems. A major
advantage of developing such a system is that it can act as an advisor, sitting behind the operator and advising on potential
problems that the operator may not have observed or dealt with.

Since the ISTS knowledge-based component is generic, it can be used in domains other than those where simulation is the
training medium. We are in the process of developing a teacher for an engineering course where the knowledge base is a set
of production rules of the IF (conditions) THEN (consequences) type. All mathematical and logic-based subjects can be
presented as rule-based systems.

This presentation will present the structure of the ISTS and a brief discussion of its use.

This abstract was taken from the author’s originally submitted proposal

Authentic Assessment in the Technology-Based Classroom: Using Student Response Journals
Beverley E. Crane

San Jose State University

San Jose, CA

Abstract

While response journals have been used effectively in ESL and language arts classrooms, their use in the technology-
based classroom has not been explored. Our work is based on a semester-long case study at an inner-city elementary school
to examine the benefits of using response journals as an assessment tool in the technology classroom. Fourth graders wrote
journal entries after each class session based on a series of open-ended questions. We completed a content analysis of the
journals at the end of the semester, identifying the following four categories of responses: (1) curricalum—content and
technical expertise; (2) relationships—interaction between student partners, with teachers, and with others involved in the
project; (3) student responses to working with technology; and (4) student self-assessment of capabilities in the technology-
mediated classroom. As in the ESL and language arts classroom, the response journals proved to be extremely useful not
only as a communication tool, but also as a data source to guide instructional planning.
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Teachers and Telecommunications: Policy Implications of 2 National Survey
Margaret Honey and Andres Henriquez

Bank Street College

New York, NY

Abstract

During 1992, the National Center for Technology in Education conducted a nation-wide survey of K-12 educators’ use of
telecommunications systems for professional enhancement and student learning. The survey was designed to gather a
systematic profile of the range of activities currently being undertaken by teachers in order to adequately advise school
officials, policy makers, industry, and teachers themselves on strategies for the creative use of this technology. Based on the
responses of 550 educators representing 48 states, this survey represents the first systematic and large-scale profile of the
benefits and obstacles to using telecommunications effectively as a professional resource and learning tool.

In this presentation we will summarize the implications of our findings as they pertain to policy decisions at district, state,
and national levels. For both student learning and professional enhancement activities, we will discuss the factors that
contribute to the successful use of telecommunications systems, the incentives that educators’ experience in using telecom-
munications, the impact of telecommunications on teaching, the resources that educators use to learn more about telecommu-
nications, and the major barriers that effect the successful implementation of telecommunications activities in these educa-
tors’ schools.

Project Egret: Traveling the World’s Electronic Bicycle Paths: Interactive Electronic Learning
Sandra McCourtney and Sally Lucke

EGRET International

Sarasota, FL

Abstract
Following a brief review of the literature, the presenters will demonstrate how learner-centered PC environments provide
national, intemational and local on-line capabilities. Groups of students from geographically distant classrooms can collabo-
rate on content-based projects, placing learning in a relevant meaningful context and promoting cultural diversity, language
leaming and critical thinking. :

Integrating Multimedia Applications into the Curriculum Using IBM Technology
Brian Scarbeau, Becky Thornton and Glen Ricci

Lake-Sumter Community College

Leesburg, FL

Abstract

The purpose of this session is to introduce multimedia and to demonstrate how this application could be used in the
classroom. Multimedia is an exciting new software application that allows the user the ability to convey messages that
mix a number of media including audio, video, text, numerical data, and graphics. There are several programs that are
presently available that use multimedia in their applications with CD ROM or laser disc technology. Multimedia applica-
tion is ideal for teachers to use in the classroom. Lessons can be designed the way you want to present them and
utilizing sound can enhance your subject content. This workshop will help you learn how you can begin to implement
multimedia applications into your courses using IBM personal computers. The purpose of this workshop is to share with
faculty how Lake-Sumter Community College will implement multimedia applications into the curriculum. Workshop
participants will learn how Lake-Sumter Community College will be integrating multimedia in the Computer Science,
Art, and Music Departinents. ’
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Projects (M1.10)
Potpourri

LEGENDS: Using Multimedia to. Explore Native Cultures
Gene Bias

Orange County Public Schools

Orlando, FL

Abstract

Students from Edgewater High School, Orlando, and Pine Ridge High School, South Dakota, have joined together to
become authors in developing computer and multimedia programs which enable them to explore their cultural differences.
The Oglala Lakota (American Indian) students are sharing tribal legends with the students of Edgewater. Edgewater stu-
dents, in turn, share their cultural differences so each group will better understand the other. Students routinely communicate
via Applelink. Both groups are videotaping aspects of their culture that are being incorporated into QuickTime™ movies for
HyperCard programs which can then be shared with other schools. Additionally, the students are compiling and pressing the
information into CD-ROMSs which will be interactive with the HyperCard stacks. These will be available to schools across
the nation and throughout the world in the near future. Interactive laserdisc projects are planned for the future. Student visits
between schools are planned for the spring. Other schools are being invited to participate in the LEGENDS project so that
cultures of various Native peoples can be shared across the nation via HyperCard and CD-ROMs. Samples of student work
will be demonstrated to the audience.

Multimedia Director’s Primer: Implementation Strategies for the Classroom Teacher
George Blakeslee

Lesley College

Cambridge, MA

Abstract

Teaching and leaming through participatory multimedia experiences creates classroom settings in which teacher and
student are functioning in non-traditional ways. The level of comfort with these new approaches varies widely among
teachers, administrators, students, and parents. Addressing concerns raised by such non-traditional school environments has
led to the development of a structured implementation strategy which educates the school community about, and builds
support for, classroom multimedia projects.

Organized in the form of a “primer”, teachers can design, buil, support , and conduct a multimedia unit. The “primer”
outlines five stages from initial idea through final presentation. Setting the Stage defines goals, describes learning activities,
clarifies outcomes, and gains administrative and parental support. Preparation addresses classroom configuration, student
management, permissions, releases, hardware, and software. Planning follows with locating information sources, building
resource centers, and scheduling library work, guest speakers, and field trips. Conducting the multimedia unit necessitates
the facilitation of student research, selection, organization, and citation of relevant information. A production “storyboard” is
created, and a production schedule is set-up. Success requires careful planning of who does what with which (usually scarce)
equipment and materials where and at what time. Sharing the student products is the essential conclusion of this approach to
leamning.
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Multimedia Lesson Planning with Electronic Chalkboard -
Vicki E. Hancock

Curriculum/Technology Resource Center, ASCD

Alexandria, VA

Abstract

The Curriculum/Technology Resource Center (C/TRC) at the Association for Supervision and Curriculum Development
(ASCD) has developed a multimedia tool for educators. Electronic Chalkboard is a software tool for the Macintosh designed
for use by teachers and students to create multimedia lesson plans, develop portfolio entries and presentations, and conduct
assessment activities.

For teachers, Chalkboard makes it easy to create multimedia lessons for classroom, small-group, or individualized
leaming. “Chalkboards” take only minutes to prepare as the teacher retrieves musical scores, archival footage, photographs,
maps, and text-based information from school and library resources already on hand. The teacher then cuts and pastes to edit
lessons and include self-developed worksheets, tests, or lecture material. The program’s “library” feature lets teachers share
lessons or store them for later retrieval and repeat viewing. A barcoding feature lets the teacher play back video segments
without using a keypad.

For students, using Chalkboard encourages active, integrated, self-directed learning. It is an ideal tool for assembling
multimedia portfolios, presentations, and performance assessments. Using a graphic interface, students can quickly access a
writing sample, artwork, or audio/video material, and simple point-and-click functions let students revise quickly and easily.

Magic Formula for Motivation: Technology & Real-World Projects

James Scalise
John F. Kennedy High School
Metairie, LA
Abstract
Share the fresh enthusiasm of urban high school students in the fast-paced review of their award-winning multimedia
projects.

Shelve traditional textbook exercises. Instead, put advanced technology in the hands of otherwise apathetic students,
together with a real and meaningful problem to use it on, and something magical happens. Students discover unknown

_talents and suddenly see themselves in unexpected new roles: as architects, engineers, scientists. Then stand back and watch

excitement — and achievement— soar.

Examine the following successful classroom projects, blending computer-aided-design curriculum, desktop publishing,
desktop video and animation; learning experiences in the solution of community-based problems:

 Computer-aided designs, drawings, and presentations of a sports stadium for New Orleans Public Schools. This project
earned the presenter the 1992 Teacher of the Year Award from IBM and Technology & Leaming magazine with consider-
able student exposure in local and national newspapers, magazines and television appearances.

+ Computer generated simulations and animations of the potential destruction of New Orleans by major hurricane
scenarios, together with planning for evacuation.

Consider how your own imagination, curriculum and technology can be focused on community projects for your students
with equally exciting results.

O Magic of Technology - : ' E . : g 29

E119




Projects(M1.11)
Hypermedia

Clicking Your Way Through Interpersonal Conflict
Eileen Bergeron

Florida Diagnostic and Learning Resources System
Tampa, FL

Abstract

Using computers to enhance the social skills curriculum is the focus of this demonstration. Through the use of the
Macintosh computer and HyperCard, students learn to behave appropriately and effectively in interpersonal conflict situa-
tions. Students accomplish this goal by identifying interpersonal conflict situations, brainstorming to generate alternative
ways of responding to one of the situations, discussing the possible consequences of the responses, role playing to test the
possible consequences, and visually representing this exercise on HyperCard.

This project has been successfully implemented in six Hillsborough County Classes for Emotionally Handxcapped and
Severely Emotionally Disturbed. Samples of the students’ HyperCard stacks and teacher support material will be presented.
A sample stack will be available to participants in exchange for a 3.5" double density disk.

A Hypermedia Project: A Native American Cultural Bridge at UC Irvine
Kimberley Burge

University of California, Irvine

Irvine, CA

Abstract
An eagle, wings spread, appears in the bottom left corner of the computer screen. With the sound of a shrill cry, the wings
move and the bird “flies” diagonally across the screen. The young creator, Stanford Belinte, smiles shyly as the surprised
~ computer instructor, Valerie Hackbarth, asks, “How did you know how to do that, Stanford?” With only rudimentary
scripting instruction, this Navajo youth has become more accomplished in this “Western" medium of computer graphics than
perhaps any adult in his community. This was just one of many magical moments in the Native American Tribal Histories
Hypermedia Project.

During the summer of 1992, one hundred sixty Native American honors students used computers in the Department of.
Education in the University of California, Irvine to bridge the past, present and future. A grant from the Education Founda-
tion of America helped to bring the twelve to fourteen year old students, representing tribes throughout the United States and
Canada, to spend six weeks on the UCI campus. These students left their family, friends, and the shelter of their respective
communities including the Acoma Pueblo, Hopi and Rosebud Sioux tribes, the Navajo and Oklahoma Cherokee nations, and
the Alaskan natives to name just a few. Here in the campus classrooms and labs, cultures blended in cohort groups as
students attended mathematics, science, English, ethnohistory, and computer literacy courses in the Native American Inter-
tribal University Preparatory Program. The mission of the program, lead by Richard P. Ettinger Jr. of the Education Founda-
tion of America, John M.Whiteley, Professor of Social Ecology, and Kogee Thomas of the UCI Office of Relations with
Schools, was to address some of the problems that Native American students have in preparing for university-level education.
These students often need communications and other skills and confidence to move from rural cultures into the mainstream.
This can be an intimidating process, and our experience showed that computers can be used to help students bridge the gap.

Initially the computer workshops were designed to support the rest of the instructional program in this six week “instant
school”. The computer literacy workshops were taught by recent graduates of the Department of Education teacher training
program and were held in the department computer lab. The students studied about their tribal cultures in the ethnohistory
classes, conducted research in the UCI Library via telecommunications, and used HyperCard text and graphic tools to
integrate this information into hypermedia stacks. Soon the computers and software provided the students with a very
personal medium of communication. The student stacks included family photographs, scanned images of cultural arts and
crafts, and used audio, video and text to retell tribal histories and folk stories in their stacks. Several of the students devel-
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oped skills beyond the initial objectives of the program and produced QuickTime snippets integrating video interviews about
their hopes and dreams for the future.

This integration of curriculum areas and computer-based materials was not “automatic”; it was the result of careful
planning by the program staff. In addition to three computer lab trainers, twelve NAIUP faculty members were recruited
from more that fifteen hundred secondary school applicants. They arrived at UCI just one week before the Native American
students and set to work immediately to create an “instant school.” During this preparation week the computer lab staff
conducted workshops for the new faculty, introducing them to the computer literacy skills that their students would be
learning in word processing, hypermedia, and videodisc operation. This process of sharing resources and ideas between the
content-area faculty and the computer lab staff resulted in collaboration in the production of tribal histories HyperCard
stacks.

This presentation will include a description of the first year program, including lessons learned by students and staff alike,
examples of student products, and plans for the 1993 summer program.

Zapping the Hypermedia Zoo: Evaluation in a Constructivist Learning Environment
Vito M. Dipinto and Sandra V. Turner
National-Louis University
Evanston, IL
Abstract

The purpose of this presentation is to describe a student-centered approach to evaluation of students’ hypermedia projects in
a constructivist learning environment and discuss its impact on student learning. In the Hypermedia Zoo Project, seventh-graders
learned to use HyperCard to create multimedia research reports about mammals as part of their science curriculum. The evaluation
process becomes a logical extension of working in a student-centered culture where collaboration among its members is an
expressed intrinsic value. Evaluation of students’ stacks took three forms: teacher evaluation, peer evaluation, and self evaluation.

This presentation will highlight a student stack and the impact of the evaluation process on its content and design. Videotape
excerpts from the teacher evaluation of the stack and selections from students’ self evaluations are included.

Interactive Multicultural Counseling: Role Playing Environment
Ronna Olivier, Margery Neely, Chandima Cumaranatunge and Seree Weroha
Kansas State University
Manhattan, KS
Abstract

Counselor training programs are expected to offer training for cross-cultural interaction with clients. The training,
particularly on predominantly white campuses, can be enhanced by this interactive program.

Observation of role-playing in typical multicultural counseling classes showed that the trainees were interpreting certain
textbook statements literally. For example, certain typical criticisms of traditional counseling strategies are offered by
authors of cross-cultural counseling texts. One typical criticism states that counselors must be “more active” with certain
minority clientele groups. The trainees interpret this literally as sanction to give advice immediately after a client starts
stating his/her problem. The trainees forget that they must first seek to understand the worldview of the client, including
environmental factors that impinge upon lives. An additional problem is that textbook examples do not convey the same
nonverbal message for different trainees because the voice-tone is missing. In role-playing similar situations, the trainees
seemed to believe the client was child-like and submissive, resulting in the trainees coming across as patronizing.

This project, designed using HyperCard and digitized video, is a role-playing environment where the user (student
counselor) conducts a counseling session with a simulated client of another culture who responds through digitized video.
The counselor chooses different queries to which the client responds in varied ways. At the end of the simulated session the
student counselor will be able to access an explanation as to why the client responded in a particular way to each query. The
students queries will also be compared to an ideal session which will be used as a basis for evaluation.

The goals of this project are: 1) to provide counseling trainees with voice-tone used as the client’s problem is stated; 2) to
allow trainees a choice of responses that have different intentions; 3) to provide a sequence of these couplets as a counseling
session develops; and 4) to furnish feedback indicating the number of choices of each type of intention, including those
designed to provide a perspective of the client’s worldview.
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Projects (M1.12)
Instructional Software

Using Interactive Mathematics Texts as Teaching Tools
Marcelle Bessman

Frostburg State University

Frostburg, Maryland

James E. White
University of North Carolina
Chapel Hill, North Carolina
Abstract

The Interactive Mathematics Text (IMT) provides a seamless learning environment wherein a student can explore
mathematical ideas, computationally and graphically, as well as obtain needed background information and procedural
instructions. Within the context of a particular topic (for example, translation of functions), the user can pose his/her own
problems, create or alter equations and functions, and actively observe their mathematical behaviors. The basic textbook can
be readily created by the teacher for student use.

Examples of textbooks covering topics in algebra, calculus, and physics, and their classroom use will be presented. The
development of such textbooks will be discussed.

There are various versions of the IMT. Some are based on using a particular mathematical software, such as
Mathematica or MathCAD. The version used here, however, is based on the symbiotic integration of specially created
mathematics clips (utilities) with a Windows-based presentation software package, Toolbook. These utilities can also be
used with other Windows-based programs. The software used, MathKit, is being developed by James E. White of the
Institute for Academic Technology (University of North Carolina, Chapel Hill) in Durham. This software can do two and
three dimensional graphing and simple, iterative, or recursive computation. It is “powered” by an artificially intelligent
infrastructure or “inference engine." Toolbook has multimedia capabilities that allow the use of sound, video, and animation.
The integration of the two programs permits not only multimedia-enhanced presentation of mathematical ideas, but also user-
controlled experimentation with given data and the real time collection and analysis of experimental data.

The manual is being developed by White and myself, in consultation with the Project CALC authors, David Smith and
Lawrence Moore.

Water Wizards
Sarah A. Finigan
Samuel Adams Elementary School
Boston, MA
Abstract

Water Wizards is a school-wide project which teaches students ways to reduce pollution by doing “hands-on” science
. newsletters, making big books, entering essay writing contests, and using databases and graphing software. Students videotape
and edit science experiments and student produced shows. They will also videotape a science fair and awards day. The program
is thematic across the curriculum - math, science, language arts, history, social studies, art, and computers. The project was funded
by the Bank of Boston School Initiatives Grants Program.

The Adams Elementary School has a partnership with the Massachusetts Water Resources Authority through “Creating
Lasting Links.” Lesley College, The Boston Private Industry Council, and the Boston Public Schools have coordinated a National
Science Foundation Partnership Grant which paired elementary teachers with scientists working in local industries. Teachers and
scientists developed a mutually supportive relationship through a two week partnership experience at the scientist’s place of work
and a science curriculum enhancement project for the teacher’s classroom. Adams Elementary has also been working with Tufts
University by having a student intem work with Adams students on science experiments.
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Use of Educational Techinology in Engineering Case Studies
Thomas T. Liao

SUNY at Stonybrook

Stonybrook, NY

Abstract

In each of four engineering case studies, advanced educational technology is used to provide students with powerful tools
for studying and finding solutions to questions and problems. Students are provided with examples of how engineers use
computers to design and study the behavior of systems.

In the Auto Safety case study, several activities use microcomputers. Students use a computer simulation called “Yellow
Light” to study the timing of traffic lights at an intersection. A microcomputer-based lab uses a motion sensor to study how a
model safety car is moving prior to and during a collision. A television camera is also used to videotape the collision
between the model vehicle and a wall.

Two computer-based activities are used to help students learn about the ergonomics of the TV picture. In a case study
entitled “Vision and Television,” students first learn about “Persistence of Vision” by controlling the rate that two colors
flash to make a purple color. Another computer program is used to help students determine how well they see detail at a
distance. These computer activities help students to answer the following questions about the TV standards that were set
over fifty years ago:

1. How many pictures per second?
2. How many lines per TV picture?

In the “Machine Automation” case study, students use the Fischer-Technik modeling system to build models of industrial
systems that are automated. Students build subsystems and combine them into systems for carrying out certain functions.
A BASIC program is used to provide computer control of the systems that has been designed and built. Besides program
control, simple feedback control is also used to automate the systems.

Students use CAD (Computer-Assisted Design) systems to help them design an emergency shelter for hikers who are
trapped on a mountaintop. In this case study, students also use temperature probes to experiment with insulation properties
of different materials. Finally, a spreadsheet program is used to carry out what-if investigations about performance of the
shelter.
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Projects (M1.13)
Educational Software

Image Processing for Teaching: A Teacher’s Perspective
S. Hardesty, R. Kolvoord, R. Greenberg, M. Magisos, R. Strom
Lunar and Planetary Laboratory

University of Arizona

Tucson, AZ

Abstract

The Image Processing for Teaching (IPT) project, sponsored by NSF, Apple Computer, and the University of Arizona,
provides a powerful medium to excite students about science and mathematics, especially children from minority groups and
others whose needs have not been met by traditional “coded” ways of teaching these subjects.

Using professional quality software on microcomputers, students explore a variety of scientific data sets, including
biomedical imaging, Earth remote sensing and meteorology data, and planetary exploration images. They also learn about
the many mathematical concepts that underlie image processing, such as coordinate systems, slope and intercept, pixels,
binary arithmetic, along with many others. We have developed curriculum materials in all areas of mathematics and science
for the upper elementary and secondary levels, allowing this tool to be used across a variety of grade levels and student
interests.

Preliminary indications show image processing to be an effective and fun way to study the application of science and
mathematics to “real world” situations, as represented by digital imagery. The use of image processing is also an innovative
method with which to engage students in inquiry and discovery leaming.

In our presentation, we will describe our program and demonstrate image processing. We will also discuss our dissemina-
tion efforts and show how you can get involved in this exciting program.

This abstract was taken from the author’s originally submitted proposal

The Image Processing for Teaching Project

R. Kolvoord, S. Croft, R. Greenberg, M. Magisos, R. Strom
University of Arizona

Tucson, AZ

Abstract

The “Image Processing for Teaching” (IPT) project, sponsored by NSF, Apple Computer, and the University of Arizona,
provides a powerful medium to excite students about science and mathematics, especially children from minority groups and
others whose needs have not been met by traditional "coded” ways of teaching these subjects. :

Using professional quality software on microcomputers, students explore a variety of scientific data sets, including biomedical
imaging, Earth remote sensing and meteorology data, and planetary exploration images. They-also learn about the many
mathematical concepts that underlie image processing, such as coordinate systems, slope and intercept, pixels, binary arithmetic,
and many others. We have developed curriculum materials in all areas of mathematics and science for the upper elementary and
secondary levels, allowing this tool to be used across a variety of grade levels and student interests.

Preliminary indications show image processing to be an effective and fun way to study the application of science and
mathematics to “real world” applications, as represented by digital imagery. The use of image processing is also an innovative
method with which to engage students in inquiry and discovery leaming.

In our presentation, we will describe our program and demonstrate image processing. We will also discuss our dissemination
efforts and show how you can get involved in this exciting program.

This abstract was taken from the author’s originally submitted proposal
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Diversity by Design
Terri Meade and Kathy Powell
Bank Street College
New York, NY
Abstract

Images of varied influences and expressions are constants in both everyday and educational life. From printed
advertisements on billboards to video images on television sets; text book illustrations to the images incorporated in
computer software products, we are continually seduced by “the visual.” How each individual “tunes” into, interprets
and derives meaning from any particular visual image is determined by that individual’s personal and cultural frames
of reference. These may be shaped by variables such as ethnicity, skin color and race as well as art, language, and
education. As members of a culturally diverse society, we must recognize the multiple cultural perspectives that are
available. Imposing a singular cultural perspective is both limiting and undesirable since it does not reflect varied
experiences.

This presentation will illustrate the relationship between culture, metaphor, style, and visual imagery. Our formative
research addresses issues that will help to shape and define the elements that designers must consider if they are going
to begin to incorporate diverse perspectives into the conceptualization and design of educational media. Included will
be an overview of our findings related to assumptions, misconceptions, and stereotypical perceptions and their
relationship to designs for learning. We will also discuss ways that metaphor can be used to negotiate differences and
make connections between and among cultures through the use of visual imagery. The analytical framework is aresearch
and design model that aims to illuminate consistently under-represented African perspectives, while attempting to bridge
the diverse voices and experiences that make up the American experience.

Media designers and educators provide a host of visual images to their respective captive audiences. Itis important
for them to begin to examine the types of visual images of the worlds that they provide; to consider how their choices
of images can possibly differ from the visions of the worlds that are seen and understood by their respective audiences.
The creators of educational media need to explore new ways to illustrate the process of learning so that new meanings
might be illuminated, not obscured by the design of media. They need to allow learners to begin from the learner’s
own “place” and to provide opportunities for the learner to create new meanings relative to that learner’s cultural reality.
The visual image provides an opportunity to construct that conceptual bridge. It can provide one of the tools for
communication across cultures making negotiating the fundamentals of cultural differences an issue yielding outcomes
that are positive and successful as well. As visualized information becomes more and more common, the subtleties
of creating and interpreting visual images for their diverse cultural meanings needs to be much more thoroughly
explored and more deeply understood by all those who design materials for education.

Because all learning takes place within a cultural framework, it is imperative that media designers investigate,
understand, and incorporate the appropriate “ingredients” of diverse cultures into the design of products. The proposed
workshop is based on our work, entitled BRIDGES, Structuring Visual Notions, Expanding Perceptions of the
Learner. BRIDGES is a design notebook that visualizes an African-centered cultural perspective. An African-
centered cultural perspective embodies a worldview based on Africanate systems of knowledge and values realized
through self-knowledge. It is a way of looking at, thinking about, understanding, seeing, and ordering the world,
assuming “self” as the primary point of reference. Knowledge and understanding of self is the first step towards being
able to “know” others. This philosophical perspective encompasses the use of images and systems of communication
derived from and compatible with an African-centered socio-cultural matrix.

Our research examines the relationship between culture, metaphor, style (both individual and cultural), and visual
imagery from an African perspective. BRIDGES is a resource base for media designers interested in product
development for culturally diverse audiences. It models how the above elements can be incorporated into media design
by illustrating how a people might represent themselves. The implications for learning explored in our work have
applications for all media designers including those of print, electronic, and interactive materials.

In this workshop session we will discuss a framework for practitioners who are interested in designing curricula and
media that meet the needs of culturally diverse audiences. The discussion will include the role of developing
technologies in the design of curricular materials and ways to provide students with access to alternative forms of .
communication and expression. The questions addressed by the images used in this workshop will help to shape and

_define the elements that designers must consider if they are going to begin to incorporate diverse perspectives into the
conceptualization and design of educational media. Included will be an exploration of assumptions, misconceptions,
and stereotypical perceptions and their relationship to designs for learning. We will also examine ways that metaphors
can be used to negotiate differences and make connections between and among cultures by using visual images. The
workshop will include hands-on media activities. Materials will be supplied.
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Geographical Information Systems for School Administrators
Kenneth Temkin and Paul Cote

Newton Public Schools

Newtonville, MA

Abstract
Newton Public Schools has teamed up with the Massachusetts Institute of Technology’s Department of Urban Studies and

- Planning to investigate educational applications of Geographic Information Systems technology. Geographic Information

Systems, referred to as GIS, desktop mapping or data visualization, are computer software programs that tie maps to data-

bases. In the words of one expert, “Using maps and your data together is a powerful way of understanding and communicat-

ing your message. Desktop mapping enables you to graphically manage, analyze, and present your data, and view the

geographic results of your analysis.” In the end, this new technology helps users and administrators make more efficient and

effective decisions.

The City of Newton is a suburb of Boston consisting of 19 schools and 9500 students. Newton Public Schools has taken a
first step toward using GIS systems by (1) exploring possible applications of GIS for school administration, (2) evaluating -
various GIS software programs, (3) developing several applications, and (4) preparing a GIS implementation strategy for
school administrators.
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Posters (M1.14)

E-Mail & Instructional Applications

Using Electronic Mail for Data Collection in Educational Research

Susan Anderson
Texas Christian University
Fort Worth, TX

On-Line Instructional Methodologies for Distance Learning
George Fornshell

NOVA University

Ft. Lauderdale, FL

The Magic of Electronic Classrooms: Promises and Pitfalls
Genell Harris

University of lllinois

Mahomet, IL

Combining Distance Education Technology for Course Delivery

Larry Hudson and Phyllis Olmstead
University of Central Florida
Orlando, FL

.. . Radio/Satellite Technology in Education

Greg Jones
University of Texas
Austin, TX
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Spotlight Sessions (M3.1)

Managing Global Learning Projects: On the Internet and in the Classroom / Drinking From a Firehose: Real Life on
the Internet (PartI)

Yvonne Andres

Oceanside Unified School District

Carlsbad, CA

Al Rogers
FrEdMail Foundation
Bonita, CA

Abstract
This two-part session addresses some of the exciting aspects of telecommunications on the elementary and secondary
levels. Part one, Managing Global Learning Projects: On the Internet and in the Classroom, helps inexperienced teachers
entering the Internet deal with a sometimes unfamiliar medium for communications. The session leaders explore ways to find
appropriate curriculum-based global learning projects as well as ways to develop and promote project ideas to the right
audience of global collaborators. Methods for locating appropriate projects and project management strategies are also
covered.

Spotlight Sessions (M3.2)

Managing Global Learning Projects: On the Internet and in the Classroom / Drinking From a Firehose: Real Life on
the Internet (Part II) " S
Yvonne Andres

Oceanside Unified School District

Carlsbad, CA

Al Rogers
FrEdMail Foundation
Bonita, CA

Abstract

This two-part session addresses some of the exciting aspects of telecommunications on the elementary and secondary
levels. Part two, Drinking From a Firehose: Real Life on the Internet, presents classroom-tested strategies for locating
information, resources, people, and special interest communities relevant to K-12 teachers and their students. CERF’n Safari:
A Classroom Users’ Guide to the Internet and SCHLnet collaborative curriculum projects will be highlighted. In addition,
this part of the presentation will discuss the best ways for classroom teachers to use Internet information search and retrieval
utilities such as Archie, Gopher, WAIS, and WWW, as well as methods for finding human and community resources through
USENET, SCHLnet, and LISTSERVs.
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Spotlight Sessions (M3.3)

ACM Meodel High School Computer Science Curriculum
Susan M. Merritt
Pace University, NY

Abstract
A task force of the Pre-College Committee of the Education Board of the ACM has been working on a proposal for a high
school course in computer science since 1989. Three drafts have been distributed to reviewers throughout the country and
the world.
The task force identified seven areas to be included in such a course. The seven areas are:
o Algorithms
+ Programming Languages
« Operating Systems and User Support
 Computer Architecture
« Social, Ethical, and Professional Context
« Computer Applications
 Advanced Applications

A list of topics is given for each area. These are divided into those essential for all courses, those recommended for
inclusion but not essential, and optional topics. In addition, the task force recognized a spectrum of delivery methods,
ranging from a concentration on applications to a concentration on intensive programming. The models include:

« Applications based

« Breadth approach using applications and programming modules
Breadth approach interweaving applications, computer science topics,
and programming
Project development approach using a programming language
Apprenticeship model
« Advanced placement (AP) computer science.

Course descriptions and syllabi are included as appendices to the report.

From the comments received from reviewers and those expressed at previous panels and workshops, the need for such a
course seems clear. High school teachers in particular welcomed this effort. However, the task force recognizes the chal-
lenges involved in the implementation of such a course and continues to work on solutions.

Task Force Members:

Susan M. Merritt, Pace University, NY (Chair)

J. Philip East, University of Northern Towa, IA

Darlene Grantham, Montgomery County Public Schools, MD
Charles Rice, Dalton School, NY

Viera K. Proulx, Northeastern University, MA

Gerry Segal, Bank Street College of Education, NY

Carol E. Wolf, Pace University, NY
Charles J. Bruen, Bergenfield High School, NJ
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Spotlight Sessions (M3.4)

Books With No Pencils...NOT!
Roger Wagner

Roger Wagner Publishing, Inc.
El Cajon, CA

Abstract
Your classroom wouldn’t have just books and encyclopedias without providing for pencil and paper and student
expression. An effective technology plan requires not only the reference multimedia of CD-ROM and online databases, but
the creative multimedia of HyperStudio as well. Leam how this one software program serves multiple grades and subject
areas. Student examples and related technologies such as laserdiscs and QuickTime will be shown.
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Society Sessions (M3.5)

How to Build Your Own Local Area Network
Educational Computing at Minority Institutions (ECMI)
Jesse C. Lewis, Panel Chair

Norfolk State University

Norfolk, VA

Abstract

This session is designed to inform the faculty from minority institutions about campus networking, network management,
network support, and network applications. The services and research opportunities provided by MU-SPIN (Minority
University-Space Interdisciplinary Network) will be discussed, and information on how to install your own local area
network by using a “Networking Starter’s Kit” will be provided.

MU-SPIN is a comprehensive education initiative that is oriented around wide area networking technology and its use for
supporting multi-disciplinary scientific research. It is aimed at transferring advanced computer networking technology to the
under-represented academic community.

Panelists:

Mou-Liang Kung
Norfolk State University
Norfolk, VA

Nagi Wakim
NASA
Greenbelt, MD

Society Sessions (M3.6)

Careers in Computing: Toward a Broader, Gender-free Perspective
Special Interest Group on Computer Uses in Education (SIGCUE)

John D. Lawson
University of Oregon
Eugene, OR

Valerie A. Clarke and G. J. Teague
Deakin University
Victoria, Australia

“ Danielle R. Bernstein
Kean College of New Jersey.
Metuchen, NJ

Cindy Meyer Hanchey
Oklahoma Baptist University
Shawnee, OK
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Abstract

Research findings indicate that women are under-represented in computing careers and computing courses. When women
are involved, their participation is often in restricted aspects of computing. Women are generally found at lower levels in the
hierarchy and receive lower salaries. Research evidence documenting these trends will be presented. Gender differences in
computing participation have been shown to be the result of socio-cultural factors rather than of differences in ability,
dedication or aspiration. The panel will identify the socio-cultural factors which are evident at both the broader social level as
well as within the home and the typical school. They will suggest strategies which teachers and parents can implement to
increase the interest and participation of female students in high school, college, and university computing courses, and will
discuss their experiences in developing and using these strategies.

These general principles will be illustrated in relation to at least two programs: first, the design, conduct and evaluation of
a holiday vacation program for senior secondary students; and second, the development of a video intended to attract female
students to computing courses and careers. The 26-minute video will be screened. Other resource materials will be described
and/or demonstrated.

Society Sessions (M3.7)

Move Over Whittle, We’re Already Doing It: Are For-Profit Schools a Reasonable Alternative?
Society for Computer Simulation (SCS)

Inabeth Miller

MCET

Cambridge, MA

Abstract

There has been much publicity about the Edison Project and the technology students will learn at these privately funded
non-public schools. Technology is already happening in both public and non-public schools. Supported by state and federal
funding, assisted by corporations and foundations, students in almost every state are working with their teachers and receiv-
ing instruction from several distance learning networks. MCET is at the forefront of this innovative, interactive learning
delivery system. Working with more than 2,000 schools in 18 states via its satellite network, MCET covers the full range of
educational subjects from science to Spanish, from math to music. While Whittle plans for new technological institutions for
the few, MCET"s vision of providing non-commercial quality education via the latest technology for ALL students has
become a reality.
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Paper (M3.8a)
Computer Simulation of Laboratory Instrun
Speeds Learning and Reduces Costs

Robert L. Baxter & William R. Moore
Western Kentucky University
Bowling Green, Kentucky

Abstract

Graphical interactive software programs on a personal computer can enhance student comprehension and understanding
oftypical electronics laboratory equipment andteach its proper operation in lesstime than in a conventional laboratory setting.
By utilizing existing computing equipment to simulate lab instruments, significant cost savings may be achieved as well. The
described programs run on low-cost MS-DOS compatible computers having color VGA displays and realistically simulate on
the video monitor a conventional lab instrument and all its controls and features. The programs incorporate pull-down menus
and numerous expandable windows for explaining and demonstrating proper techniques for applying and using the instrument
under investigation.

Each program operates in a tutorial fashion and provides students several options as to how they wish to explore learning
about the instrument under study. This allows students individually to determine exactly the right methodology by which they wish
to approach the topic and the pace at which they wish to proceed. All major program options are available fromvisually distinctive
pull-down menus and include modules covering: a) the underlying theory of instrument operation; b) how to use the instrument
properly for basic measurements; and c) a computer-generated test which measures proficiency and provides immediate
Jeedback. The programs include extensive tutorial instruction on every aspect of instrument operation—placing asmuch emphasis
on basic instrument setup and typical applications for the beginning student—as on explaining and demonstrating more
sophisticated uses and applications for students of advanced proficiency. All programs incorporate a testing module to measure
student understanding of each covered concept and provide immediate feedback to the student on his or her understanding of
program topics. A password-protected instructor’s module permits the course instructor to examine the results of each student’s
proficiency test in all program areas and print out student grade reports as desired.

The programs have been used with great success in the electrical engineering technology program at Western Kentucky
University over the past two years to enhance student understanding and use of a variety of laboratory instruments. These
programs in conjunction with other specially designed lab assignments have made our students much more proficient in lab

equipment operation in a much shorter period of time.

Introduction

In years past many if not most beginning electrical
engineering technology students had some prior electrical
experience acquired either from military service, a vocational
program, or possibly from ham radio or build-it-yourself
electronic kits. In those days, many students had been ex-
posed to basic electrical meters, measuring techniques, and
often they were even somewhat familiar with oscilloscopes
and how to use them. New students today, however, usually
have little or no electrical background and are completely
unfamiliar with even basic electrical and electronic instru-
ments and measurements.

In the electrical engineering technology program at West-
em Kentucky University, we have increasingly experienced
the need to develop instructional materials to assist students in
leamning basic laboratory techniques. We have had to prepare

a number of supplemental handouts and video tapes covering -

topics such as: wiring up a circuit, proper circuit layout,
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measuring voltage, measuring current, circuit loading by the
measuring instrument, component characteristics, and the theory
and use of the laboratory oscilloscope. While these materials
are made available to all students enrolled in the beginning
laboratory courses, we continue to see a decline in student
ability to perform competently in the laboratory.
Inanattempt to improve student understanding and opera-
tion of 1ab instruments, we reviewed our existing teaching aids
and rethought what could be done to improve student under-
standing and comprehension of basic laboratory instruments.
We considered additional lecture time on the instruments and
even considered video taping a new series of lectures to make
them more accessible to students. As we studied this option, it
became apparent that while a video taped lecture would ensure
consistency and quality of the presentation and provide stu-
dents the opportunity to watch the tape at their convenience and
as many times as desired, there were a number of problems and
disadvantages to this approach. Producing a high-quality lec-
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ture on video tape requires an enormous expenditure of time,
excellent production facilities, and knowledgeable techni-
cians. While the preduction facilities and expertise are avail-
able on campus, it requires a sizable expenditure and a long
scheduling lead time. A further disadvantage of video tape is
that it is not easily modified to reflect equipment changes, and
viewing equipment is not readily available to students at our
campus. For these and other reasons, we began to plan to use
anMS-DOS compatible computer to produce computer simu-
lations of the most important lab instruments that engineering
technology students ordinarily deal with.

Once we decided to use a computer to supplement our
teaching of 1ab instrument principles and operation, we began
to realize that the computer had many advantages to offer. It
could simulate all of an instrument’s operational modes and
demonstrate proper measuring techniques on-screen while
using variable and randomly changing values to keep the
simulation fresh and informative. The programs are designed
to be easy for a student to use, not dependent on any one
model or manufacturer of laboratory instrument, and to
provide comprehensive instruction in the theory of operation
of each instrument,

A major advantage of software simulation is ready avail-
ability of the program to the students. Computers are available
at a number of locations across campus including the main
library, and they are available during all hours the library is
open. This provides many more opportunities for student
access than is possible with the limited number of actual
instruments in the lab and the limited bours that the lab is
available outside of scheduled class hours,

A second advantage is that any lab instrument simulated
on the computer is available at essentially zero additional cost
rather than the hundreds or thousands of dollars of each actual
instrument in the laboratory itself. The only hardware re-
quirements to run the programs are a low-cost MS-DOS
compatible computer having 640 kilobytes of memory and a
VGA color monitor.

Figure 1. This student is using the tutorial mode of the
program to understand the function of one of the oscillo-
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scope controls. Three on-screen windows are open to show:
(a) step-by-step instructions on how to use the control, (b) a
Ppicortrial display of the control being adjusted, and (c) a
picture of the resulting oscilloscope display that shows the
effect of each control adjustment.

Description of a Typical Program

As an example of a typical program simulating the opera-
tionof a laboratory instrument, we will discuss and show some
examples from a program that teaches students how a typical
laboratory oscilloscope operates and how to use itproperly. An
oscilloscope is the most complex piece of equipment found in
an electronics lab and is therefore the most challenging for a
beginning student to master. Consequently, an educational
program designed to teach a student to use and understand it
must make use of a variety of educational strategies and
techniques to facilitate comprehension and insure mastery.

The program contains four major areas of activity which
a user may select from a pull-down menu continuously dis-
played across the top of the screen. Function keys and cursor
keys or a mouse are used to select the menus and to move
between menus. The four major program areas or modules are
labeled EXPLORE, LEARN, MEASURE, and TEST. Each of
these program modules, in turn, has a number of additional
choices available from the pull-down menu. Once a program
activity has been selected, the user proceeds from screen to
screen by pressing the space bar.

The EXPLORE menu provides the user a general intro-
duction to the oscilloscope, its many applications in the mea-
surement of physical quantities, plus safety considerations that
must be adhered to when using an oscilloscope in an electrical
circuit. Also available from this portion of the program is a
menu-selectable section for use by the course instructor. To
enter this section of the program, a password must first be
entered for security purposes. Once in the instructor section,
the user has the option of reading or printing any or all student
scores that have been saved by students running the TEST
portion of the program. The student’s name along with his or
her total score in percent, total number of problems attempted,
number of problems answered correctly, and the date the test
was taken are stored in a file. There are five different tests
administered in the TEST section, and each is stored in a
separate file. In addition, the instructor has the option of
clearing and resetting any of these student files, or changing the
default drive and path for placement of the student files to a
particular disk or subdirectory. The EXPLORE menu is also
used to exit from the program.

To comprehend how an oscilloscope is designed and how
itoperates, it is important that students develop an understand-
ing of each of its major component systems which consist of:
the display system, the vertical system, the horizontal system,
and the trigger system. The LEARN module of the program is
designed to let students learn about the operation of each of
these major areas of oscilloscope design and operation. The
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modular program design allows students to work on these
major areas in any sequence desired or to repeat a section as
often as necessary.

The LEARN section starts with the basics: a detailed
explanation of the oscilloscope graticule and how to read it
properly. Majoremphasis in this section is given to the trigger-
ing of the trace and what controls must be adjusted for the trace
to appear stationary and stable on the screen. Triggering is
explained using an interactive simulation for which students
use the “S” key on the keyboard to change the trigger slope and
the cursor arrow keys to adjust a variable on-screen trigger
level. The effects of either a trigger level adjustment or slope
change on the displayed sinewave are instantaneously shown
on screen. Other segments of the LEARN section include
explanations of how the vertical VOLTS/DIV section of the
scope functions, a description of the oscilloscope’s horizontal
section, and considerations in the use of oscilloscope probes.
The LEARN section also includes a subsection outlining a
simple procedure for first-time users of the oscilloscope to
follow to set up the oscilloscope controls for proper operation,

Figure 2. Tutorials on each oscilloscope section start with
discussion of the function of that section and a block
diagram showing how the section works. AT the bottom of
every screen, the student is given the option of going
Jorward or backing up to review a particular topic.

The MEASURE section of the program is designed to
show by example how to use the oscilloscope for making
measurements of voltage, frequency, period, phase, and pulse
rise time. The first part of this module illustrates how to use the
oscilloscope to perform amplitude measurements of AC and
DC signals as well as signals containing both DC and AC
components. The oscilloscope display is realistically simu-
lated on the screen and a typical VOLTS/DIV switch with an
input coupling switch is drawn simultaneously in another
window on the screen. Students are shown how to measure the
amplitude of various wavefonms including sine waves, trian-
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gular waves, and square waves. Changing the settings of the
simulated on-screen oscilloscope controls—such as the input
coupling switch, the VOLTS/DIV selector switch, the SEC/
DIV selector switch, and similar switches—causes the simu-
lated oscilloscope waveform to change precisely as it would on
an actual oscilloscope.

Another option on the MEASURE menu gives the user an
opportunity to explore the proper techniques for determining
the period and frequency of a waveform. A step-by-step
procedure details the steps required to display and calculate the
period, frequency, and duty cycle of pulse type signals. This
section also utilizes a functioning simulated oscilloscope dis-
play screen plus a window containing front panel timebase
controls to illustrate the direct relations between the two.

A third choice available under the MEASURE menu
teaches students how to use the oscilloscope to measure phase
difference between two signals. Students view in sequence the
actual steps required to use a dual-trace oscilloscope to mea-
sure the phase angle between signals applied simultaneously to
the two scope inputs. In addition, phase angle measurement via
Lissajous patterns is also illustrated in this section.

The final section of the MEASURE program illustrates
the steps required to determine the rise time of pulse type
waveforms. This section of the program demonstrates how to
adjust the amplitude of the signal so that the standard 10% and
90% lines of the screen graticule can be used. A pop-up
window containing the trigger level control is shown and the
control is simultaneously adjusted to provide accurate mea-
surement of pulse rise times.

The final major section of the program is the TEST
section. It is designed to verify the student’s knowledge and
mastery of all of the oscilloscope’s front panel controls and
switches as well as competency in the measurement of ampli-
tude, frequency, period, phase, and duty cycle. Once any test
topic is selected from the TEST menu, the student is asked to
enter his or her name. The test questions for the chosen section
are then randomly presented ina non-repeating sequence using
randomly generated values for waveform amplitudes, periods,
and other parameters. Whenever the student answers a ques-
tion, the program responds positively with reinforcement if the
answer is correct, or it provides the correct answer if the
question was incorrectly answered. After each question, an on-
screen scoreboard momentarily appears giving the student a
statement of his or her progress on the test via a summary of
how many questions have been attempted and how many have
been answered correctly. The student may choose to continue
answering questions or exit the test at any time. When students
finally choose to leave the test section, their overall scores are
displayed, and those scores along with the time and date are
stored in a student data file on disk.

How the Programs are Used

Students are first introduced to the programs in conjunc-
tion with a short lecture and an oscilloscope demonstration at
the first laboratory session of the semester. The entire class,
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divided into groups as dictated by class size, is taken to the
computer laboratory where each student works individually
with the program on a computer. The students are required to
look through the Explore, Learn, and Measure sections of the
program at that time. They also take the test on the front panel
controls. Then throughout the semester, additional assign-
ments are given to the students which require them to review
the Learn section of the program and to complete all of the tests
on the various sections of the oscilloscope. For additional
reinforcement, written lab reports throughout the semester
must now include some discussion of oscilloscope theory and
how certain measurements were made.

Students in our sophomore electronic technology courses
are also required to work through the program in its entirety
and to complete tests on all program sections. We have found
this reinforcement of oscilloscope principles and operation to
be invaluable since they now have a better understanding of
amplifiers, voltage comparators, delay circuits, and other es-
sential components of the modern oscilloscope. Students at
this level are more able to comprehend the importance of the
oscilloscope and can appreciate the capabilities and uses of this
important laboratory instrument.

Beyond the applications of the programs in the beginning
courses, even in upper-level laboratory courses we occasion-
ally find a student with a deficiency in the use of the oscillo-
scope. Such a student is assigned to work through the appropri-
ate section or sections of the oscilloscope program. If the
student’s test results are below average, a laboratory assistant
or lab instructor is assigned to work with the student at the
computer to provide additional assistance and to answer ques-
tions as the topics are reviewed.

Conclusions S .

Responses from students have been very positive and
enthusiastic regarding the use of these programs. They particu-
larly like the capability of being able to work at their own pace
and at a time that is most convenient to them. Not only do they
spend the assigned time on the computer working with the
programs, but many highly-motivated students spend consid-
erable additional hours working through the programs and
taking the program tests to further refine their proficiency and
skills. They uniformly report finding the programs extremely
useful and they thoroughly enjoy using them.
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Paper (M3.5b)
Human/Computer Interface Issues
in Educational Computing

Anthony Storms Akins
IBM Federal Systems Company
Houston, Texas

Abstract

The study of human-computer interaction is a relatively new field and is not an exact science. As a result, the work in this
Jfield has often been ignored. Systems that ignore the importance of human-computer interaction often frustrate and confuse,
instead of instruct. The user interface is the first perception a student has of the system, and it is a lasting one. For that reason,
it is very important that the impact of the user interface be carefully considered. The user interface can either enable the
educational process, or impede it. As a friend says: what the user sees is the system and what the user sees is the user interface.

This paper provides an introduction to the field of human-computer interaction and considers how human-computer
interaction plays a very important, yet often ignored, role in the area of instructional technology. A set of human-computer
interaction guidelines and recommendations to aid developers of instructional technology will be presented and explained. The
paper concludes with a list of references concerned with human-computer interaction for further study by interested parties.

Introduction

The field of human-computer human interaction is con-
cerned with the study and consideration of the effectiveness of
the connection or link between humans and computers. Some-
times referred to as usability, user interface design, or human
factors, human-computer interaction is a very broad and inter-
disciplinary field, attracting people with diverse talents in the
areas of classical computer science, software and hardware
design, psychology, industrial design, graphic design, and
sociology, among others. It is a relatively new field that is
attracting increasing attention as computers and similar tech-
nology take on larger roles in our day to day lives.

Where we are today
Perception is Reality—Human factors issues are not
limited to the study of interactions between humans and
computers. The study of human-factors is concerned with
how a human communicates with a system, where a system
is literally anything which we interact with. When consider-
ing human-computer interaction the system is a combination
of the hardware and software that is being used. Communica-
tion consists of giving and receiving information to/from the
system. The application developer should consider the fol-
lowing questions:

» How does the system make information available to the
user (output)?

* How does the system accept information from the user
(input)?

* How can the quality and quantity of information commu-
nicated between the human and the computer be im-
proved?
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In his book The Psychology of Everyday Things, Donald
Norman explains the concept of three potentially different
models or perceptions of a physical system. The first model is
the design model, the designer’s concept of how the system
will actually work. A user’s mental model is the user’s mental
image of the system and how it operates. The system image is
the physical representation of the system (including documen-
tation, instructions and labels). A system image that clearly
expresses the goals, concepts and strategies of the design
model aids the user in creating an effective mental model.
When the system image does not make the design model clear
and consistent, the user will often develop an inaccurate or
inappropriate mental model. This will cause the user to have
difficulties in using the system. (Norman 16)

The user model is the user’s perception of the system, and
perception is reality. This is a fundamental rule that all design-
ers must remember. No matter what the intent of the designer,
the user’s perception of the product is what is real, and if that
perception differs from the intent of the designer, the fault is in
the hands of the designer.

Applying Norman’s concept of the three models to the
world of computers, the user interface is the system image. It
is how the system is presented to the user. It is the user’s
perception of the system. If the user interface does not present
the design model (the goals, strategies and purpose of the
system) in a clear and consistent manner, the user’s percep-
tion of the system and its purposes will be different than what
the designer intended. It is in this fashion that the user
interface can either be an enabling device, providing a clear
communication path between the user and the system, or a
disabling device, potentially creating a frustrating and con-
fusing experience for the user.
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The Narrow Interface. According to Bill Buxton, the
choice of the input device is very important. The input device
has a pronounced effect on the complexity of the system and
the user’s mental model of the system. (Buxton 1991 1.5) The
same can be said for output devices. The choice of the inputand
output devices can either help or prevent the user from devel-
oping an effective and appropriate mental model.

The most common input device used today is the key-
board. While effective for certain tasks, it requires the user to
possess a certain level of skill to use it effectively. This is true
for all of the popular input devices of today. The mouse,
joystick and light pen, each with their own set of strengths and
weaknesses, require the user to develop a certain level of skill
in order that they be used most effectively.

The decision of how information is communicated be-
tween the user and the computer is one of utmost importance.
Yet, it is a decision often ignored. In many cases the decision
is often based on the limitations of the computer hardware.

All of the interface devices commonly used today have a
common weakness. Rarely do they recognize the ability of the
human brain to handle complex relationships. Consider the
following simple devices used in everyday life:

* The single knob faucet where the knob is twisted to adjust
walter temperature, and pushed or pulled to adjust the flow
of water.

* A pencil where, the width and darkness of the line can be
varied simply by how hard the pencil is pressed to the
drawing surface. (Buxton 1991 1.1)

The interface devices of today can not support such
complex interaction. The result are interfaces that provide a
very narrow conduit for communication with the computer.

The input devices in common use today provide essen-
tially one dimension of input. The keyboard provides for the
input of text, and nothing more. The mouse provides a way to
move one’s position on the screen or in a document. The
joystick and stylus provide many of the same capabilities of the
mouse, plus the possibility of recording and recognizing force
(how hard was the joystick pushed? how hard was the stylus
pressed to the surface?). Tablets used a stylus, puck or finger
provide roughly the same capabilities of the joystick or mouse.

All the above input devices require the user to direct his
attention from the input device to the output device, in order to
see the results of their actions. Over time the user may learn to
touch type, or move the pointing device without shifting
attention back and forth from the input device to the output
device. To be used effectively the user must develop a new
skill. Today’s common interfaces rarely take advantage of a
person’s existing skills.

When considering output devices, the situation is much
the same. The primary output device is the display. In the last
few years the quality of displays has greatly increased, from the
ability to legibly display 16 lines of 40 characters each to the
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ability todisplay two full pages (60 lines of 72 characters each)
on large 19" displays. Yet, the quality of displays is still not as
good as a paperback book, where two pages of text can be
shown clearly in a seven inch high by 9 inch format when
opened. Many displays used today have the ability to display
legibly no more than 25-30 lines of 80 characters each. The
result is an output device with a very narrow view of the
information contained in the computer.

The interface devices of today provide a very narrow
communications channel between the human mind and the
computer. Combine the narrow bandwidth of the interface with
the development of skill in order to effectively use the inter-
face, the opportunity for user frustration is great. The goal of
future efforts in the human-computer interaction field should
be focused on widening the connection between human and
computer in order that the communication can be more effi-
cient and effective.

The Separation of Input and Output. Consider how we
converse with each other. Consider how we use pen and paper
to record, annotate and collect information. Now compare that
to how we use computers for the same tasks. A fundamental
difference exists in how we normally communicate and how
we communicate with computers. Normally, most human
communication consists of intertwined input/output, where it
is very difficult to separate the two. Often, the same medium is
used for both, as in the case of a book, where the printed text
represents the output, and annotations written in the margins
represents the additional input of the reader. Normal conversa-
tion consists of gestures, glances, as well as the spoken word.
All are used to convey the richness and the density of the
information being communicated.

The computer has separated input from output. The dis-
play or screen is used by the computer to show output to the
user, while the keyboard or another input device is used by the
user to input information into the computer. We use our eyes
to read the screen while using our hands to input information.
This separation of input and output s a step back from previous
forms of communication. The great potential of the connection
of the human brain and the electronic brain is severely handi-
capped by our present approach to input/output.

The Age of Look and Feel. Today, the majority of efforts
in the human-computer interaction field is concerned with the
“look and feel” of computers and their applications. Accord-
ing to Bill Buxton, this only addresses one third of the
problem. He breaks the area of human-computer interaction
into three sub-areas:

1. How does the system reflect the human motor/sensory
system? This is the issue of look and feel.

2. How does the system reflect the human cognitive or
problem-solving mechanisms? In other words, does the
system reflect how people think and make decisions?

3. How does the system reflect the sociopolitical structure of
day-to-day life? Does the technology reflect or support the
concept of work performed in groups?
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For a user interface to be effective its design must address
all three areas. Yet, most of the effort is concentrated on look
and feel issues, with much of the emphasis on the “look™ of
technology. (Buxton 1990 205-206)

Where Are We Going?

The Reconnection of Input and Output. Today, a new
interface device is being developed. The first primitive forms
of paper-like interfaces attempt to recombine input and output
by allowing the user to input information on the same device
used by the computer to display output. Touch displays, and
pen/stylus interfaces are early versions of the computers of
tomorrow. Portable computers will be the first computers to
take advantage of the combined input/output interface. An-
other possible use is the concept of glass desktops, where the
display is actually the desktop (large LCD or gas plasma
displays provide the best solution today, as both are relatively
thin, and generate little heat).

The glass desktop would be a natural extension of a
common interface of today, the graphical user interface or
GUI. The GUTI is an attempt to make computers more intuitive
by using familiar “everyday” analogies for computer opera-
tions. The concept of the on screen desktop or office is used by
many current GUIs, providing file folders, waste cans and
other familiar office items. The glass desktop would provide an
extension to the desktop GUI of today by becoming an integral
part of the office of tomorrow. The same is true for small,
lightweight, highly portable computers.

One question currently being pondered is what happens to
one way devices, such as the keyboard, in such systems? The
keyboard is an effective input device, but if it can be elimi-
nated, both weight and space can be recovered. Handwriting
recognition is the currently discussed replacement for the
keyboard, but it has one major drawback: speed of input. A
good touch typist can reach speeds of up to one hundred words
a minute, far faster than the speed one can write at. Perhaps
handwriting recognition is not the solution, a different form of
recognition might prove more effective. Stenographers can use
shorthand to write 200 plus words a minute. A system that
provides shorthand recognition mightprove to be a system that
does not require a keyboard. While a skill would have to be
leamned, the benefits may make the effort worthwhile. Voice
inputis another possibility, as we can talk far faster than we can
wrile or type. Voice input does have potential drawbacks: such
as use in a crowded room or shared office. How would one
direct voice input to the computer while talking with someone
else? This problem is solvable, one approach would be to have
the computer respond only when its “name” is spoken.

In the last several years the concept of direct manipula-
tion for human-computer interaction has received a great deal
of interest and enthusiasm. The central ideas of direct ma-
nipulation are:

* Objects and actions on the objects of interest are
clearly visible
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* Actions are incremental and reversible
» Complex command languages are replaced by the ability
to directly manipulate the object of interest.

A good example of direct manipulation is driving an
automobile. The scene is visible through the windows. Actions
suchas steering or braking or accomplished by “manipulating”
abrake pedal or the steering wheel. Any action can be reversed
quickly and easily (lifting the foot off the accelerator, turning
the steering wheel the opposite direction). Response to all
actions is immediate, and feedback is provided by changes in
the view through the windows. (Shneiderman 180)

Video games are another example of direct manipulation
systems. The environment of the game provides an abstract of
reality. All learning is by analogy. Commands are physical
actions, such as pressing a button, moving a joystick with the
results shown immediately on the screen. There is no syntax
and, more importantly, no error messages. Error messages are
unnecessary as the results of actions are shown immediately,
providing the user the opportunity to make compensating
adjustments. Such aspects of direct manipulation can be ap-
plied to educational software.

Direct manipulation is an attempt to make the power of the
computer available to a larger audience. The Swiss psycholo-
gist Jean Piaget once described four stages of growth:

* Sensorimotor (from birth to approximately four years)
* Preoperational (two to seven years)

» Concrete Operational (seven to eleven years)

» Formal Operations (begins approximately eleven years)

Direct manipulation attempts to bring activity to the
concrete operational stage. (Shneiderman 203)

Direct manipulation may provide an environment benefi-
cial for the development of problem solving skills. Video
games present a problem (how doI get to the next level, where
are the bonus prizes) by creating an environment in which the
user, by interacting with the game, begins todevelopastrategy.
The same is true for all direct manipulation systems. As the
user interacts with a direct manipulation system, the feedback
from the system is used to develop a successful strategy.
Research in the problem-solving psychology literature has
shown that suitable representations of problems are critical the
development of problem solving skills. (Shneiderman 198)

The key aspect of direct manipulation is that it is an
approach relatively independent of interface devices. A well
designed text editor has elements of direct manipulation. Text
is entered and edited via the keyboard. The results of interac-
tion is immediately seen, and adjustments can be quickly
made. The cursor is used to select the object of interest, and the
userdirectly changes the object by entering information via the
keyboard. Direct manipulation, and its benefits, can be applied
to any application.

By combining direct manipulation with new technologies
leaps in the effectiveness of the user interface may be realized.
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Two relatively new developments in the human-computer
interaction field look tohave great potential for the educational
technology field. Multimedia represents the collection of text,
graphics, images, full motion video and sound in a cohesive
collection that can be studied, interacted with and explored
(Wright 90). Multimedia documents can be created that offer
great educational possibilities by providing a rich sensory
environment for exploring information. Virtual reality, the
concept of where the useris enveloped in a world created by the
computer (Wright 91) is perhaps the first human-computer
interface that truly reconnects input and output. Virtual reality
carries the concepts of direct manipulation toanew level, as the
interface device is the user. Virtual reality offers many possi-
bilities in the area of educational technology by allowing the
student to become an active part of the lesson.

Adaptation. Today, the quality of human-computer inter-
action is ata primitive level. Today, the user must adapt to the
computer. According to Shneiderman ‘“computers are avail-
able only to people who devote extensive effort to mastering
the technology. (Shneiderman 4) For many adult users, this is
atmost a frustration. However, for users with physical disabili-
ties or those whose physical abilities are not fully developed
(such as younger children) the limitations imposed by current
computer technology and their interfaces can be very frustrat-
ing. In some instances, these limitations can make the differ-
ence between being able to use the computer or not. Various
adaptive devices are available, but rarely does commercial
software support interface devices beyond the conventional
mouse/keyboard/display combination.

As computers are used by a greater range or people,
understanding the physical, intellectual and personality differ-
ences among users is vital. (Shneiderman 19) According to
Buxton what is required is transparent access to standard
applications. The concept of transparent access is the ability of
standard commercial applications to support any form of
interface simply by plugging the interface device into the
computer. This would be done without any changes to the
existing applications. (Buxton 1991 2.13) Transparent access
to applications would allow the user to select the interface
device best suited to the individual.

Another level of transparency is related to the user inter-
face. The more transparent the user interface the more the user
is able to apply their knowledge directly to the task. When the
user interface seems to disappear, the user is able to concen-
trate solely on the task. That s the paradox of the user interface.
The best interface is the one that no one sees. When that occurs
the user interface is no longer a filter or intermediary between
the user and the computer, it is an aid that enhanced the
communication between the human and the computer.

Human/Computer Interaction Guidelines or Suggestions
The following guidelines were developed by the author
over the last several years and represent the experiences of the

author and other software developers as well as current litera-
ture in the human/computer interaction field. The guidelines
should not be viewed as an exhaustive or complete set of
guidelines, but as suggestions, and recommendations.

The best interface is one that neither hampers nor impedes
one’s progress.

Remember the paradox of the user interface: the best
interface is the one that no one sces.

Never blame the user, blame the user interface: if your
audience is having difficulty in understanding how to use your
application, don’t blame them. Ask them what's confusing,
and make changes in the user interface that get rid of the
confusion.

Follow the principles of direct manipulation:

* All objects should be clearly visible,

* Interaction should be expressedas physical actions (press-
ing abutton, touching a control, pulling down a dropdown
menu) instead of through complex syntax,

* Results of actions on objects should be immediately
obvious (visible) and actions should be incremental (build-
ing on past actions) and reversible.

Before developing the system, understand what the real
goals of the system are; e.g. in the case of an educational
system, what do you want the student to learn?

Be sure that the user interface does not interfere with the
intended goals of the system. In the case of an educational
system, be sure the user interface does not interfere with the
learning experience.

Ask yourself the question “Does the user interface shift
the focus of the user away from the intention of the design?”
Again, in the case of educational software, does the user
interface actually cause the use to learn something different
from what is intended? Does the user interface shift the
attention of the user from the desired learning experience to a
differentone? Simply put, does your interface teach the student
ameaningful experience or does it teach how to use the cursor
keys?

Understand the physical skills of your intended audience.
If your audience is preschoolers, realize that they may not have
the fine motor ability to use cursor keys to move between
objects. A touch screen would be more effective in this case.

Design for the lowest common denominator of user. The
idea is to design the user interface such that it can be used
effectively by the largest possible range of people. Consider
direct manipulation and how it attempts to bring the power of-
the computer to a larger audience.

What's good for the goose is often good for the gander.
This may seem contradictory to the previous suggestion, but
this suggestion focuses on commonality. Realize that while
portions of your audience have characteristics unique to them-
selves, they also have characteristics that are true for the entire
audience. As an example: from personal experience the author
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has the theory that there is little difference between a 4 year
old novice computer user and a 40 year old novice computer
user. The major difference is that the 4 year old has absolutely
no fear of the computer while the 40 year old may experience
some fear of the computer. What they have in common is that
are computer novices, and they will use models of interaction
that have been successful for them in the past. The most
effective interface for one may be surprisingly effective for
the other.

Avoid “dead zones.” A “dead zone” is an area of the user
interface that when accessed no feedback is given. Consider an
interface in which only 6 keys of the keyboard are active,
pressing any other key causes nothing to happen. This is, at
best, frustrating. At the very least, provide feedback to the user
that the “dead zone™ does not cause anything to happen and
point the user to the active areas of the interface.

In contrast to “dead zones,” support exploration of your
interface by the user. Do this by providing occasional surprises
when certain action sequences are made. People, especially
children, like to explore, so reward them for their curiosity.
“Dead zones” punish curiosity by providing no, negative or
inappropriate feedback.

Understand the design approach of a good video game,
and see if you can “imitate” in your application some of the
effective characteristics of video games:

* No error messages—use immediate feedback to show
the user the result of their actions, allow them to adjust
their “position.”

» Use multiple types of rewards to motivate:

* Progressive rewards to motivate the user to improve their
skill. Video games provide multiple, progressively harder
to reach levels to motivate the player to improve their
game skill.

* Surprises to motivate the user to explore for more infor-
mation. Video games use the concept of hidden treasure
or passageways to motivate the player to explore the
environment.

The number of possible actions should be roughly equal to
the number of controls. When the number of actions is greater
than the number of physical controls confusion can occur.
Modem telephones with phone mail capability is a good
example, a great amount of function, but hard to use because
the number of controls is less than the number of functions.
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When the number of possible actions is less than the number of
controls frustration can occur. The controls that have no
associated action are “dead zones,” using them causes no
visible action or feedback.

Consider writing the user documentation before develop-
ing the application. Once the user documentation is complete
develop the application so it works exactly as documented.

Be empathetic of the intended audience for your applica-
tion. When possible take advantage of the intelligence and
experience of the user. Understand the work environment of
the user. My favorite example of applications that don’t
follow this guideline are CAD programs. An ideal tool for the
draftsmen would be an intelligent sketch pad, one that an
experienced draftsman could walk up to and use immedi-
ately, because it was built on the same concepts that a
draftsman leamns as part of his trade. What we have are
applications that force the draftsmen to relearn their skill, to
take a different approach to their work, because of the
limitations of the user interface.
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Abstract
While Computer Aided Instruction (CAI) can be considered a mature technology, Intelligent Tutoring Systems (ITSs) are
still an infant technology. Such systems differ from other software approachesto education by their attempt to provide effective
instruction in problem solving the way a human tutor does. One ITS under current development is the Modern Algebra Tutor
(MAT). The goal of MAT is to develop a computer based tutor that is as effective in teaching introductory Modern Algebra as

a human tutor.

The Novice Model, and how best to represent the student within an ITS, is the Jocus of this paper. Three sets of issues
regarding the design of the Novice Model are addressed. The first issue addressed is a task-analysis of the domain of Modern
Algebra and its associated proof construction techniques. This is necessary in order to chose an appropriate knowledge

representation of the domain.

The second set of issues addressed by the paper are the different cognitive theories of student modeling and the role they play
in the development of ITSs. The student model theories drive the design choices for the MAT project’s Novice Model.

Thistheoretical background motivatesthe final set of issues: The “real world” implementation considerations and decisions
that determine how to translate Modern Algebra concepts into efficient software data structures. These data structures must
correspond to each novices’ knowledge base in order 1o provide individualized instruction. The details of MAT's Novice Model
specifications and implementation are discussed within this background.

Introduction

While Computer Aided Instruction (CAI) can be consid-
ered a mature technology, Intelligent Tutoring Systems (ITSs)
are still an infant technology. Such systems differ from other
software approaches to education by their attempt to provide

effective instruction in problem solving the way a human tutor

does. One ITS under current development is the Modern
Algebra Tutor (MAT). The goal of MATis to develop a
computer based tutor that is as effective in teaching introduc-
tory Modern Algebra as a human tutor.

MAT, and an ITS in general, is composed of four basic
modules: A User Interface, an Expertise Module, a Teaching
Module, and a Novice Model (sometimes referred to as a
Student Model). (See Figure 1 for a graphical representation
of MAT.) The User Interface communicates directly with the
student. The Expertise Module is the “domain expert” that

can actually solve the problems. The Teaching Module isaset

of specifications of how the system should present materials
to the student and controls the actions of the other basic
components.

The fourth component of MAT, the Novice Model, inter-
acts with the Teaching Module to provide information regard-
ing the novice’s knowledge state. This is the system’s current
understanding of the history, capabilities, knowledge, goals,
and misconceptions of the “typical” novice as well as the

novice currently using the system. This information is stored
in the INPDF, the Individual Novice’s Permanent Data File,
and is used by the Novice Model to help the Teaching Module
provide optimal tutoring sessions with individual students.
The Novice Model, and how best to represent the student

. within an ITS, is the focus of this paper. Three sets of issues

regarding the design of the Novice Model will be addressed.
First, to place MAT’s Novice Model in context, it is important
tounderstand the central component of any ITS: The Expertise
Module. Of primary concern will be a task-analysis of the
domain of Modern Algebra and its associated proof construc-
tion techniques in order to choose an appropriate knowledge
representation of the domain. As knowledge transfer is the '
raison d’etre of the project, the representation of this knowl-
edge is of primary importance,

The second set of issues to be addressed by the paperis the
different cognitive theories of student modeling and the role
they play in the development of ITSs. Different student model
theories and how they might be applied to the domain of
Modern Algebra are considered. The student model theories
drive the design choices of the MAT project’s Novice Model.

This theoretical background will motivate the final set of -
issues to be addressed: The “real world” implementation consid-
erations and decisions that determine how to translate Modem
Algebra concepts into efficient software data structures. These
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data structures must correspond to each novice’s knowledge
base in order to provide individualized instruction. The details
of MAT's Novice Model specifications and implementation
are discussed within this background.
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Figure 1. Modern Algebra Tutor System Overview

Background: Modern Algebra Knowledge
Representation

Before the Novice Model can be implemented, the domain
content that forms the knowledge base of Modern Algebra
must be analyzed. As the goal of MAT is to transmit the
knowledge embedded in the Expertise Module, as well as the
representation of that knowledge, this analysis forms the
foundation of the system.

The domain of Modern Algebrais 1deally represented by
what Gagne (1970) refers to as a “prerequisite hierarchy.”
The domain is made up of two basic kinds of knowledge units:
1) Declarative knowledge or facts (e.g., Definition of a
Group); and, 2) procedural knowledge, the knowledge of
how to do things (e.g., How to prove that a Subset of a Group
is in fact a Subgroup). These knowledge units can be decom-
posed into component concepts or prerequisites, e.g., A and
B are prerequisites for C.

The tree illustrated in Figure 2 was based on a protocol
analysis done by Dr. LiSanti of students learning to solve a
problem in the Modern Algebra textbook by Fraleigh (1989).
That problem requires the student to prove that a Specified
Subset of a Group is in fact a Subgroup. This analysis allowed
the writers to establish a hierarchy of concepts that closely
followed the ordering of concept presentation in the text of
Fraleigh. The individual concepts and their interconnecting
structure form what Artificial Intelligence (AI) researchers
call a “semantic network” or “graph” of the relations. Because
the domain is not truly linear in its prerequisites, it was
necessary to structure the concepts as a graph to show that at
some levels concepts are leammed in conjunction with one
another. These “sibling” concepts then are grouped to become
the prerequisites or ancestors for their “children” concepts.
This graph of concepts was used as the foundation for devel-
oping the Individual Novice's Permanent Data File (INPDF),
and will be discussed in more detail later in this paper.
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Theory: Modeling The Student

The studentmodelis amethod of representing the student’s
understanding of the material to be taught. The Novice Model
isused to make hypotheses about the student’s misconceptions
and suboptimal performance strategies so that the system can
point them out, indicate why they are wrong, and suggest
corrections. What the Novice Model should provide the tutor-
ing system is fairly straightforward, how the student should be
modeled is less clear-cut. Approaches to modeling student
knowledge inIntelligent Tutoring Systems tend to fall into two
theoretical camps: Those who view the student’s knowledge
state as subset of a complete model of expertise, the “ideal”
student; versus those who view the student as a catalogue of
internalized misconceptions and errors, the “buggy” student.

The structure of MAT’s Expert Module was a significant
factor in determining the theory of student modeling that
should be implemented. MAT’s Expertise Module is respon-
sible for constructing the Modern Algebra proofs and can be
thoughtof as the “ideal” student. The Novice Model, therefore,
does not need to construct the proofs presented. Instead, the
Novice Model needs to guide the Teaching Module in sequenc-
ing the subject matter. This guidance needs to be adaptive, for
each student, and dynamic, while instruction is happening.

The “buggy* version of the student would be very difficult
to build for the subject of Modern Algebra. In the DEBUGGY
program (Burton, 1982), which was teaching simple subtrac-
tion, 10 primitive bugs grouped with 58 subskills were enu-
merated. In Anderson’s program for tutoring LISP, 325 rules
and 475 buggy rules were enumerated (Anderson & Reiser,
1985). As Modern Algebra is a more advanced form of math-
ematics, the writers concluded that the number of errors that
could occur would be of a much greater magnitude and
enumerating all of them would be beyond the scope of the
project at this time.

Instead, the MAT Novice Model uses the theory of the
“overlay“ student model that was first proposed in Carbonell’s
(1970) SCHOLAR project and later expanded in Clancey’s
(1979) GUIDON and Carr and Goldstein's (1982) WUSOR
projects. The student can be represented by the set of subject
matter units mastered, in this case the Modern Algebra con-
cepts the student knows how to apply. Each student is repre-
sented in MAT's Individual Novice Permanent Data File
(INPDF) as a network of tick-marks which, as it were, is laid
over the representation of the domain of Modern Algebra to
show which concepts the student has already mastered. As
discussed by Ohlsson (1987),

From the overlay point of view, the student knows a subset
of what a domain expert knows. Learning is the process of
acquiring a progressively more complete subset of the expert's
knowledge units, but different learners can acquire those units
in different orders, so that two learners who have roughly the
same amount of knowledge can, nevertheless, know very
different things. (p. 207)

Although a “buggy” student model was not chosen, the
ability to handle misconceptions was built into the Novice
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Model. Certain record keeping fields of MAT’s INPDF will
allow the Teaching Module, in conjunction with the Novice
Model, to do some bug diagnoses (see discussion of implemen-
tation details below). Burton and Brown (1979), suggest hav-
ing the student model program make a note every time it has
evidence of the student acquiring a required skill. This type of
model is useful in formulating feedback; particularly in dis-
tinguishing careless mistakes or “slips” (in skills the student
has mastered) from real misconceptions (in skills the student is
working to acquire).

While no tutor can read a student’s mind, this version of
astudent model will allow MAT’s Tutoring Module to make
inferences regarding the cognitive state of the student. The
tutor will be able to assess not only how much a student
knows, but what a student knows. Because the Novice Model
dynamically updates the INPDF, instant diagnoses of the
student’s needs can be delivered to the Teaching Module.
This will allow MAT to deliver an individually tailored
instructional plan to each student.

Implementation: MAT’s Novice Model

After choosing the overlay theory of student modeling as
the paradigm to be implemented as MAT’s Novice Model, the
knowledge representation of the list of concept specific plans
must be turned into executable computer code in order to have
any “real world” usefulness. Park’s (1988) definition of the
overlay student model is useful to keep in mind:

The student model consists of three subcomponents: (a)
The student knowledge base and performance history, (b)
learning deficiencies and leamning needs catalogues, and (c) a
data base of individual difference variables. (p. 8)

These criteria were expanded by Dr. LiSanti to a list of
seven specifications that are necessary to create a working
novice model. How these specifications were implemented in
the MAT project, and how they form the “overlay” of the
student is discussed below.

MAT was implemented onaNeX T workstation using the
Objective C object-oriented language. Figure 3, the “Concept
Inspector”, or visual interface to the INPDF, is a concrete
representation of an individual concept. Each concept has
associated fields and switches that are the tick-marks dis-
cussed by Ohlsson (1987). Each concept also has a list of
related concepts, both ancestors and siblings (the “Lower
Concepts” panel in Figure 3), that represent the graph of the
partial domain of Modern Algebra (Figure 2). The concepts,
when grouped together in an ordered list, form the overlay of
the student model.

1. Alist of concept-specific plans whose use the novice has
mastered. As implemented, the concept-specific plans are
the basis of the Individual Novice's Permanent Data File.
Each concept can be thought of as its own object (in Figure
3 the concept shown is Group). These concept objects
when grouped form a list of concepts. (Fortunately, in
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Objective C there is an object that handles ordered groups
of objects that is literally called a List. This coincidence
makes the rest of the implementation explanation much
easier.) In addition, each concept is linked to its ancestor
and sibling concepts (“Lower Concepts” panel, Figure 3).
Itis this linked list that corresponds to the semantic net or
graph of concepts represented in Figure 2.

A list of concept-specific plans whose use the novice has
attempted to master, but has failed in the attempt. In the
Novice Model, lists of unsuccessful, not mastered, con-
cepts are only created upon request. When an individual
concept’s “Success” switch is not set, or at any other time
the Teaching Module may need the information, the
Novice Model can create a list of unsuccessful lower
concepts associated with any given concept. The first
unsuccessful concept in the list will be the concept cur-
rently being taught; a recursive function is then called to
search that concept’s “List of Lower Concepts”. For each
unsuccessful lower concept encountered, an addition is
made into a “List of Unsuccessful Lower Concepts”, and
this is then passed to the Tutoring Module for further
diagnosis. As an example, if astudent has not successfully
mastered any of Group’s lower concepts, the Novice
Model would provide the Teaching Module with the
following list: Group; Set; Associative; Identity; Inverse.
The Teaching Module can use this list to direct the
teaching strategy for that student.

A list of proofs successfully completed by the novice.
Associated with each concept are three problems, most of
which are proofs, that have as their key a field to hold the
problem’s “name”. For the concept Group the three asso-
ciated problems are: Order of Group Axioms; Inverse of
Triple Product; and Existence of Solution. These prob-
lems, in themselves, contain a field that records the num-
ber of times the student has attempted the problem (“At-
tempts” field), as well as a field that shows whether
mastery has been achieved (“Success” switch).

A list of proofs partially completed by the novice and for
each such proof a list of lowest level sub-goals that the
novice has established. Each problem/proof has an asso-
ciated array, or checklist, of up to ten sub-goals. The
Tutoring Module can use this array to track which sub-
goals have been mastered. For example: To achieve “Suc-
cess” for Problem 1, Order of Group Axioms (Figure 3),
there are six possible orderings that first must be identified
and then, one by one, verified or eliminated. This is

.another example of how the Novice Model tracks the level

of skills the student acquires over time.

Alistofdiagnosedmisconceptions revealed by the actions
of the novice and for each misconception the context in
which it was diagnosed. Like the structure of problem
lists, lists of misconceptions are associated with indi-
vidual concepts. Each concept has up to three associated
misconceptions, or bugs, that can be used individually or
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in combination. Associated with each bug is an “Encoun-
tered” field that keeps a running total of times the miscon-
ception was exhibited, and a “Resolved” switch that is set
when the student has unleamed the misconception. The
context in which the bug was last diagnosed is determined
by the “Context” field. If the “Resolved” switch for a
particular bug is set, and the student later encounters the
same bug, the Novice Model will diagnose this as a “slip”
or a careless mistake.

6. A list of unpredicted responses and the context in which
eachresponse occurred. This is the only specification not
currently implemented. The writers assume this will be a
separate file containing bug responses that the system
could not handle. The Teaching Module could be respon-
sible for opening and maintaining this file.

7. Theinstructor’s specifications regarding semi-passive ver-
sus active mode and the level of assistance 10 be supplied to
the novice. This is the “level” field and “Active/Semi-
Passive” switch in each concept object. These two fields are
used to determine the amount of coaching the student
receives. Because MAT will be a “leaming by doing”
system, with students generating proofs on their own in the
Teaching and Review Modules, appropriate coaching will
be given. The coaching can take the form of hints, cues or
corrections. How much, and what form, the coaching takes
is dependent on the level of assistance determined by the
tutor. This in turn can be used by the Tutoring Module to
determine the kind and amount of remedial instruction
given. The instructor specifies this field within each concept
object by manually assigning a value to the field.

When taken together the INPDF and the Novice Model
contain the three subcomponents discussed by Park above. The
student knowledge base and performance history represent the
student’s most recent performance and mastery level. The

Figure 2. Concept Hierarchy
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leamning deficiencies and learning needs “bug” fields represent
the student’s misconceptions and suboptimal performance
strategies that may have been used to construct proofs. These
components form a data base containing the student’s impor-
tant individual differences. When combined with the diagnos-
tic capabilities of the Teaching Module, the tutor is able to infer
certain things about the current cognitive state of the student as
she attempts to learn Modern Algebra proof construction.

Conclusion

At this time the Novice Model is the only component
fully implemented for the MAT project. The object-oriented
paradigm allowed the Novice Model to be built indepen-
dently of the rest of MAT’s modules. Although the Teaching
Module is currently under development, the interface be-
tween it and the Novice Model has been thoroughly tested.
The Novice Model is able to respond to all messages request-
ing information concerning the state of the student’s current
knowledge; as well as diagnosing some aspects of the student’s
performance. The Novice Model implements aspects of both
the “overlay” and “buggy” theoretical models of the student.
This allows the MAT project to support an individualized
instruction teaching strategy. '
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Projects (M3.9
Teacher Train:

Learning About ILSs: What Has Research Shown?
Ken Brumbaugh and James L. Poirot

Texas Center for Educational Technology

University of North Texas

Denton, TX

nal Applications

Abstract

During the 1990-92 period, the Texas Center for Educational Technology (TCET) has conducted a variety of research and
development projects related to learning more about the use of Integrated Leaming Systems. This session will highlight
several of the public-private collaborative efforts, which were supported by several different ILS companies. Research
efforts to be discussed include: creating a set of instruments for use in preparing to use ILSs, evaluating the effective of ILSs
in special learning situations, identifying learner characteristics of successful ILS students, and creating a general planning
guide for decision makers who might be considering the use, or greater use, of ILSs. Results that have been shared with
Texas educators will be available for preview and discussion.

“Kids”’ CAMP: Computer Animation Macintosh Project
Chris Carey and Jan Blau

Edgewater High School

Orlando, FL

Abstract

Economically disadvantaged students at Robert E. Lee Middle and Edgewater High School, Orlando, Florida have an
opportunity to explore Computer Animation, a career that would not normally be available to them. The Computer Anima-
tion Macintosh Project (CAMP) is funded through a Crossroads II grant from Apple Computer, Inc., a Business Partnerships
grant from the state of Florida, a grant from the Edgewater High School Foundation, Inc., and a Christa McAuliffe Fellow-
ship award. Funding for this program thus far exceeds $250,000. Students in the eighth grade who are potential dropouts
and have an interest in computers and drawing are targeted at the middle school level in the hope that these students will
continue their education instead of dropping out of school. Students leamn basic drawing and animation skills, storyboarding,
and product creation. They also create visual product portfolios they can use when applying for jobs or college entrance.
The students emerge from this program with computer graphic skills enabling them to seek entry level jobs in the work force.
Come and learn how the program began and the progress that has been made thus far during the program’s second year in
operation.
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Managing the Mid-Life Crisis: New Directions in Instructional Computing
Sandra Etheridge and Joseph Howell

Gulf Coast Community College

Panama City, FL

Abstract

The community college movement has begun to experience the tell-tale signs of mid-life crisis: the sense of stagnation,
the need for renewal and reaffirmation, the challenge of recommitment to positive contribution in the future. With their roots
in the mid-1950’s, many community and junior colleges are now approaching the end of their fourth decade. Rapid structural
growth and curriculum expansion came in the 1960’s as did a wave of new faculty members. In some instances, this particu-
lar group still constitutes the bulk of the faculty. But as these faculty members approach retirement eligibility, community
colleges are being faced with a twin dilemma: (1) how to integrate new methods and technologies into the entrenched
teaching styles of a mature faculty, and (2) how to best anticipate the rapid changes which are sure to follow mass faculty
turnover in the near future.

At Gulf Coast Community College, these challenges are being addressed by a Faculty Development Project begun nearly
four years ago which is designed to quickly move faculty members from simple computer literacy to aggressive in-class and
laboratory academic computing. This presentation will tell the story of GCCC’s “revisioning” of its instructional goals and
methods,

A Mathematics Computer Lab from Concept to Completion
Paige A. Lado

Gainesville High School

Gainesville, FL

Abstract

Project IMPACT (Increasing Mathematics Potential through Access to a Curriculum Enriched by Technology) is an
innovative attempt to increase the mathematics potential of high school students by granting them access to a state of the art
computer lab equipped with a spectrum of mathematics software and multimedia equipment as well as equipping teachers
with the latest technology to enable them to present the traditional curriculum in new and exciting ways.

This presentation reviews the project from conception to implementation including the following: goals, writing the grant
proposal, teacher involvement and decision making, evaluation and purchase of equipment and software, teacher training and
staff development, set up and implementation of the project, methods of evaluation, and future plans.

Project IMPACT is funded by a State of Florida Innovative Technology Grant and is located at Gainesville High School
in Gainesville, Florida. Project IMPACT is a non commercial venture.
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Projects (M3.10)
Multimedia

Connecting Students and the Community Through Hypermedia
Larry Adamson and Ty Pelfrey

Live Oak Middle School

Live Oak, CA

Abstract
Students are literally converting their town into hyperstacks. They have assembled a Multimedia Demographic Database
and with the help of their community are creating a product comparable to a computerized Foxfire.

Communicating in Public: Native American Students Develop Multimedia Museum Displays
Doreen Bailey and Dan Ferguson

Santa Fe Indian School

Santa Fe, NM

Abstract

The main purpose of the collaboration between Santa Fe Indian School and the Bureau of Land Management that resulted in
the Hupobi Heritage museum display was to involve Pueblo Indian youth in interpreting their cultural heritage for non-Native
Americans, while providing the students with technical training and enriched educational opportunities. The main outcome:
students from the Santa Fe Indian School created an interactive, multimedia display for the new Gateway to the Past Museum at
the Ghost Ranch Living Museum, a New Mexico location that attracts over 100,000 visitors a year.

The computer exhibit celebrates the architecture, agriculture, technology and history of Hupobi, an old Pueblo town located
north of present-day Ojo Caliente, NM. Hupobi, and other ruins along the Rio Ojo Caliente, are ancestral to the students’ home
community, San Juan Pueblo. For the exhibit, the students interviewed Pueblo elders and artisans, archaeologists and
anthropologists, researched topics at the Laboratory of Anthropology collection, the New Mexico Historical Archives and the
School for American Research, and used our own strong Indian Collection at the Santa Fe Indian School Library Media Center
to gather information. After the research specialists and the student intemns completed the research, they storyboarded the
production and developed a pictorial flowchart showing both screens and paths. Collected images were scanned and refined. The
students digitized, edited, and compiled video sequences and audio narration. Under the guidance of computer specialists, students
imported QuickTime, pictorial and sound elements in MacroMedia Director 3.1 and scored each section. Beyond the computer
skills the students acquired, they also received exposure to potential careers in photography, videography, history, archaeology,
anthropology, museology and resource management. Most importantly, they gained renewed respect for their cultural heritage,
which has maintained its way of life in Northern New Mexico for over 2,000 years.

The project was evaluated by three instruments, reflecting the viewpoints of the students, educators and clients. These
evaluative instruments and results are available upon request, but a more meaningful summation on the value of the project might
be the comment of one of the student participants: “Iam very proud of the project. Itis better than the others I saw and itis something
that everyone can see.”
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Hurricane Andrew: A Kid's Perspective
Beverly Cameron and Helen Blanch

G. Holmes Braddock Senior High School
Miami, FL

Abstract

Students enrolled in computer education classes at G. Holmes Braddock Senior High School, in Miami, Florida, began an
exciting project unparalleled anywhere in the country. Theirassignment: First-hand research of Hurricane Andrew and the effects
of its aftermath.

These students are gathering photographs and video clips as well as taping interviews of victims, relief workers, journalists,
storm experts, environmentalists, and politicians. They are conducting extensive research through a variety of formats such as
on-line data bases, print media resources, and field trips.

The visual information that they accumulate will be edited, transferred to tape and later pressed on a laserdisc. In addition,
the students are creating accompanying computer-based lessons using multimedia, presentation and graphic software for the
Apple II, Macintosh, and MS-DOS computers.

This non-commercial project is being produced by kids for kids. Itis our hope to share the final product with all the high schools
in Dade County free of charge. Allimages appearing on the laserdisc and computer software, therefore, must be public domain
or donated to the project.

Our presentation of this project at NECC *93 will include a brief description and visual displays illustrating the chronological
progress throughout the school year. In addition, portions of the final multimediapackage will be available for participant viewing.
Detailed handouts will be distributed to attendees.

Chemical Conjurings: Student Multimedia Simulations
Vito M. Dipinto and Bonnie Thurber

National-Louis University

Evanston, IL

Abstract

The Chemical Conjuring Project is an expression of the continuing philosophy that guides the teaching of middle school
students at the Baker Demonstration School (BDS) of National-Louis University. Content and process skills are integrated
throughout the curriculum. Students construct their knowledge in a collaborative environment.

This project involves the eighth grade students at BDS, the science teacher, the technology teacher, and selected students
in third, fourth, and fifth grades. As an essential element of their study of chemistry this year, the eighth grade students are
designing a hypermedia simulation of a chemical investigation to introduce a third, fourth or fifth grader to the study of
chemistry. The simulation is a preview for an actual investigation the individual third, fourth, or fifth grade student will
perform under the guidance of the eighth grader.

The presentation of the Chemical Conjuring Project will include an example of one of the simulations, video tape
highlights of the interactions between the eighth grader and the lower grade student, and a discussion of the themes emerging
from student reflective writings on this experience and observational and anecdotal data from the teachers.
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Projects (M3.11)
Logo & Instructional Applications

Polygons to Fractals: Logo Work With a Mathematically Gifted Student
Eadie Adamson

Educational Consultant

New York, NY

Abstract

If it is true, as Sylvia Weir has said, that learning disabled children show us normal learning in “slow motion,” the
experience of working with an exceptionally gifted child shows us learning in the “fast forward” mode. Two years ago a
mathematically gifted fourth grade student was permitted to spend the year working with LogoWriter as a substitute for a
fourth grade mathematics class. For the teacher, this work was a challenging and exciting collaboration with a student in
which the changing role of teacher came strongly to the fore. For the student, it was a year in which intellectual challenge
and pursuit of knowledge tumed in new directions. The activities pursued and the results of one-on-one study give us a
glimpse into the challenges and benefits of one very individualized collaborative approach to learning.

Beginning with polygons, moving on to writing functions, creating tessellations, and programming an orbiting meteor, the
year’s work also included exploring game-writing and inquiring into fractals. The astonishingly rapid grasp of complex
programming ideas made this an exciting and very stimulating time for both teacher and student.

Projects developed in the course of this remarkable year of study will be demonstrated and discussed. Plans are to
continue working with this student in the coming year. This is a non-commercial project.

This abstract was taken from the author’s originally submitted proposal

Using Logo to Teach Critical Thinking Skills
Ron Place, Mike Sansing, and Chuck Auck
Logo Curriculum Publishers

Colorado Springs, CO

Abstract

Over the past seven years, classroom teachers Ron Place, Mike Sansing, and Chuck Auck of Colorado Springs, Colorado,
have developed a computer curriculum to teach problem solving strategies and critical thinking skills. These materials have
been used successfully as individual lessons at the elementary and middle school level and as a full semester computer
science curriculum at the high school level.

This curriculum utilizes a turnkey approach. Each lesson is comprised of teacher materials with a corresponding handout
for the students. The student worksheet incorporates the directed discovery approach to challenge the student to find the
most effective way to solve the assigned problem. Students learn that the solution to any problem is a function of the
surrounding circumstances. The graphics environment generates enthusiasm. The emphasis on top-down diagrams develops
good organizational skills. The students are truly excited about attending class and begin working on their assignments
before the bell rings. Beginning students who have used these materials in introductory courses have progressed through the
higher level programming courses at a faster pace with great success.
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The Middle School: Don’t Work Easy, Play Hard!
Marian Rosen

Ladue Public Schools

St. Louis, MO

Abstract

At Ladue Junior High School in St. Louis, Missouri, all 250 sixth graders take a course titled Computer Assisted Think-
ing, or CAT, for short. The beliefs behind the course are (1) that all students need to have the kind of challenges that are
usually offered only to the “gifted” and (2) that computers provide a unique opportunity to make this possible. An extension
of this course is also available as an elective in the seventh grade. LogoWriter and Lego-Logo are important components of
these courses.

This presentation will concentrate on the beginning Logo project which teaches the geometry of polygons, and the use of
variables. The project is defined in such a way that slow students can succeed and faster students may excel. Samples of
student work will be shown, and there will be a handout of the materials used to make this project successful.

In Bloom’s Taxonomy, application, analysis, and synthesis are considered higher than knowledge. Itis often true in Logo
classrooms that students know how to draw polygons or use a variable, but can’t use this knowledge to analyze a problem or
Create a drawing or to independently recognize places where variables are useful. Time permitting, this presentation will
include a brief discussion of teaching tricks that help facilitate this development.

There is no commercial product or venture involved in this project. The information given is applicable to all versions of
Logo.

This abstract was taken from the author’s originally submitted proposal
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Projects (M3.12)
Teacher Training

Making Magic in Texas: Telecommunications Assist Universities
Brad Chilton

Tarleton State University

Stephenville, TX

Abstract

The “magic of technology” in telecommunications is being made available to present and future educators through the use
of The Texas Education Network (TENET) at Tarleton State University located in Stephenville, Texas. Through the use of
TENET, teachers are being exposed to the wide range of telecommunication services that may assist in the instruction of
students.

The creation of TENET was mandated by the state legislature. The network provides the capability of access to every
school district in the state. Fifteen metropolitan centers have local telephone access while 800 telephone service is also
provided. The chief services offered by the network include electronic mail, news groups, conferencing, databases and
internet resources.

TENET is currently reinforcing the arrival of the “age of technology” at Tarleton. At the undergraduate and graduate
levels, it is currently being taught as a major component in several courses.

University students at every level seem amazed at the “magic of learning” offered by TENET. Tarleton State University
hopes that it will be able to assist in the growth of the use of telecommunications by exposing educators to the uses of
TENET. '

Mathematics Education and Advanced Technologies: A Collaborative Inservice Model -
Neal Grandgenett and Robert Mortenson

University of Nebraska at Omaha

Omaha, NE

Abstract

It is becoming increasingly difficult for mathematics teachers to stay knowledgeable on new and emerging technologies
for use in the secondary mathematics classroom. A collaborative inservice model is being used in Omaha, Nebraska to help
train teachers in six different metropolitan Omaha school districts on advanced mathematics education related technologies.
The inservice model in the project uses awareness, experience, and integration related phases of activity to assist teachers in
using a variety of advanced technologies for classroom instruction. Instructed technologies in the project include spread-
sheets, graphing calculators, hypermedia, symbolic processing packages, computer aided design, and statistical analysis
packages. Initial indications suggest that the inservice model being used is an effective way to help teachers integrate
technology into their districts’ courses and curriculum. In particular, the inservice project appears to be very successful in
encouraging teachers to become active technology users in their own classrooms, and to assist colleagues with related
technology interests in learning more about educational technology and its applications.
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EPSS: A New Approach to Staff Training
Pamela Zimpfer and Doris Nabi

Center for Educational Technology

Florida State University

Tallahassee, FL

Abstract

This presentation will provide an overview of electronic performance support systems (EPSS). EPSS is the new discipline
that emerged from a business and industry community frustrated by the need to increase competency and performance of
employees and the inability of traditional training approaches to effectively and efficiently meet that need.

The goal of an EPSS is to provide staff with embedded job performance aids and learning sequences, tied to specific job
tasks and learning needs, that are accessed at the moment of need. In the past, this kind of job support could be provided only
by supervisors, trainers, and peers. Advances in technology and research into performance support systems now make it
possible to model, represent, structure, and implement that support electronically.

As the focus of this initial application of EPSS, staff who provide education and services for exceptional students are
targeted because of their critical job performance requirements. In particular, these staff require detailed information, access
to current practices, and a wide variety of data to meet the individual needs of each student. The project is sponsored by the
Florida Department of Education’s Individuals with Disabilities Education Act (Part B), Special Projects.

This project is currently a non-commercial initiative.

This abstract was taken from the author’s originally submitted proposal
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Projects (M3.13)
Multimedia & Instructional Applications

See to Say Multimedia Literature Experiences for Bilingual Children K - 5§
Jack Baumann

Sharon Gallivan

Grace Hom

Los Angeles Unified School District

Model Technology Schools Project

Los Angeles, CA

Abstract
We have observed that many of our limited English children enter school with a lack of experiential knowledge that
prepares them to understand the curriculum of a traditional classroom. A “Family Profile Survey” showed that less than 40%
of our 1800 students have visited the zoo, beaches, or any of the local museums, all of which are within a 20 mile radius of
our school.

“See to Say Literature” bridges the visual needs of the children with the communicative goals of the State of California’s
Language Arts and Science Frameworks. Through interactive laserdisc and computer activities, our children are able to see
for themselves what they have not been able to experience first hand. Thus their language capabilities increase substantially
with every exposure to multimedia experiences. It also provides the children with means to write what they have seen or read
about and to create stacks/folders to organize and maintain information for future reference or presentations. The children’s
response to leaming in this modality has been tremendous. Both teachers and children express a greater joy and continued
desire to create more and more exciting “See to Say” presentations and interactive stacks/folders to enrich their daily educa-
tional program.

750,000 Students Under the Sea: Supportive Bilingual Multimedia Science
Ward Cates

Lehigh University

Bethlehem, PA

Abstract

This presentation discusses design work underway at the S.M.A R.T. (Science Model Area Resource Team) Center at
Lehigh University. The Center is designing a multimedia learning environment for science instruction based on the Jason IV
Baja California Sur project. The Jason IV project took place this year off Baja California and Mexico, exploring whale
migrations, plate tectonics, biological activity, and newer scientific technologies. Students from all over the world participate
in the Jason project, and this year it broadcast in both English and Spanish.

This presentation discusses the design of that computer-based learning environment. The environment encourages
scientific exploration and manipulation, while at the same time providing lots of instructional support for learners in the form
of built-in advisement and coaching functions, a formal link to curricular emphases, and support for hypothesis-testing.
Taking advantage of the Jason project’s bilingual broadcasts, the design incorporates bilingual features; bilingualism is not
simply an add-on or afterthought.

Illustrations of specific computer screens and incorporated advisement features are discussed, as are ways in which
teachers might make the most of instructional products utilizing such a design.

0
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Enabling Students Through Hypermedia and Multimedia Creates Magic
Terry Cahill Frost and Barbara Awerkamp

Arizona State School for the Deaf and Blind

Tucson, AZ

Abstract

Pilot classes at the Arizona State School for the Deaf and Blind are now in their second year of an Apple Crossroads
Grant. Two of its elementary Deaf classrooms have used an integrated approach for learning English through reading and
writing with the use of hypermedia and multimedia projects. Yes, it is possible to have second and third grade students be
active participants in using hypermedia in all aspects of learning, not just for the finished project! We will demonstrate how
the students were able to gather information, synthesize and then apply what they had leamned using hypermedia as their basis
for gathering and implementing research. We are concerned with the process of learning as much as, if not more than, the
final product.

Our focus of leaming was “Community and Culture.” The children developed interview techniques to learn how mem-
bers of the Deaf community impact Tucson. They have taken this information and, with the help of Bank Street Writer, have
gone through all the steps of research and process writing to produce a project to show their fellow students and the Deaf
community. These students were able to implement such skills as using QuickTime, scanning various materials and access-
ing audio clips.

Our students’ confidence soared in all areas: computer skills, interpersonal relationships, and communication skills in
both American Sign Language and written English. The students also have a real sense that when they grow up as Deaf
members of this society there is a place for them!

Infusion of Technology into the Curriculum
Carolyn Chambliss, Diane Kornegay , and Debra Bell
Andrew A. Robinson Elementary School

Jacksonville, FL

Abstract

Session participants will see how a large, inner city elementary school uses technology to enhance the productivity of teachers,
students, and administrators. Participants will learn how the infusion of technology into the curriculum motivates performance
of underprivileged, at risk students. Participants will learn how technology can be used to address multiple leaming styles,
facilitate cooperation, and promote lifelong learning skills. An emphasis will be placed on the use of technology as a tool which
empowers students to pursue purposeful academic exploration and extend critical thought. A variety of teacher/student products
created with HyperCard, MacroMind Director, and Adobe Premier will be demonstrated and discussed along with several
alternatives to traditional research reporting. The presentation will focus on how the use of computers operating in classrooms
and labs, astill photography lab, a video production and distribution system, an interactive multimedia production lab, integrated
leaming systems for reading, mathematics and science, and a research lab in the media center can be used to build and enhance
academic performance within all subject areas.
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Projects (M3.14)
Potpourri

Evaluating the Academic Impact of Technology in Science
Shirley Becnel

Jefferson Parish Public Schools

Marrero, LA

Abstract

For the past four years, the Chapter 2 department of the Jefferson Parish Public School System has supported a district-
wide science technology project involving 12 middle/junior high schools. The purpose of the project is to select and use
appropriate computer software and hardware in the district’s science curriculum. The project is being implemented over a
five year period with both process and product evaluations taking place throughout this period. During the first two years of
the project (1988-90), the focus was teacher training and preliminary field testing in the classrooms. The third year of the
project (1990-91) involved the formal use of the software in the classrooms as part of the instructional program. The fourth
year (1991-92) of the project focused on the controlled use of specific software titles in the seven major secondary science
areas. Using an instructional design model which included specific assessment measures for each class, data were collected
regarding student population, the academic achievement of the students, the instructional processes used by the teachers, and
the perceptions of the participants re: the effectiveness of the software delivery system. The purpose of the evaluation was to
assess the degree to which the instructional software impacted student achievement in science. Fifty-nine regular classroom
teachers and 1,868 secondary school students participated in the project, and data from the 63 field tests were used to assess
program effectiveness.

Assessment of the project’s success was predicated on the evaluation component included in the instructional plan
submitted by each teacher. Each plan included goals and objectives specific to the software title, a pre and post measure of
student performance, and a description and copy of the test materials used to assess student knowledge. Project data were
collected via two project status forms and were entered into a PARADOX relational data base for manipulation and linkage
with the district’s testing files. Each field test was evaluated both individually, using criterion reference measures, and on a
district level, according to the software titles used with the students.

The analysis of the data showed that the product design was appropriate and that 87% of the teachers implemented the
field tests as proposed. 98% of the titles were appropriate for classroom use, and 85% were effective in improving student
performance. Only one software piece used this year was deemed to be too cumbersome for effective use. Three titles
contributed to significant increases in student performance, and these titles will become required instructional activities in the
1992-93 school year. The overall instructional design, as well as the data collection procedures, continue to yield useful data
and will be used in the fifth and final year of the project (1992-93 school year).

The proposed presentation will include a discussion of the data re: student performance and a listing of the hardware and
software used in the project. Copies of the instructional model, reporting forms, and evaluation design will be distributed.

This project was funded by federal monies allocated to Jefferson Parish and is a non-commercial venture.

This abstract was taken from the author’s originally submitted proposal
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Respect and Recognition: A Staff Development Model
Cathy Hutchins and Roger Coffee

Webster Elementary School

St. Augustine, FL

Abstract
This presentation will outline how staff development has played a critical, yet vital role in a designated Florida Model
Technology School. Teacher inservice training using various types of technologies including the use of Apple and IBM - - -
computers, networked and individual workstations, camcorders, CD-ROM, videodisc players, hypermedia and video produc- -
tions will be discussed.
Now in their third year of the project, they will share their successes, pitfalls, and tips, including a unique concept known -
as “teacher experts.” A media presentation featuring staff development highlights and teacher samples will be shared.

Hi Tech Summer School—Chapter One Students
Kathy Rehfield-Pelles

NY Public Schoals

White Plains, NY

Abstract

In the summer of 1992, the White Plains Public Schools in New York made a commitment to extend the school year for
students in the Chapter One program and to provide them with a summer school program for the first time. After evaluating
several different designs for keeping these students involved academically during the summer, and for encouraging their
involvement with the language skills of reading, writing, and speaking, the district adopted a Hi Tech model.

The Hi Tech Summer School utilized the computer, video, TV, audio and related equipment from throughout the entire
district. The presentation will present some of the thematic units undertaken in the curriculum and some of the products
produced by students. It will highlight the software used successfully in the program, as well as some of the creative applica-
tions developed for software. The evaluation of the program will be shared in the presentation, along with the design
elements considered crucial for the future success of this Summer School model.
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Posters (M3.15)
Teacher Training

Preservice Teacher’s Ability to Evaluate CAIL: Do Advanced Organizers Help?
Robert Fons

Central Kentucky Education Cooperative

Lexington, KY

Portfolio Assessment/Technology/Teacher Preparation: Experiment in Progress
-Kathy Hammons, Patricia Kalfsbeek

Saint Mary's College

Danville, CA

Developing Technology Leadership in School Library Media Specialists
Nancy Todd

Eastern Washington University

Cheney, WA

Computer Literacy as a Process
Marty Wolf

Minnesotta State University
Mankato, MN

oD

The Magic of Technology 9

69



Spotlight Sessions (M4.1)

The Future of Textbooks: Electronic vs. Print
Sylvia Charp
T.H.E. Journal

Mike Eason
Florida Department of Education

Janelle Leonard
Texas State Department of Education

Bill Barnernt
Harcourt, Brace, Jovanovich, Inc.

Abstract
This panel will discuss the electronic textbook — what is available today and what is coming in the future, how it

will impact our schools and the textbook publishers, the potential of the electronic textbook to enhance education for teachers
and students, as well as potential pitfalls.

This abstract was taken from the author’s originally submitted proposal

Spotlight Sessions (M4.2)

Electronic Assessment
Irwin Kirsch

ETS
Jerry Morgan
Abstract
Abstract not available at press time
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Spotlight Sessions (M4.3)

It Takes Two to Tango: Hypermedia and Videodiscs
Perry Reeves

Pioneer New Media

Carson, CA

Roger Wagner
Roger Wagner Publishing, Inc.
El Cajon, CA
Abstract

Abstract not available at press time

Spotlight Sessions (M4.4)

Applying Technology Standards in the Accreditation of Teacher Preparation Programs
Joyce Friske, Panel Chair
Jenks Public Schools
Jenks, OK
Abstract

The ISTE accreditation committee will discuss the programs in educational computing and technology that have been
recently approved by NCATE, and their potential impact as they are applied in technology teacher preparation programs
throughout the United States. Examples will be presented that describe how those standards can be applied in the areas of
computer/technology literacy, computer science education and educational computing, and technology leadership programs.

The committee will also discuss changes that have been recommended to NCETE from ISTE concerning the unit accredi-
tation standards, and provide examples of how teacher preparation programs are applying them in the preparation of all
teachers.

As a part of this session, participants will be asked to share and discuss their experiences, perspectives, and/or concerns
about accreditation programs in educational computing and technology and to respond to those NCATE unit standards that
have an impact on the technology preparation of all teachers.

Panelists:

LaJeane Thomas
Louisiana Tech University
Ruston, LA

Don Knezek
Educational Services Center, Region 20
San Antonio, TX

Sally Sloan
Winona State University
Winona, MN

Harriet Taylor
Louisiana State University
Baton Rouge, LA

James Wiebe
California State University—Los Angeles
Los Angeles, CA

The Magic of Technology 1 O :) 71
o :




Society Sessions (M4.5)

Teaching With A Story Generator

Association for Small Computer Users in Education (ASCUE)
R. Waldo Roth

Taylor University

Upland, IN

Abstract

This session will discuss and demonstrate a software program, The Linear Modeling Kit, and its use in the classroom. The
LMK generates narratives according to principles it is given by the user. These principles may be abstracted from formal
literary theory or they come from the user’s own ideas about a particular kind of narrative. Once the principles have been
entered as elements and combinatory rules, the program will generate a variety of narrative skeletons.

In the classroom, use of the LMK stimulates and focuses discussion of narrative and allows narrative theories to be tested
by their productivity: do they allow the LMK to generate the kind of story they claim to describe? If not, is the problem in the
ideas or in the attempt to get them into the LMK?

Although we have used the program primarily in undergraduate literature courses, we will suggest how it might be used in
secondary schools and in other disciplines.

The session itself will be an interactive one with participants becoming a class in which this new teaching tool is used.

Panelist:

Peter Havholm and Larry Stewart
The College of Wooster

Wooster, OH

Society Sessions (M4.6)

Making REAL Internet Connections: Experiences from the National School Network Testbed
Society for Computer Simulation (SCS)

Denis Newman

Bolt Beranek and Newman Inc.

Leucadia, CA

Paul A. Reese
Ralph Bunche School
New York, NY

Abstract

We have begun to extend real Internet connections to schools as part of a project to test the feasibility of a national school
network. The goal of such a network is to make available to schools up-to-date scientific resources, to engage students and
teachers in authentic problem-solving, and to support the implementation of advances in pedagogy and educational technol-
ogy. This special session will report the results of our first year of work during which we established, with the support of the
National Science Foundation, a prototype network connecting schools, school districts, and national organizations, each with
their own network information servers, directly to Internet regional providers. Teachers, students and administrators in
Massachusetts, New York City, and San Diego County are among the very first in the country to be experimenting with
direct network connections between their desktop computers and the worldwide Internet. These REAL Internet connections
(in contrast to the dialup, terminal-host connections typical of almost all telecomputing in the schools) provide immediate
access to multimedia e-mail, world-wide bulletin boards, multi-user simulations, and massive databases maintained by
universities, libraries and government agencies.
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Society Sessions (M4.7)

Alternative Approaches to Laboratories for Introductory Computer Science -
Special Interest Group on Computer Science Education (ACM / SIGCSE)

Lillian Cassel, Moderator

Villanova University

Debra Burton, Presenter
University of Texas, Austin

Abstract :
The following four approaches will be discussed and materials will be demonstrated: -

1. Closed labs
2. Supervised labs

3. Independent labs
4. Demonstration labs

This abstract was taken from the author’s originally submitted proposal
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Paper (M4.8a)
Learning With Computer Software:
What Knowledge Actually Transfers?

Robin H. Kay
University of Toronto, Canada

Abstract .

The notion of transfer, or the extent to which knowledge acquired in one situation transfersto another situation, is particularly
important intoday’s rapidly evolving computer sofrware market. Identifying the nature of transfer is a critical step toward guiding
computer-based instruction in a more efficient manner. The purpose of this study was to investigate the nature of transfer in the
domain of computer software. Fourteen adults (6 male, 9 Jfemale) were videotaped for 60 minutes, with the camera focused on the
screen while they attempted to learn a series of tasks in a common spreadsheet package. Subjects were asked 1o think out loud while
they learned. A formative analysis of these think-aloud protocols revealed four categories of previous knowledge used: general
skills, metaphors, metacognitive knowledge, and use of terminology. While general skills appeared to transferred little,
metacognitive knowledge was observed to transfer often and successfully. Mixed results were noted for the transfer of metaphors

and terminology. Practical recommendations are offered for teachers and researchers of computer-based instruction.

Introduction

One of the more astounding phenomena of the last two
decades is the almost breath-taking pace at which computer
software and hardware has developed. Lepper (1985) puts this
growth into perspective:

Had improvements in efficiency and reductions in the
cost of automobiles followed pattems similar to the computer
industry, each of us wouldbe able to buy a Rolls-Royce today
for roughly $2.75; it would get nearly 3,000,000 miles to the
gallon and would deliver enough power to tow an aircraft
carrier (p.1).

This kind of rapid change has put considerable stress on
educators of computer studies. Teachers are face two funda-
mental problems: what to teach (content) and how to teach it
(process). Defining what to teach, or computer literacy as it is
more commonly known, has proven tobe anillusive endeavour.
The concept of computer literacy has flourished into a myriad
of conflicting meanings and purposes leaving a somewhat
indefinite result (Kay, 1992b). Developing programs on how 1o
teach computer studies is also fraught with complications. The
broad variety of software designs available have produced
inconsistent command languages, confusing operation se-
quences, chaotic display formats, incomplete instructions, and
complex error recovery procedures that teachers are required
to deal with on a daily basis (Shneiderman, 1989). Teachers
may feel that time spent teaching a particular software package
on a particular computer may we waisted given that new
software, upgrades, or technology are just around the comer.

Educators of computer studies, then, have to develop
strategies to keep pace with a constantly changing content.
One approach to dealing with this problem is to examine the
nature of knowledge transfer, or the extent to which previous
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knowledge is useful for learning new tasks (Singley & Ander-
son, 1991). A critical debate in research on transfer rests on
defining the appropriate cognitive unit of transfer (Stemmberg,
1989). By cognitive unit, I mean the abstract level at which
information learmed is likely to carry over from one domain to
another. For example, one might be interested in the kind of
knowledge that transfers from general math ability to spread-
sheet software; or one computer system (Macintosh) to another
(IBM); or even one kind of word processing software package
(WordPerfect) to another (Microsoft Word). In these ex-
amples, I have moved from general units of transfer (math
skills) to more specific units (specific software packages).
Discovering promising units of transfer is a meaningful step
toward teaching computer studies in a more effective way. In
other words, identifying general features or strategies that can
be taught so that students can leamn a variety of future software
packages is one way of addressing unwavering software devel-
opment and growth.

Intuitively, it would appear that general problem solving
strategies would be the most efficient level of cognitive unit
to teach. Teaching a set of general skills, independent of a
particular software context, appears to be a promising way to
combat constantly changing software content. Certainly, this -
kind of context-independent approach is deeply rooted in
other areas of education (Resnick, 1989). But researchers
have produced abundant evidence to suggest that general
problem solving skills do not readily transfer to different
contexts (e.g. Resnick, 1989; Singley & Anderson, 1989;
Voss, 1989). In fact, some have argued that teaching
decontextualized knowledge or general skills can be detri-
mental to leaming (Resnick, 1989).

The lack of success in using general units of transfer has
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spawned significant interest in the role of context in learning
and transfer. A growing number of researchers have reported
that a certain degree of similarity in context between old and
new learning situations is critical for previous knowledge to
transfer (e.g. Brown & Palinscar, 1989; Chi & Bassok, 1989).
Considerable evidence suggests that teaching learning strate-
gies within a specific context is highly successful in a variety
of areas including reading (e.g. Brown & Palinscar, 1989),
mathematics (e.g. Lampert, 1986), mechanics (e.g. Chi &
Bassok, 1989), and writing (e.g. Collins, Brown, & Newman,
1989). Similar studies in the domain of computer software
have been noticeably absent. Instead computer-based studies
have taken the form of paper-and-pencil surveys designed to
measure constructs of computer ability (construct approach)
(see Kay, 1992d), or investigations designed to improve the
design of computer interfaces (Carroll, 1991; Norman &
Draper, 1986). Neither of these approaches, however valuable
in themselves, provides a clear understanding of how previous
knowledge is used during the leamning process. In order to
increase this understanding and improve cognitive transfer in
computer software, it is critical to go beyond computer ability
measures and improving interfaces, and investigate the knowl-
edge building process. “Identification and analysis of thinking
strategies involved in both sound and faulty thinking is clearly
the meat and potatoes that provide a sound base for educational
efforts to teach thinking” (Kuhn, 1990, p. 3).

The purpose of this study, then, is to (a) describe what
kind of previous knowledge is used in learning new software,
(b) assess the effectiveness of this knowledge in aiding the
learning process, and (c) provide recommendations for com-
puter-studies educators. Please note that the results are de-
scriptive and anecdotal. The current study is meant to be a
formative analysis.

Method
Theoretical Background

A majority of educational researchers and educators have
used a construct approach to evaluate computer ability or
leaming (Kay, 1992d). Conspicuously absent from these mea-
sures is data on how the subject interacts with a computer, the
context of computer use, and the goals and needs of the
individual. This information on process, though, is critical for
understanding transfer (Bannon & Bodker, 1991; Keating,
1990; Kuhn, 1990). A microgenetic approach—one the exam-
ines the detailed learning over short time-periods—is offered
as a promising example of a process-oriented method that
could produce aricher metric of computer ability for research-
ers and educators. This study used a modified microgenetic
format (Keating, 1990; Kuhn, 1990), where each subject’s
behaviour was recorded during a one-hour learning session.

Sample

The sample consisted of 14 adults (8 graduate students and
6 professionals; 5 male, 9 female), ranging from 25 to 37 years
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of age, who volunteered to participate in the study. From two
ability and one attitude surveys (see Kay (in press a, in press
b) for scale details), plus a pre-test interview, subjects were
assigned a computer experience rating of beginner (used only
one software package, less than one year), intermediate (used
two or more software packages for over a year), and advanced
(used a variety of software packages for 3 ormore years). (See
Kay (1992c) for detailed description of the rating system).
There were five beginners, four intermediates, and five ad-
vanced users.

Computer Activity

Subjects’ computer activities were videotaped for 60
minutes, with the camera focused on the screen, while they
attempted to learn a common spreadsheet package (Lotus 1-2-
3, Version 2.2) on an IBM, 80286 clone. Subject were asked to
do as many of the following tasks as they could: (1) move the
cursor, (2) enterrows and columns of numbers, (3) enterlabels,
(4) insert blank rows and columns, (5) move and/or copy rows
or columns of data, (6) compose formulas to add numbers, (7)
create graph, and (8) create a macro. More advanced users
started at higher level tasks.

The standard procedure was to introduce the subject to a
task and encourage self-directed leaming. Each subject was
asked to think out loud while leamning. Every effort was made
to encourage subjects to get “unstuck” on their own. Unlike
typical protocol analysis (Ericsson & Simon, 1984), subjects
were given calculated “hints” when they were unable to
proceed. The criteria for determining when a subject was stuck
was determined informally, often based on (a) the subject
asking for help, (b) the subject’s frustration level, and (c) the
time as subject took to finish a task. The criteria for hints, also
determined informally, was based on a subject’s progress and
frustration level.

The first 50 minutes of each of the fourteen videotaped
session was transcribed. Verbal expressions and sounds, as
well as critical keystrokes, were included in the transcriptions.
The results of this pilot study consist of a series of episodes
from these transcripts, offering anecdotal evidence document-
ing specific patterns of transfer.

Results and Discussion

Four categories of previous knowledge were used by
subjects in the spreadsheet learning situation. These included
general skill, use of specific metaphors, metacognitive ability,
and terminology. An overview of each knowledge type, along
with anecdotes and a general impression of whether the knowl-
edge type was effective, will be presented.

General Skill

For the purpose of this study, general skill is defined as
knowledge that (a) is notassociated with aspecificcontext, and
(b) supports higher level goals. Only two types of general skill
emerged spontancously while subjects learned new tasks:
mathematical/programming knowledge and typing skill.
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Mathematical and programming ability. Only one subject
used mathematical and programming skills to solve new prob-
lems. This subject had substantial knowledge and interest in
both computers and mathematics with graduate degrees in both
areas. In one instance, she was asked to enter in a formula that
would add a column of numbers. With a strong background in
numbers, formulas, programming, math and computers, and
an example in front of her, one would predict successful
completion of this task in a relatively short time. The task took
her almost 20 minutes (19:51) to complete, whereas most other
users finished the same taskin less than S minutes. Her problem
stemmed from using a relatively extensive system of error
checking, normally reserved for checking programming errors
tosolve asimple syntax problem. She also used her mathemati-
cal knowledge of truncation and rounding errors, to explain
why her incorrect formula didn’t work. Her broad knowledge
and experience may have inhibited her progress on this mod-
erately difficult spreadsheet task. The mathematical/program-
ming model may work well in a programming environment,
but an intentionally user-friendly application environment
alters the context enough so that relatively straightforward
tasks may become time-consuming and effortful.

Typing. Typing skill would be considered by most people
to be an asset for using computers. Most subjects in this study
used a “hunt-and-peck” approach. Three subjects, though,
were skilled typists. Their ability to type, at times, prevented
them from exploring how certain options worked. For ex-
ample, they maintained that it was faster to type the formula
overagain than to figure out how the “more efficient” edit keys
worked. Whereas typing skill may be important to enter

- information, it may not be especially helpful for leaming new
software. A slow, deliberate pace was most effective, allowing
subjects sufficient time to observe the consequences of their
keystrokes.

Overall, general skill did not play a consequential role in
learning spreadsheet software. This finding is consistent with
previous research results (Resnick, 1989; Singley & Ander-
son, 1989; Voss, 1989) '

Specific Metaphors

In contrast to general skill, metaphors or models are
associated with a specific context or task. Most subjects used
at least one of the following metaphors when attempting to
leamn new spreadsheet tasks: a previous software package,
icons/menus, graphs, calculators, games, and bank machines.
These metaphors were used with mixed success.

Previous software. Seven subjects spontaneously used
word processing skills to leam tasks such as entering numbers,
and moving and copying text. For example, six of the seven
subjects hesitated after typing their first number into the
spreadsheet. Lotus 1-2-3 requires that you press the enter or
cursor to insert a number into the spreadsheet. Until one of
these keys is pressed, the number entered appears and remains
in the top left corner of the screen. This idiosyncrasy particu-
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larly surprised, and to some extent, hindered beginners who
claimed the procedure was different for word processing. Two
other subjects openly claimed that their word processing
knowledge of copying and moving helped them understand the
same procedures in the spreadsheet software package.

One beginner used her knowledge of a statistical package
called SPSS to guide her spreadsheet learning. The SPSS
software package is quite different from Lotus 1-2-3 in terms A
of input format, screen design, commands used, and overall
purpose, so it is not surprising that this user experienced a
number of difficulties. Transfer errors were both syntactical
and conceptual, yet she persisted in using this software meta-
phor.

Icon/Menu metaphor. A metaphor based on icon or menu
driven software, commonly associated with Macintosh com-
puters, was troublesome for subjects who attempted to use it
with spreadsheet software. The most common difficulty was
experienced when attempting to move or copy text. Two
subjects wanted to block off text (as if they were using amouse)
when trying to move numbers from one location to another. Six
subjects attempted to use cursor keys to move vertically in the
spreadsheet menu. Although this would be the right way (o
move around a Macintosh menu, the correct procedure for the
Lotus 1-2-3, spreadsheet menu was to press the enter key.

One subject, who owned a Macintosh computer, was so
entrenched in the icon/menu” metaphor that she repeatedly
expressed animosity toward the software. She noted from the
start that the software looked “pretty boring” and that the
opening screen was “telling her nothing,” whereas other
subjects noted helpful details from the same screen. She
regularly commented that most operations seemed exces-
sively cumbersome. Although this attitude prompted her to
seek more efficient solutions to some problems, it also inhib-
ited and restricted her observation certain keystrokes effects.
When I introduced the spreadsheet menu, she was clearly
happy, exclaiming “Yahoo”, but when the menu did not work
like a Macintosh menu, she retreated into her critical and
evaluative position.

Even though this subject’s fixation on the “Mac” way of
doing things is only one example, it seems reasonable to
assume that individuals learn a variety of software packageson
a variety of compulters, and that a certain degree of fixation
occurs. This is tangentially related to the broader issue of
theory fixation (Sternberg, 1989) or functional fixity (Lewis &
Norman, 1986). Sternberg (1989) argues that knowing too- -
much (or using something too long) produces a deep structure

~ that can seriously impair functioning.

Graphs, calculators, and games. Other metaphors used
were based on knowledge of graphs, calculators, and games.
One beginner described the opening screen as an inverted
graph—she quickly adjusted her metaphor when she saw the
cursor move, labelling the screen more appropriately as “a
grid”. Another beginner, when asked to add numbers, claimed
he was looking for something on the keyboard that was similar
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to a calculator. He also said that one way of doing the task
would be to add the numbers with a calculator and enter the
sum into the spreadsheet. This would clearly undermine the
power of using spreadsheet software. An intermediate subject,
after experiencing some difficulty using fancy formatting
commands, claimed that he was sure there was some “trick” to
doing the task, as there might be in a game. While computers
often appear to be “tricking” unsuspecting users, in this in-
stance the “trick” metaphor prevented him from noticing a
simple syntax error.

Banking machine metaphor. Six subjects had substantial
difficulty withmoving and/or copying text. Problems stemmed
from the desire to block text with a mouse, expecting the use
of buffers (commonly used in programming), and excessive
emphasis placed on the position of the cursor. One beginner,
though, completely the task quickly and without error. Given
her limited experience, I thought this was remarkable. After
some thought, she said “it was like using a bank machine where
you transfer money from one account to another”.

Summary

The use of metaphors appeared to be a hit-and-miss
proposition. The use of previous software packages and com-
mon everyday metaphors showed intermittent success. More
often than not, a metaphor allowed a subject to move from a
state of inactivity, to one where some action was possible. For
example, when one subject did not know how to enter data, she
would use aword processing method. Even though this method
was not correct, it at least permitted her to proceed and
eventually correct her initial misconceptions. The role of
metaphors as a catalyst might be indirectly useful, particularly
when a subject is faced with a completely new task. Perhaps,
if the use of metaphors was taught explicitly, as in previous
research, it might be an effective guide to learning.

Metacognitive Ability

An impressive list of metacognitive abilities were
observed in this study, including: sensing difficulty or that a
problem existed, recognizing that an activity has been done
before (deja-vu), sense of efficiency, knowing the computer’s
limits, noting when enough effort had been made and when it
was time to seek help, sensing what might be helpful, and
having a feel for unusual terminology. Space does not permit
adetailed analysis of these metacognitive abilities. I will make
only three points here. First, with the exception of two begin-
ners, and one intermediate, metacognitive ability was exhib-
ited by advanced users only. Second, this kind of knowledge
was consistently useful in guiding progressive problem solv-
ing. Third, these metacognitive abilities often took the form of
hunches. Subjects were not necessarily consciously aware of
why they were doing what they did. The would often casually
comment “That’s too much work. There must be a better way”
or “I'm over my head here, I should look for help”, instead of
stating specific reasons for their actions.
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Metacognitive ability, although extremely useful and trans-
ferrable, might be a kind of knowledge that develops slowly
and unconsciously over time. The challenge would be to
maximize metacognitive development, perhaps by making
users explicitly aware of it.

Terminology

Vygotsky (1978) was a pioneer in exploring the role of
language in thought. He noted that conceptual learning was a
collaborative effort requiring supportive dialogue. Bruner
(1986) added that conceptions of knowledge, thought, and
learning are “fulfilled, impeded, and distorted by the way in
which we talk about the world and think about it in the coin of
that talk” (p. 121).

A primary aspect of learning in a particular environment
is the language that individuals use to communicate to each
other about commonly perceived actions and events (Bruner,
1983). As any novice will tell you, there is a definite (or
indefinite) language used in a computer environment that has
to be acquired in order to function effectively (Turkle, 1984).
Subjects’ use of terminology in this study appeared to influ-
ence knowledge acquisition.

Some subjects had vague ideas about their actions. For
example, two intermediate users knew that “commands”’ solved
problems. When asked how they might pursue a particular
task, they would often say “there would be a command”.
Commands were perceived as the panacea for all software
problems. Unfortunately, this inhibited them from actively
building their knowledge. A clearer understanding of the
concept of commands, namely that they are interconnected and
tend to appear in extended sequences, might have altered the
knowledge building process.

Sometimes subjects did not have terminology to describe
anaction or task. It was not that their terminology was vague—
they simply had no words to describe their actions. One subject
noted that “things were changing” when asked what was
happening as she moved the cursor horizontally along the
spreadsheet menu bar. Without a language to describe her
actions, she was unable to notice the details of menu operation
and seemed reluctant to explore further. This strongly influ-
enced her future menu actions—she was often confused and
disoriented when moving from the worksheet to the menu.

Several subjects appeared to have a clear understanding of
how spreadsheet worked, but used terminology that was non-
standard, particularly when learning a new detail. Their at-
tempts to articulate these actions appeared to instantiate these
conceptsin theirminds, as they were able to apply these actions
in future learning situations, unlike users who used vague
descriptions. Incorrect terminology, though, can cause serious
problems—several subjects experienced orientation problems
and difficulties finding help because the words they were using
were conceptual incorrect.

Terminology is clearly integrated with learning in a com-
puter environment. Vague terminology deters exploration and
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sometimes prevents subjects from forming a clear understand-
ing their actions. Non-standard terminology may be useful in
communicating to oneself, but difficulties arise in a more
populated setting. Incorrect terminology can cause hei ghtened
confusion. This brief protocol analysis illustrates the difficulty
of learning anew language and how important that lan guage is
to adequate concept formation.

Practical Recommendations

Although the results of this study are formative, certain
practical recommendations, while highly speculative at this
point, canbe suggested for teachers of computer studies. These
recommendations could also be thought of as list of research
hypotheses for future studies. They are as follows:

a. General knowledge based on mathematic, programming,
and typing may not particularly useful for the initial
leaming of spreadsheet software.

b.  Specific metaphor use (e.g. word processing, graphs, bank
machines), if introduced in a systematic way, could be
useful for students.

€. Metacognitive skills should be made explicit to new users.
While these metaphors may not be useful initially, they
may help to guide future attention toward critical compo-
nents of a software package.

d. If students are encouraged to articulate their actions, they
may develop a stronger vocabulary for and understanding
of the software they are leaming.

Warnings
The results of this study also offer a series of warnin gs that
should be noted:

a. There seems to be a delicate balance between giving too
much and too little context. Too much context results in
fixation. Too little context prevents subjects from notic-
ing common elements between old and new learning
situations;

b.  When teaching, be aware that a student may have diffi-
culty abandoning their favourite, butinappropriate meta-
phors. It is important to intervene early to correct mis-
conceptions;

c. A slow pace is not necessarily bad, particularly if the
student is taking time to evaluate his or her actions;

d. Hunches and guess should be encouraged, especially
when they are talked about out loud and-followed by
evaluation. They may be precursors to metacognitive
knowledge. ‘
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Paper (M4.8b)

LOGO Research—Forward or Back?

Wing K. Au
University of Newcasitle, Australia

Abstract
This paper reviews the research in programming with the computer language LOGO, in particular, the relationship of LOGO
programming to the cognitive development of the learners. The first section provides a general overview about research in LOGO

programming. This is then followed by a critical examination

of the major types of LOGO research according to the outcome

variables studied. A critical examination of the various issues pertaining to LOGO research, especially those of a cognitive nature,
together with discussions of the major concerns and outcomes of these research will then be presented. The last section of this

paper makes suggestions for future research.

Overview

It has been more than a decade since Professor Papert
(1980) has .extolled the virtues of LOGO in his book
Mindstorms—that within a LOGO environment, leamers can
reflect upon their own thinking and take conscious control of
the leamning process by articulating and analyzing their own
behaviour. Since then, LOGO has often been viewed by some
educators as the magic of technology.

While LOGO has proved to be a popular educational
computing language in elementary and junior high schools,
increasing concern is being expressed about the validity of the
claims of its developers (Au, Horton & Ryba, 1987). Teachers
and researchers alike are beginning to question the effective-
ness of LOGO as “an object to think with” and whether
students actually derive any intellectual benefits from their
LOGO experiences. Questions have been raised about the
LOGO “curriculum” and how the teaching and leaming envi-
ronment should be organized for maximum effect.

Research on programming with LOGO is still in its early
stages of development. Most of the initial research or “evi-
dence”, although indicating potential bencfits for leamers, are
in the form of intuitive thinking or anecdotal in nature rather
than based upon empirical research (c.f. Waut, 1982; Krasnor
& Milterer, 1984; Ginther & Williamson, 1985; Burton &
Magliaro, 1986; Maddux & Johnson, 1988). The majority of
these earlier research consist mainly of reports of teachers or
rescarchers randomly observing individual or groups of stu-
dentsinteracting with computers without systematic inves tiga-
tion or testing (c.g. Blitman, Jamile, & Yee, 1984; Chiang,
‘Thorp, & Lubka, 1984). The results of this type of research,
although uscful as pilot studies of large scale projects, in the
provision of rich descriptive data, and are at times “illuminat-
ing”, are insufficient to provide convincing evidence.

More recent empirical studics available to date, although
still limited in number and their scope to address the many
broad claims that have been made about LOGO programming,
seem to highlight the unresolved debate about potential cogni-
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tive gains within a LOGO environment, and in particular, the
possible transfer of these gains from the LOGO context to
others. Papert’s claims, especially those of a cognitive nature,
have been supported by some researchers (e.g. Gorman &
Bourne, 1983; Clements, 1990; Au & Leung, 1991; Ortiz &
MacGregor, 1991; Swan, 1991), but not by others (e.g. Pea,
1983; Chambers, 1986; Mitterer & Rose-Krasnor, 1986;
Howell, Scott, Diamond 1987).

Such contflicting results are perhaps not surprising given
the small number of subjects involved in some of the studies,
and the types of research methods and analyses used. As well,
a wide range of instruments were used in the assessment of the
various outcome variables such as mathematical achievement,
logical reasoning, and problem solving skills. Of particular
importance to LOGO research is the issue of the type and/or
amount of programming training provided, or the type of
LOGO leaming environment created for the subjects during
the course of research (Leron, 1985; Au, Horton & Ryba, 1987;
Papert, 1987; Rowe, 1991),

Types of LOGO research

Overall, in the last twenty years since the initial develop-
ment of LOGO, research onthe eftects of LOGO programming
can be grouped into five clusters according to the outcome
variables examined in these studies. These clusters are: @)
mathematical lcarning; (ii) affective changes; (iii) social inter-
action; (iv) cognitive changes and their transfer (o other con-
texts; and (v) metacognition.

LOGO programming and mathematical learning 4
Akin to one of the original notions that LOGO could be
used to facilitate the development of mathematical learning
among students, a number of studies have been conducted 10
examine the relationship between LOGO programming and
mathematics learning. These studies, inter alia, cxamined
mathematics related variables such as auitudes towards math-
ematics (Evans, 1984; Ortiz & MacGregor, 1991), learning

National Educational Computing Conference 1993

109



and development of mathematical concepts (Howe, O’ Shea &
Plane, 1979; Schaefer & Sprigle, 1988), mathematical attain-
ment (Finlayson, 1983; Battista & Clements, 1986), learning
of mathematical strategies and their transfer from LOGO to
normal school mathematics (Finlayson, 1985; Thompson &
Chen Wang, 1988).

Studies on the relationship between LOGO programming
and mathematical learning yielded some positive evidence that
the leaming of mathematics might be assisted by LOGO
programming, especially in the fostering of positive changes
among leamers’ attitude towards mathematics, and improving
the understanding of some mathematical concepts. Research-
ers such as Schaefer and Sprigle (1988), and Noss (1987)
suggest though, that in order for better development to occur,
itis necessary to examine the use of instructional methods and
careful teacher intervention strategies.

Results from studies on the transfer of learning of math-
ematics and strategies to normal classroom settings were less
convincing. Seemingly, one of the major problems was that
students failed to see the connection between what they
learned and applications in other contexts. Consequently,
some researchers suggested that instructions should make
these connections explicit to the learners. Therefore, in re-
searching the effects of LOGO programming on the transfer
of mathematical strategies to normal classroom settings and
mathematical attainment, itis important to consider the use of
carefully orchestrated teacher intervention strategies so that
learners can (i) become aware of the connections; and (ii)
practise and internalize the strategies sufficiently so as to
enable transfer. The issue of instructional strategies will be
further discussed in a later section of this paper when LOGO
treatment is considered.

LOGO programming and affective changes

Attribution theorists have argued that it would be impor-
tant for learners to feel that they are in control of their learning
environment (c.f. Weiner, 1974, 1979). In particular, it has
been suggested better learning could be fostered by (i) the lack
of external factors to which students might attribute success or
failure, and (ii) learners being able to explore their leamning
without penalties for making mistakes (e.g. Ryba & Anderson,
1990). Papert (1980) contends that LOGO could provide such
a leaming environment.

The second major category of LOGO research revolves
around the examination of the relationship between LOGO
programming and the affective changes of learners. The vari-
ables examined in these research included: motivation (Weir,
1981; Zelman, 1985; Nastasi, Clements & Battista, 1990);
locus of control (Horner & Maddux, 1985; Burns & Hagerman,
1989); and attitudes towards computing and the learners them-
selves (Irwin, 1985; Schibeci, 1990).

Theresults of these studies offered reasonable support that
LOGO programming could have a facilitative effect on moti-
vation, internalization of locus of control and attitude of
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learners towards computers and problem solving. Of particular
interest was the fact that two different types of LOGO learning
environments were employed in research in this category, that
is, the use of self discovery leaming environment (e.g. Evans,
1984; Lehrer, Harckham, Archer & Prazek 1986) and more
structured leaming environment (e.g. Nastasi, Clements &
Battista, 1990). It would appear on the surface that both types
of leaming environments were able to facilitate positive affec-
tive changes among the leamers. However, studies by Zelman
(1985), and Nastasi, Clements and Battista (1990) clearly
suggest that a purely self discovery leaming environment was
not sufficient to develop intrinsic motivation and self reward
system for the learners, rather, carefully designed teacher
intervention would be needed. The issue of learning environ-
ment will be discussed further in a later section of this paper.

LOGO programming and social interaction

The investigation of social interactions within educational
environments has been considered important. Apart from
being one of the fundamental goals of education, it has also
been argued that social interaction is an essential component
that facilitates cognitive growth (c.f. Vygotsky, 1978;
Emihovich & Miller, 1986; Salomon, 1988; Nastasi, Clements
& Battista, 1990). According to Vygotsky (1978), higher order
mental capabilities progress from external to internal pro-
cesses, and that the mechanisms underlying the internalization
of higher mental functions is social interaction. Emihovich and
Miller (1986) contend that the transformation process from
externalization to internalization occurs as children engage in
meaningful mediated verbal interactions with adults and/or
peers during LOGO leaming.

The third major category of LOGO research focused on
the relationship between LOGO programming and social in-
teraction. A number of variables were examined: peer interac-
tions (Hawkins, Homolsky & Heide, 1984; Carmichael, Burnett,
Higginson, Moore, & Pollard, 1985; Burns & Coon, 1990);
interaction and problem solving (Clements & Nastasi, 1988;
Nastasi, Clements & Battista, 1990); effects of group size
(Guntermann & Tovar, 1987); interactions of parents and
children (Williamson & Silvern, 1986); behaviours of learners
(Mitterer & Rose-Krasnor, 1986); and gender differences
(Webb, 1985; Guntermann & Tovar, 1987; Hoyles &
Sutherland, 1989).

The studies on the relationship between LOGO program-
ming and social interactions have offered some evidence that
LOGO programming couldinfluence social interactions among
learners (e.g. Williamson & Silvern, 1986; Clements & Nastasi,
1988; King, 1989). Some of these studies have stressed the
importance of social interaction in the aid of cognitive devel-
opment. However, none of these studies have managed to
illustrate whether the increased interaction was the result of the
LOGO programming language alone, or the result of some
instructional variables working in conjunction with the LOGQ
language. Future studies, therefore, must attempt systemati-
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cally toidentify the effects of individual instructional variables
engendered in a LOGO environment on the type of social
interactions ensued, and how these social interactions mightin
turn affect the problem solving performance of the subjects.
Moreover, one of the major criticisms of much contemporary
research on LOGO stems from the fact that many studies only
focused on the end products of learning, thatis, how LOGO has
affected product variables such as mathematical learing and
cognitive changes (c.f. Papert, 1987; Rowe, 1991). It was
suggested by many researchers that it is important to examine
the changes in process variables such as social interaction and
learning strategies.

LOGO programming and cognitive changes

While a number of studies have been conducted to exam-
ine the relationship between LOGO programming and vari-
ables such as mathematics learning, affective changes, and
social interaction, the vast majority of LOGO research in the
last twenty years, in particular, the 1980’s and early 1990’s,
focused on LOGO programming and cognitive changes. Most
of these studies were conducted in response to claims made by
Papert and others that LOGO programming could facilitate
leaers’ general cognitive development and assist the transfer
of learning from a LOGO environment to other contexts. Some
of these studies attempted to investigate the correlation be-
tween various factors related to the learning of programming.
These studies included the examination of the relationship
between: programming and understanding of the concept of
recursion (Pea & Kurland, 1984); mastery of programming and
operational thinking (Mendelsohn, 1987); LOGO program-
ming and top-down processing, field independence, holistic
tendency, and academic achievement (Bradley, 1985); compe-
tence with the syntax and semantics of the LOGO language
(Campbell, Fein, Scholnick, Frank, Schwartz, 1986); analogi-
cal reasoning and writing subprocedures and use of variables
(Clement, Kurland, Mawby, & Pea, 1986); mastery of pro-
gramming concepts (Cohen, 1987); cognitive development
and understanding of LOGO commands (Fay & Mayer, 1987);
and extended workstations and leamning of programming
(Heller, 1991).

However, the majority of studies within this category are of
a causal nature, i.e., how the leaming of LOGO programming
could effect certain cognitive outcomes. Three major types of
research could be discemmed from studies within this cluster
depending on the outcome variables studied— (i) global changes
in the cognitive development; (ii) improvement of logical rea-
soning abilities; and (iii) development of problem solving skills
and their transfer to other contexts. Whilst the three different
types of research are inevitably closely linked, their different
emphases warrant separate discussion.

The studies on global changes in cognitive development
have shown that LOGO programming might be facilitative in
certain areas such as cognitive style and spatial orientation.

However, LOGO programming might not be able to alter
significantly the general cognitive development of young
children, even with reasonably long period of learning (e.g.
Howell et al, 1987), or by carefully orchestrated teacher
intervention (e.g. Clements & Gullo, 1984). Perhaps the
training periods of these studies were not quite long enough
to produce the results that many LOGO enthusiasts have
hypothesized. On the other hand, it is quite plausible that
learning resulting from LOGO programming might be too
specific (o be transferred to a more general context assessed
by Piagetian conservations tasks and the other dependent
measures used. The results of these studies tend to lend
support to Piagetian theory which would predict that normal
developmental factors would dictate the movement of chil-
dren from one stage to another.

Some studies which focussed on logical reasoning offered
modest support that LOGO programming might assist the
development of logical reasoning among learners (e.g. Gorman
& Boumne, 1983; Reiber, 1983; Degelman, Free, Scarlato,
Blackbumn & Golden, 1986; Many, Lockard & Abrams, 1988)
while others were inconclusive (Grandgenett & Thompson,
1991). However, given the number of flaws in some of these
studies such as small samples, doubtful statistical analyses,
and lack of pre-post comparisons (c.f. Au, 1992), their results
must be viewed with caution. Future studies need to exercise
tighter control on a number of research design elements: (i) the
use of larger number of subjects to enable statistically valid
comparison; (ii) the establishment of whether there is any
difference in the subjects’ logical reasoning prior to interven-
tion; and (iii) closer examination of the possible effects of
instructional variables such as teacher mediation and peer
interaction, which might influence the development of logical
reasoning skills.

Giventhe strongemphasis on problem solving in modern
education, alarge number of LOGO studies have focussed on
problem solving. However, the results to date have been
rather inconclusive. Some studies have found that LOGO
programming could facilitate the development and transfer of
problem solving skills (e.g. Gallini, 1987; Lehrer & Randle,
1987, Mathinos, 1990; Au & Leung, 1991; Swan, 1991)
while others have found results to the contrary (e.g. Pea,
1983; Chambers, 1986; Kurland et al, 1986; Mitterer & Rose-
Krasnor, 1986).

In examining these studies, a number of factors were
found to have contributed to such conflicting results. The first
factor relates to the measurement of outcome variables. It is
apparent that a wide variety of measures were employed to
determine how LOGO programming might have affected the
development of problem solving skills. Consequently, such
variation of instruments led to the apparently conflicting
results. The multitudes of measures used in gauging the changes
of problem solving skills could be traced to the theoretical
bases upon which these studies were formulated.
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Measurement of outcome variables

One of the most striking problems with researchinvolving
LOGO programming and problem solving is the general lack
of theoretical basis for the studies (c.f. Burton & Magliaro,
1986; Clements, 1990). This problem has resulted in the lack
of any anchor points to relate the findings with the literature,
and difficulty in the selection of dependent measures and
corresponding instruments, particularly in the determination
of transfer of problem solving skills to other contexts.

Some studies did not identify the types of problem solving
skills that were supposed to be observed during the learning of
LOGO programming. Instead, these studies relied solely on
teachers’ anecdotes or students’ self reports on the develop-
ment and transfer of problem solving skills without using any
systematic measurements (¢.g. Carmichael et al, 1985).

Some studies, on the other hand, attempted to use a large
number of dependent measures of problem solving in the hope
of “catching” problem solving skill development and transfer.
For instance, in the study by Clements and Gullo (1984), 18
dependent measures such as cognitive style, metacognition,
cognitive development, and directionality were used. Although
the use of these measures were well grounded in theories of
cognition and problem solving, it is rather debatable whether
such a large number of skills could be expected to develop
within a relatively short duration of LOGO programming.

Some other studies even arbitrarily used dependent mea-
sures without examining closely the relationship between
LOGO programming-and the dependent measures. Often de-
pendent measures were used without appropriate rationale
which often gave rise to conflicting results. This has resulted
in what Burton and Magliaro (1986) have termed as a “kitchen
~ sink” approach. For example, a study by Soloway, Lockhead,
" and Clement (1982) investigated programming effects on
problem solving without any reference to the problem solving
literature. Khayrallah and Meiraker (1987) suggest that this
lack of proper theoretical underpinning has resulted in an
approach that focuses on testing what works and does not
work, rather than attempting to specify the underlying pro-
cesses that might determine success or failure.

Against this background, a number of researchers have
alerted to the development of “technocentric thinking™” among
some researchers and educators. Papert (1987), for instance,
cautions that this approach represents atendency in thinking of
LOGO as an agent that acts directly on thinking and leaming.
Rowe (1991) argues that computers are far more than just a
treatment, that they have become inextricably intertwined not
only with the way students might go about cognitive tasks, but
with the whole context of learning and teaching. In relation to
the selection of dependent variables, researchers need to exam-
ine critically the types of problem solving skills that learners
might develop while learning to program with the LOGO
language. Once the type of skills have been identified, then
care needs be exercised in the justification of the choice of
dependentmeasures on both theoretical and practical bases. At
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a theoretical level, it is important to consider the issue of
transfer of learning to other domains. Moreover, many re-
searchers have argued for the importance of measuring the
success of LOGO leaming via task and strategy oriented
variables rather than the traditional product oriented measure-
ments (King, 1989; Burns & Coon, 1990; Swan, 1991). Ata
practical level, it is important to deliberate the extent to which
problem solving skills might be developed within the time
limits of most studies. Given the generally short duration of
many LOGO studies, it is useful to focus on instructional
conditions that would foster the development of a smaller
number of problem solving skills among the leamers in amore
intensive manner.

Research design

The second concern relates to the design of this type of
research: researchers must not neglect the most important
components of leaming situations, viz, people and cultures—
in the facilitation of learning. That when researching LOGO
programming and problem solving, attention needs be given
to the examination and evaluation of the programming cul-
ture as well as the use of psychometric instruments to measure
any potential cognitive gains (d.f. Papert, 1987; Rowe, 1991).
For instance, the dynamics of learning with LOGO in either
small groups or individually, and the qualitative changes
among the leamers might not be measured by traditional
psychometric instruments.

Some of the earliest LOGO research relied heavily on
anecdotal evidence without being able to provide convincing
evidence. Some of the studies on LOGO and problem solving
conducted in the early 1980’s attempted to overcome this
problem by employing more traditional experimental design.
A typical study of this kind would pretest the subjects, intro-
duce the subjects to LOGO programming, then posttest them
to find if there were any gains in problem solving skills.

The use of this type of research design has raised serious
concerns among many LOGO researchers and there has been
debate conducted regarding the suitability of such design (c.f.
Leron, 1985; Becker, 1987; Pea, 1987; Papert, 1987; Walker,
1987, McDougall, 1988; Rowe, 1991). It has been argued by
some researchers that the traditional experimental design was
not sufficiently sophisticated to measure potential cognitive
gains of the leammers. Rather, it is important to examine the
process of learning including the dynamics of learning as well
as the product measured via psychometric instruments (Leron,
1985; Papert, 1987; McDougall, 1988; Rowe, 1991).

More recent studies in the late 1980’s have taken such
concern into consideration and often attention has been given
to the study of interactions among the leamers that might have
affected any cognitive outcomes of such studies. Some studies
have begun to examine more closely the type of interactions
that might have contributed to the changes in problem solving
skills of the learners and what the learners might have gained
during the processes of learning to program with LOGO. For
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example, Clements and Nastasi (1988) studied 24 first graders
and found that the LOGO group exhibited a significantly
higher percentage of social behaviours that have cognitive
underpinning. The study by Nastasi, Clements and Battista
(1990) found that their LOGO group evinced more cognitively
oriented conflict, attempts at and successful resolution of
conflicts, and rule making.

As well, there has been an increasing awareness of the
needto control the instructional conditions that might facilitate
cognitive growth. Recent studies (Lehrer, Guckenberg, & Lee,
1988; Au & Leung, 1991; Dalton & Goodrum, 1991; Heller,
1991; Ortiz & MacGregor, 1991; Swan, 1991;) have all em-
ployed research designs that enabled these studies to examine
the effects of various instructional conditional on the develop-
ment of problem skills among their subjects.

LOGO instructions

The third concern relates to the nature of LOGO instruc-
tion, in particular, those elements that might have affected the
transfer of problem solving skills. The inconclusive results of
early LOGO studies on problem solving, and other areas, have
prompted many researchers to examine more closely the types
of LOGOinstructions provided for learners durin g thelearning
of LOGO programming. In particular, it has been advanced
that the use of more explicit instructions in problem solving
might be facilitative in the development of problem solving
skills and the transfer of these skills to other contexts (Leron,
1985; Au, Horton & Ryba, 1987).

Recent LOGO studies since the middle of 1980's that
incorporated explicit instructions in problem solving (e.g.
Miller & Emihovich, 1986; Au & Leung, 1991; Ortiz &
MacGregor, 1991; Swan, 1991) and metacognitive training
(e.g. Clements, 1987; Clements, 1990) have clearly high-
lighted the potential benefits of such exploitation of instruc-
tional conditions in the improvement and transfer of problem
solving skills of learners.

LOGO programming and metacognitive skills

Within the field of educational computing, there has been
an increasing attention on the development of higher order
thinking skills (e.g. Au & Bruce, 1990; Lai, 1990), as well as
the link between computer science and metacognitive func-
tioning (Haller, Child & Walberg, 1988; Salomon, Perkins &
Globerson, 1991). Papert advocated in his seminal work
Mindstorms that LOGO could be used to teach learners to think
about thinking (Papert, 1980). Some researchers have also
argued that the characteristics of the LOGO language could
assist learners to develop metacognitive skills (c.f. Lariv_e er
al, 1988). As a result, a number of studies have focused on the
relationship between LOGO programming and metacognition
since the middle of 1980’s. A main aim of these studies was to
establish whether the experience of LOGO programming
could enhance the development of metacognitive skills, and
how such experience might facilitate the improvement of

problem solving. The results of these studies have been rather
encouraging. It is apparent that the metacognition of the
subjects improved after learning to program with LOGO (e.g.
Clements & Gullo, 1984; Lehrer & Randle, 1987). Also, the
performance in problem solving was also enhanced (e.g.
Clements, 1990). Future studies would benefit though by
clearly outlining the effects of instructions and how instruc-
tions might increase the opportunities for the development of
metacognition. As well, efforts will need to be made to estab-
lish how the improvement in metacognition would benefit the
development of problem solving skills.

Major concerns of LOGO research

Having reviewed a sample of LOGO studies according to
their outcome variables, a number of concerns emerged. The
most important of them is the type of LOGO treatment offered
to the subjects. Ithas become quite clear that the type of LOGO
treatment played a significant role in determining the out-
comes of research in LOGO. Other concerns include the
selection of sample and the type of research methods and
analyses used. The following sections will examine these
concerns in more details.

LOGO treatment

It has been suggested by many educational computing
researchers that the issue of treatment is a crucial concern in
programming language and problem solving research (c.f.
Thomas, 1986; Palumbo, 1990; Seidman, 1990-91;
Grandgenett, 1991; Au, 1992). Based on this premise, it is
reasonable to expect that the type of LOGO instruction and
length of treatment would play a vital role in determining the
outcomes of programming instructions. The issue of LOGO
treatment, in particular, the type of LOGO instruction, has
been at the centre of debate in LOGO research, especially
during the 1980°s when researchers started to examine how
various instructional variables might influence the outcomes
of programming instructions.

In examining the various studies on LOGO programming,
it is apparent that there is a lack of clarity in the meaning of
“LOGO programming” and the level of mastery attained by the
subjects. Some of the reports on LOGO research either pro-
vided little or no description of the type of “LOGO treatment”
for the subjects (e.g. Gallini, 1987; Schibeci, 1990). In these
reports, it was often accounted that subjects learned LOGO
programming, or were exposed to some LOGO experience, for
a certain period of time, without specifying what that experi-
ence was, and how it might have affected the outcome vari-
ables. Of the reports that delineated the kinds of LOGO
experience provided for the subjects, often either one of the
following pedagogical approaches was used. Some research-
ers adopted the use of a self-discovery leaming environment,
devoid of any teacher intervention, while others used carefully
constructed teacher mediation.
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LOGO instructions

The types of instructions used in LOGO research reflect a
much wider concern in pedagogy. Some educators have sup-
ported a self-discovery model in learning. This model is often
based on the Piagetian model of knowledge acquisition, which
suggests that knowledge can best be acquired through self-
discovery learning (Piaget, 1976). In other words, learners
learn best by being placed in an environment where they can
interact and participate in their own self directed manner. A
number of LOGO researchers, notably Seymour Papert and his
colleagues at the Massachusetts Institute of Technology, have
adopted this model in their creation of a LOGO leaming
environment. Following this model, the experience provided
for the learners was of a spontaneous and undirected manner.

This approach has also been adopted by a number of
researchers in their studies (see Appendix 1). However, this
type of research often failed to produce the anticipated cogni-
tive effects espoused by Papert and others (c.f. Palumbo,
1990). Therefore, at the conclusion of some of these studies,
many researchers (e.g Pea & Kurland, 1987; Schaefer &
Sprigle, 1988; Thompson & Chen Wang, 1988) suggested that
it would be important to consider conscious and careful inter-
vention strategies.

Other LOGO researchers have adopted a more structured
approach in programming instruction with carefully designed
mediation. They believe that LOGO programming alone
cannot achieve what Papert has claimed. Rather, if the leam-
ers were to develop some form of cognitive and problem
solving skills, then some type of deliberate intervention must
be implemented. This approach is clearly exemplified in
some of the earlier research conducted at the University of
Edinburgh (e.g. Howe, O’Shea & Plane; Finlayson, 1983,
1985). Recently, there has been an increasing number of
research that employed a more structured pedagogical ap-
proach in LOGO instructions, e.g., those conducted at the
University of Ohio (Clements & Gullo, 1984; Clements,
1986; Clements & Nastasi, 1988; Clements, 1990; Nastasi,
Clements & Battista, 1990), and many others (Lehrer,
Guckenberg, & Lee, 1988; Au & Leung, 1991; Heller, 1991;
Ortiz & MacGregor, 1991; Swan, 1991).

One of the important factors that clearly underpins the
different types of intervention strategies in LOGO instructions
relates to the roles that teachers play in a LOGO environment.
There has been a continuing debate about the role of teachers
in LOGO instruction but until recently, litle empirical re-
search has been conducted to offer teachers guidelines on the
best ways to use LOGO in the classrooms (Khayrallah &
Meiraker, 1987).

This debate has been further complicated by Papert’s
own work. In his book Mindstorms, Papert (1980) advocates
“leaming without curriculum”, and yet he also argues that the
teacher should act as an anthropologist and support the
students as they build their own intellectual structures. Often,
one of the central issues in the consideration of “LOGO

The Magic of Technology

ERIC

IToxt Provided by ERI

instruction” is to resolve Papert’s seemingly conflicting no-
tion over the teacher’s role in a discovery learning environ-
mentin order for children to make the cognitive gains through
the use of LOGO as outlined in Mindstorms. It was perhaps
because of this lack of clarity and direction of how LOGO
should be used that has resulted in some researchers adopting
a narrow interpretation of Papert’s discovery-learning ap-
proach which is devoid of any teacher intervention.

Other researchers though, argue for the importance of
teacher intervention in a LOGO environment (e.g. Pea, 1983;
Leron, 198S; Au, Horton & Ryba, 1987), including the need to
make explicit to the learners of the type of problem solving
processes (e.g. Clarke & Chambers, 1984; Nolan & Ryba,
1986) and the incorporation of metacognitive training (e.g.
Lehrer & Randle, 1987; Au & Leung, 1991) which will
facilitate cognitive gains and the transfer of learning. Results
of more recent research that adopted systematic teacher inter-
vention have lent further support to such arguments (e.g.
Clements, 1990).

Length of treatment

Anotherrelated factor that could explain the discrepancies
of results with LOGO research is the length of “LOGO treat-
ment”. In examining the various studies related to LOGO
programming, it is apparent that there has been a large varia-
tion in the length of LOGO treatment for the subjects, ranging
from three 30 minute sessions (e.g. Cuneo, 1986) to an hour a
week foroneor two school years (e.g. Weir, 1981; Noss, 1987).

Arguably, this extensive variation in the durationof LOGO
treatment had contributed to the discrepancies in the results of
these research. While it is difficult to suggest what constitutes
sufficient or optimal LOGO training for the students, it is
reasonable to contend that the length of LOGO treatment is
directly related to the level of mastery of LOGO programming,
which might in tum influence the measures of the outcome
variables such as problem- solving skills development and
transfer.

Level of mastery

Researchers such as Pea and Kurland (1987), Dalbey and
Linn (1985), and Khayrallah & Meiraker (1987) have repeatedly
called for the examination of the relationship between the level
of mastery of programming and the cognitive consequences of
programming learning including the transfer of learning to other
knowledge domains. Linn (1985), Leron (1985), and Palumbo
(1990) have outlined a chain of cognitive accomplishment through
the learning of programming (Figure 1).

These researchers, inter alia, have argued that there are
stages that a student must go through, and that the level of
programming abilities a student has mastered would be a
predictor of the kinds of concepts and skills that the student will
transfer beyond programming. In particular, Pea and Kurland
(1984) and Dalbey and Linn (1985) has argued that cognitive
gains and transfer are related to the mastery of programming.
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While it is quite debatable whether a learner might not
cncounter metacognitive experience or develop metacognitive
knowledge while working at the first and the second levels, itis
clear that from these models that the higher the level reached by
the learners, the more probable that transfer of learing would
occur. In order (o increase the likelihood of transfer of leaming,
it would be advisable to increase the incidence of metacognitive
experience even during the early stages of leaming of LOGO.
Also, the direct teaching of metacognitive knowledge may be
another way (o facilitate transfer of learning.

Leve! of Linn Leron Palumbo
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Figure 1. Chain of cognitive accomplishment

Selection of sample

In reviewing a substantial number of research in LOGO,
there emerged a number of concemns related to the selection of
sample. These concerns are: (i) small number of subjects used
in some studies; (ii) the non-random selection of subjects; and
(iii) the appropriateness of selection of subjects.

Apart from many case-studics which obscrved only a very
small number of students, some studics, owing to their nature,
tended o use small number of subjects (c.g. studies with
physically handicapped students). However, there are a num-
ber of studies which used fairly small numbers of subjects in
typical experimental studies (e.g. Gorman & Bourne, 1983:

McAllister, 1985; Miller & Emihovich, 1986). The use of

small number of subjects in such studics clearly warrant
caution in interpreting their results.

BEST COPY AVAILABLE

A second concern is the non-random selection of subjects
in some of these studies. Owing (o possible ethical and logis-
tical constraints or otherwise, some studies did not select their
subjects randomly (e.g. Noss, 1987; Schacfer & Sprigle, 1988).
The non-random selection of subjects and allocation to groups,
and the lack of statistical control to compensate, clearly re-
flects a concern in the usc of experimental studics.

A third concemn relates to the selection of samples of the
appropriate age range for optimal training and benefit. Current
research on LOGO have selected samples ranging from pre-
school (o adults. A question that needs be addressed is: what
age group of subjects are likely to benefit from programming
instruction in LOGO?

Some researchers have argued that students at the con-
crete operational stage of cognitive development are unlikely
to improve significantly in higher order thinking skills, and
hence unlikely to benefit from problem solving skills instruc-
tion through the leaming of programming (c.f. Piaget, 1977,
Palumbo, 1990). However, such argument apparently runs
contrary to what Papert has advocated in Mindstorms—that
LOGO can concretize the abstract—implying that children’s
transition from the concrete operational stage o formal
operational thinking could be expedited by the learning of
LOGO programming.

One of the reasons that has been advanced was that
younger children have not had sufficient exposure to a variety
of problem solving domains, therefore, it would be unlikel y for
transfer of learning to occur. If that is the case, then future
research with LOGO need to address such issue by providing
students with more exposure in different problem solving
situations in order to increase the likelihood of transfer of
problem solving skills.

Research design

The last major issuc relates to the research design used in
a number of LOGO studics. Four major concerns can be
identified in this section: (i) use of control group; (ii) use of
traditional experimental design; (iii) cquivalence of training;
and (iv) social interaction while leaming LOGO. The second
and fourth concerns have been discussed in an carlier section
of this paper and hence will not be repeated here. The following
section will examince the other two concerns.

A number of studics (¢.g. Mayer & Fay, 1987; Schibeci,
1990), while using traditional experimental design, failed 1o
usc a control group. Without the use of a control group, these
studics could not ascertain whether the observations were the
results of LOGO’s influence only.

Another major problem inherent with many of the studics
reviewedrelates to the equivalence of training provided for the
various groups of subjects. Quite often, rescarchers would
provide “LOGO training” for the experimental groups and
“other methods™ such as CAl or “normal mathematic classes™
for the controls. This type of design often posed difficulty in
determining the equivalence of the various kinds of trainin g for
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the subjects. Therefore, careful consideration mustbe given to
the use of comparison groups in future studies.

Summary and conclusion

This paper has reviewed a number of LOGO studies and
highlighted some of the major concerns of LOGO research.
One of the main concerns is that the teaching and learning of
LOGO has been interpreted differently by different investi-
gators. In some studies, a purely discovery approach has been
adopted whereas on the other hand, a number of studies has
used various forms of teacher intervention. Although studies
that utilized teacher intervention seemed to yield more con-
sistent results in assisting learners in their cognitive develop-
ment, the effectiveness of instructional approaches used in
the teaching of LOGO still remained unclear. In particular,
much work remain to be done in identifying instructional
approaches that may assist the transfer of problem solving
skills to other domains.

The second major concern lies in the measurement of
problem solving skills and their transfer to other domains. Few
studies have taken into consideration of the need to identify the
type of transfer that may take place after leaming LOGO
programming, and how such transfer could be measured.

The third major concem relates to the social interactions
of learners while leaming to program with LOGO. Few studies
have attempted to measure nor control the type of social
interactions that might have influenced the problem solving
skills of learners.

In order to address these three major issues, future
studies on LOGO programming need to turn to the literature
inproblem solving and metacognition for further guidance in
the development of problem solving skills in relation to the
learning of LOGO. It is not sufficient to just talk about a
“LOGO environment or microworld”, rather, it is important
to examine more closely the various instructional, cultural,
social and human elements within such an environment.
Research with LOGO programming has “FORWARDED a
large number of steps” in the last twenty years. However,
future research will need to further address some of the major
issues discussed in this paper.
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Paper (M4.8c)
Virtual Reality: Magic in the Classroom

Mark L. Merickel
Oregon State University
Corvallis, Oregon

Abstract

This paper is a report on a study of the relationship between virtual reality (i.e., perceived realism) and the ability of children
to create, manipulate and utilize mental images for spatially related problem solving. The Creative Technology Project, as it was
named, was designed to see if specially designed treatments in Virtual Reality were capable of effecting (i.e., enhancing) various
cognitive abilities of children. The abilities under investigation were mental imagery, spatial relations, displacement and
transformation, creativity and spatially related problem solving. The project’s premise was that these cognitive abilities could
be enhanced by having the children develop, displace, transform and interact with 3D computer-generated models and worlds
in Virtual Reality.

Experiments were performed using 23 school age children between the ages of 8 and 11 who were enrolled in an elementary
summer school program in Novato, California. Two different computer apparatuses were used for the experiments: computer
workstations and a Virtual Reality/Cyberspace system developed by Autodesk, Inc. of Sausalito, California. The workstation
treatment incorporated three booklets to instruct the subjects on how to solve five different spatial relationship problems. The
Virtual Reality/Cyberspace treatment included two scripts to guide the subjects in solving different spatial relationship problems.

Four cognitive ability tests were administered to the subjects. The dependent variable (i.e., spatially related problem solving)
was measured with the Differential Aptitude Test. The three other measures (Minnesota Paper Form Board Test, Mental Rotation
Test, and the Torrance Test of Creative Thinking) were used to determine any effects which Virtual Reality may have had on the
subjects’ abilities to mentally manipulate two-dimensional figures, displace and transform mental images, and think creatively.

This study suggests that specially designed Virtual Reality/Cyberspace treatments may enhance children’s abilities to
visualize and mentally manipulate two-dimensional figures, displacement and transformation of mental images of three-
dimensional objects, and assist in solving spatially related problems. The project has shown that the technology known as virtual

reality is highly promising as a learning and teaching tool, and should be explored further.

Introduction

‘When industry, higher education and public schools col-
laborate on projects involving emerging technologies, every-
one can come out a winner. Such was the case when the high-
tech firm of Autodesk, Inc., the School of Education at Oregon
State University, and the Novato Unified School Districtin the
San Francisco Bay Area collaborated on the Creative Tech-
nologies Project designed by this author.

Project Details

The Creative Technology Project was designed to see if
designed interaction with virtual reality can enhance various
cognitive abilities of children. The abilities under investigation
were mental imagery, spatial relations, displacementand trans-
formation, creativity and spatially related problem solving.
The project’s premise was that these cognitive abilities could
be enhanced by having the children develop, displace, trans-
form and interact with 2D and 3D computer-generated models.

Experiments were performed with 23 children between
the ages of 8 and 11 who were enrolled in an clementary
summer school program in Novato, California. Two different
computer apparatuses were used for the experiments: com-
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puter workstations and a virtual reality/cyberspace system
developed by Autodesk, Inc. of Sausalito, California. The
workstation treatment incorporated three booklets to instruct
the subjects on how to solve five different spatial relationship
problems. The virtual reality/cyberspace treatment included
two scripts to guide the subjects in solving two different
spatial relationship problems. '

Four cognitive ability tests were pre- and post-adminis-
tered to the children. The dependent variable (i.e., spatially
related problem solving) was measured with the Differential
Aptitude Test. The three other measures (Minnesota Paper
Form Board Test, Mental Rotation Test, and the Torrance Test
of Creative Thinking) were used to determine any effects
which mental imagery may have had on the subjects’ abilities
to mentally manipulate two-dimensional figures, displace and
transform mental images, and creative thinking.

Training With Computer Workstations

Students in the workstation group were instructed how to
use the 386-based microcomputers to develop and manipu-
late computer-graphic images. The workstations were
equipped with VGA-graphics displays and two-button mice.
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Students were supplied instruction booklets, developed by
this author, that guided them through six different computer-
graphic projects.

The first project introduced the students to AutoSkelch, a
computer-aided drawing program by Autodesk, Inc., by hav-
ing them draw a “very happy face.” The second was a figural-
completion task (based in part on the E. Paul Torrance Test of
Creative Thinking). Third was a sequential story-building
task. The fourth problem included puzzle-building and spatial
problem-solving tasks (based in part on the Revised Minnesota
Paper Form Board Test by Likert and Quasha). The fifth
problem was pattern development and construction (based in
part on the Differential Aptitude Test—Space Relations by
Bennett, Seashore and Wesman). The sixth was the construc-
tion, displacement and transformation of 3D images on a 2D
display device (developed by this author).

From the outset, students in the workstation group were
enthusiastic and eager to begin. In fact, most were so over-
anxious that they did not take the time to follow the instruction
booklets. However, with some coaching and patience the
children started to follow the instruction booklets and were
soon developing their “very happy face” drawings.

After completing their drawings, the students would often
look at each others drawings and discuss how they performed
various drawing functions. They began to talk to each other in
anew technical language:

“How did you make that arc curve down?”
“I just picked the third point below the
second.”

These children were beginning to understand and appre-
ciate the power of developing drawings by using a computer.
And as they completed more of their assigned projects, their
skills improved. In fact, some of the children got together
during their free time and used the graphic and text functions
they had learned to develop a prototype school newspaper.
Other students began developing very sophisticated graphic
puzzles. When the puzzles were completed, they would use
editing commands to take them apart. Once apart, they would
re-assemble them in various rotations. There appeared to be no
shortage of creativity with this group of children.

Training in Virtual Reality

The second group of students were trained in the use of
this relatively new technology known as virtual reality or
cyberspace. Virtual reality provides a new way of interacting
with computers. In virtual reality, users interact with com-
puter graphic models and data as though the models were
virtually real. This human-computer interface provides the
ability to virtually simulate, and interact with, any “reality”
that can be imagined.

Humans experience reality through signals that the senses
of vision (light waves), hearing (sound waves), touch (nerve

impulses), taste (substances passing over receptor cells, taste
buds in the mouth), and odor (nerve impulses in the nostrils)
receive. These signals are responsible for the “reality” that our
senses perceive and our minds create.

The basic concept of virtual reality is that the computer
can generate some of these signals (light and sound waves, and
tactile stimuli) to “fool” our senses into “experiencing” a
simulated reality. The success of this technology is measured
by how well these computer-generated graphics, sound and
tactile “illusions” are able to replace our real-world senses.

Under old technology, computer interaction is performed
extrinsically, from a point of view of the user standing outside
the system and then using input devices to put information into
the computer and output devices to get information out of the
computer. A virtual reality system is designed to operate
intrinsically, with the user being virtually within the compuler.

Although the technology of virtual reality iscertainly in its
evolutionary infancy, it appears to have the potential to “re-
place” physicalreality ina wide variety of applications. In fact,
this technology has the potential to go beyond the limits of
physical reality by allowing users to explore dimensions such
as time and scale. The ability to explore, and interact with,
multidimensional virtual environments (including time and
scale) will allow researchers, scientists, engineers, teachers,
psychologists, architects, artists, and many others to study the
behavior of nature and will eventually influence our cognitive
understanding of reality...and most certainly the way children
learn and teachers teach.

Virtual Reality Component Technologies

There are no unique technologies used in a virtual reality
(VR) system. In fact, a virtual reality (VR) system simply
brings together a number of existing technologies intoa unique
assembly. It is this unique assembly of component technolo-
gies (and specialized software) which creates a new user
interface. The components of a typical virtual reality (VR)
system can be broken down into two kinds: those which
register behavior and those which provide sensory informa-
tion. Behavior and sensory components convert data from a
virtual world to the users sensory world via a continuous
feedback loop (Walser, 1990). The components which make
up a typical virtual reality (VR) system include:

Visual Displays

Visualdisplays used inmost VR systems are head-mounted
or goggle-like in nature. That is, the displays are positioned
directly in front of the user’s eyes. The display is either head-
mounted using a retaining device to maintain its position in
front of the eyes, or a non-head mounted visual di splay which
can be manually positioned in front of the eyes as needed.
Virtual environment display devices allow graphic models to
be perceived as “real” three-dimensional worlds. This percep-
tion is caused by the stimulation of the depth cues of motion
parallax and binocular disparity (Merickel, 1991).
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VPL Corporation of Redwood City, California has devel-
oped a head-mounted three-dimensional display device called
EyePhones(tm). EyePhones are head-mounted stereoscopic
displays that utilize wide angle lenses which allow a horizontal
field of view of 80 degrees for one eye and 100 degrees for both
eyes, and a vertical field of view from between 60 to 75
degrees. VPL offers two EyePhones models, the LX and the
HRX. The HRX contains two 275 dpi LCD color displays
which accept standard NTSC video signals. The LCD matrix
of the LX EyePhones is 360 x 240 primary colored pixels,
while the HRX offers a 720 x 480 matrix.

Fiber Optic Motion Sensors

Fiberopticmotion sensors, ranging fromasingle glove for
monitoring wrist, hand, and finger movements, to complete
body suits which are covered with over 500 fiber optic sensors
todetect “full” body movements, are used to sense motions and
gestures. The most commonly used hand motion and gesture
recognition device is the DataGlove produced by VPL Re-
search, Inc. The DataGlove is a computer input glove that
converts hand motion into computer readable form. Light-
weight fiber optic sensors are mounted on a Lycra(tm) glove,
and measure finger flexation. Signals are sent through each of
the optic fibers which are located directly above each of the
glove fingers and thumb. The fibers are “etched” at each of the
finger’s and thumb’s joints. When the fibers are bent, the signal
is attenuated, the more diminished the more the joint is pre-
sumed to be bent. The DataGlove can be interfaced through
either DATU or a DataGlove Control Unit that contains an
integrated positional tracking device.

Position and Orientation Tracking Sensors

Spatial tracking is performed in most of the virtual reality
systems by using magnetic field technology. Most commonly,
Polhemus 3Space(R) six degree of freedom, magnetic sensors
are used for tracking head and hand position (x,y,z) and
orientation (roll, pitch, yaw) within a virtual world. Polhemus
sensors consist of a transmitter and receiver pair. Via triangu-
lations, these sensors can track a users movements within a 12
foot diameter hemisphere (the center of the hemisphere is
located at the stationary receiver pair). Tracking is performed
when the user moves head or hand. The transmitter signals the
receiver, which in turn signals the computer, which then
updates the images on the displays. The signal measured at
each of the receivers permits calculations of position within 0.1
inches and orientation [attitude] within 0.5 degrees. Polhemus
tracking sensors support interfaces to any host computer sys-
tem via RS 232 or RS 422 serial communications.

Three-Dimensional Sound

Three-dimensional sound recreates the filtering effects of
the irregular shape of the human outer ear (pinnae) to render
directional cues (including front-back and up-down cues) for
up to four simultaneous sound sources. Current virtual reality
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systems which employ three-dimensional sound technology
use the Convolvotron (tm) from Crystal River Engineering,
Inc. The Convolvotron(tm) provides a 320 MIPS real-time
signal processing subsystem that recreates the pinnae filtering
effects. Exaggerated Doppler shift and other spatial sound
effects beyond pinnae filtering are also rendered by the
Convolvotron. VPL Research, Inc. uses the Convolvotron to
create what it calls the AudioSphere. The AudioSphere con-
tains an integrated digital sound sampler that provides sound
sources for use as user interface cues, improved object feed-
back, and other virtual reality applications.

Graphics Rendering

The graphic images which make up virtual worlds con-
sist of surface rendered three-dimensional models. To per-
form this function, virtual reality systems must have render-
ing engines which are capable of rendering the virtual world
models with each change of the user’s position and orienta-
tion. This requires that specific rendering processing be
dedicated to each of the two LCD monitors contained within
the virtual system display device.

The VPL RB2 system accomplishes this task by using two
dedicated Silicon Graphics workstations as rendering engines.
The RB2 system can utilize any Silicon Graphics workstation,
such as the SkyWriter, as well as other vendors’ graphics
workstation, in a single or dual configuration for enhanced
performance. VPL’s RB2 Model 2 system is capable of per-
forming image rendering using a single Silicon Graphics 4D/
310VGX workstation configuration.

The Autodesk, Inc. cyberspace (i.e., virtual reality) sys-
tem, used for this project, requires two graphics boards in a
PC-based system (one for each LCD monitor contained in the
virtual system display). Currently, the cyberspace system
uses two Matrox graphics boards which are built around the
Texas Instrument 34010 signal processing chips and custom
gate arrays. The Matrox boards are attached to a passive AT
backplane which supports a 20Mhz Intel 80386 processor
board and a number of serial, Ethernet, and disk controller
cards. The matrox boards generate the three-dimensional
perspective images which are then converted via NTSC
converter into standard video signals. The NTSC signals are
then sent to the-two LCD displays inside the headset, thus
producing a stereoscopic display.

By linking these component technologies (i.e., hardware)
together with specially written software, virtual worlds are
created and interacted with.

Children Become Cybernauts

The virtual reality experiments of the Creative Technolo-
gies Project began with classroom training in the various
techniques and physical gestures required for moving within,
and interacting with, virtual models. Each child was shown
how the DataGlove and the head-mounted display (i.e., VPLs
EyePhones) would feel by first trying them on without being
connected to the computer.
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After the “practice runs,” the children were given the
opportunity to don the virtual reality apparatus and interact
with two different computer-generated, 3D, virtual realities.
As the first student placed the DataGlove on her hand and the
system was calibrated, you could tell she was quite nervous.
After all, this was pretty sophisticated looking equipment.
With the DataGlove calibrated, it was time to place the display
on her head. As the headset was adjusted on the first cybernaut,
her normally boisterous classmates stood absolutely motion-
less and silent. Then, with the proper hand gesture (making a
fist with the palm down), there it was. ..a virtual world. As big
as life, there in front of the youthful cyberaut, was an office-
like building. By watching a large monitor, his classmates were
able to view the scene as it was displayed in the cybernaut’s
right headset monitor. You could see the children come to
life.. .excitement truly filled the air.

The children used the cyberspace (i.e., virtual reality)
system on two different days to complete the two different
experiments. After the first experiment, the children all came
out of virtual space extremely excited. In fact, many under-
stood virtual reality for what it actually is. A few commented,
“I’s like being inside the computer.” This is, of course, exactly
what virtual reality is all about.

During the second experiment, most students were travel-
ing in virtual space with little or no difficulty. The student’s
gestures were fluid and, therefore, so was their traveling in
virtual space. The children began to relax and walk around
more, even though walking movement is restricted by the
cables that attach the DataGlove and head-mounted display to
the tracking interface equipment. Students began to turn or
walk around in order to track and find various items. The
children appeared to have no preconceived notions or reserva-
tions about “traveling inside a computer.” In summary, these
children had become quite proficient with this cutting-edge
technology in a very short time.

Project Results

The results of the study indicated that a relationship
between perceived realism and the ability of children to create,
manipulate and utilize mental images in solving spatially
related problems is unverified at this time. The results also
indicated that displacement and transformation and visualiz-
ing and mentally manipulating two-dimensional objects were
significantly related to spatially related problem solving abili-
ties of children (R = .68, F = 8.05, ndf = 1,20, p = .00). Al-
though creative thinking was found not to be significantly
related to spatially related problem solving abilities of chil-
dren, the relationship between spatially related problem solv-
ing and creative thinking is still uncertain,

The results also indicated that both groups made signifi-
cant gains in spatially related problem solving
(F =7.35, ndf = 1,21, p = .013),visualization
(F=5.21, ndf = 1,21, p = .033) and displacement and trans-
formation (F = 23.24, ndf = 1,21, p = .000), however there

were no significant gains by either treatment group for
creative thinking (F = 1.75, ndf = 1,21, p = .201). Addition-
ally, there was no apparent difference between treatments for
visualization (F =2.40, ndf = 1,21, p=.137) and creative
thinking (F = 1.67, ndf = 1,21, p = .211). The workstation
group scores were found to be significantly higher than the
virtual reality/cyberspace group on displacement and trans-
formationabilities (F = 23.24, ndf = 1,21, p = .000), but there
was no interaction between the groups and time (F = .19,
ndf = 1,21, p = .671). This would indicate that both groups’
scores increased in parallel.

A relationship between perceived realism and the ability
of children to create, manipulate and utilize mental i images in
solving spatially related problems is inconclusive at this time.
It still appears important to understand children’s spatial
abilities in terms of their perceived realism of objects, their
encoding of spatial information into mental i images, and their
subsequent use of those images in solving problems.

Finally, spatially related problem solving abilities of chil-
dren are influenced by training in visualization and mental
manipulation of two-dimensional figures and displacement
and transformation of mental images of three-dimensional
objects. Additionally, the treatments used in this study en-
hanced children’s abilities to visualize and mentally manipu-
late two-dimensional figures, displace and transform mental
images of three-dimensional objects, and solve spatially re-
lated problems. Further research regarding computer worksta-
tion graphic-based treatments and perceived realism and their
relationship to problem solving should be undertaken. Virtual
reality/cyberspace and the workstation treatments used in this
study enhanced children’s abilities to visualize and mentally
manipulate two-dimensional figures, displacement and trans-
formation of mental images of three-dimensional objects, and
solving spatially related problems.

Implications of the Project

Today, computers, software and even approaches to in-
struction may be adopted purely on a speculation of outcome.
That speculated outcome, however, may not occur. The Cre-
ative Technologies Project was an attempt to test the outcomes
of using new technologies before naive and inappropriate
educational methodologies are adopted for classroom use. The
project was specifically designed to provide answers to the
question: can the development, displacement and transforma-
tion of, and interaction with, 2D and/or 3D computer graphics
enhance a child’s ability to create, manipulate and utilize
mental images; their spatial and visual abilities; displacement
and transformation abilities; creative thinking ability, and
spatially related problem-solving abilities?”

This project showed that additional research on particular
interactions between 2D and 3D computer graphics and virtual
reality, and various cognitive abilities of children, is war-
ranted. The research has also shown that the technology known
as virtual reality is highly promising and deserves extensive
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development as an instructional and training tool. But equally
important, the cooperative efforts required by Autodesk, Inc.,
the School of Education at Oregon State University and the
Novato Unified School District proved beneficial to all in-
volved. Industry was provided feedback on their technology in
action. Education is allowed to test innovative approaches to
instruction in a controlled setting and use state-of-the-art
equipment. And the children get to fly!
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Projects (M4.9)
Telecommunications

Montana Telecommunications Project (METNet): Distance Education in Big Sky Country
Janis H. Bruwelheide

Montana State University

Bozeman, MT

Abstract
The Montana Legislature (HB30) established the Montana Educational Telecommunications Network (METNet) “to
support education, economic development and government services in the state.” The Office of Public Instruction, the Office
of the Commissioner of Higher Education, and the Department of Administration are working cooperatively to develop
METNet.
METNet provides:

* instructional and education course work for K-12 students, students enrolled in units of the Montana University System,
and vocational-technical centers and community colleges '
- * instructional and professional development training for teachers and others involved in education -
* telecommunication capabilities to schools, state agencies, subdivisions of state government, and public libraries

METNet has three components: bulletin board system, compressed video, and satellite.

Kid Link: Telecommunications in a Global Community
Carylie Lawson

St. Charles Parish Schools

Luling, LA

Abstract
As we embark into the twenty-first century, educators must realize the importance of incorporating computer technology
into the core curriculum. Educators in St. Charles Parish, Louisiana have done this through a global telecommunications
project entitled Kid Link: Learning On Line. Telecommunications is integrated into the areas of Language Arts, Science,
and Social Studies.
This presentation will inform participants how to effectively and successfully establish telepartnerships with classrooms
around the nation as well as the globe. Steps for setting up national and international partnerships will be outlined with
emphasis on the following goals:

* Incorporate technology into the curriculum

* Access information on current events and topics for research

* Exchange, conduct, and compare results of science experiments

* Leamn of the diversity among peoples by sharing cultural information

* Become active partners in the world community by thinking globally while acting
locally

Students in elementary classrooms were exposed to new avenues of learning through the process of telecommunications.
Working with cooperative group settings within their respective classrooms, they conducted research, wrote reports, collected
scientific data, and shared diverse social and cultural information. Technology was used by teachers to enhance activities
that enabled students to become active, collaborative learners while using hands-on activities investigating, inquiring, and
discovering new knowledge. Students became self-confident, independent learners and developed critical thinking skills
necessary to become skilled, productive workers in the twenty-first century.

Kid Link is a project that has been formed among elementary schools within the United States, and most recently ex-
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panded on a worldwide level, using one elementary classroom as a pilot to test the practicality of transatlantic communica-
tions. Specifically, a Russian partnership was formed for this means, and the steps involved in establishing this partership
will be reviewed. Successes and cautions will be shared.

Kid Link is a non-commercial venture currently supported by St. Charles Parish Schools and extended on a worldwide
basis free of charge to participants.

This abstract was taken from the author’s originally submitted proposal

Choosing On-Line Solutions for Your School: Which One is Right?
Rachel Pinson

Mountain Brook High School

Birmingham, AL

Abstract

It is no secret that telecommunications and “on-line” service are an essential element of our schools and educational system.
School libraries, offices, and, increasingly, classrooms are being equipped with computers and modems so that students and
teachers can accomplish objectives like: “providing appropriate opportunities for students to become technologically literate;
providing opportunities for students to use technology to enhance their learning in all curricular areas; and providing opportunities
for students to experience their world-wide citizenship.”

Just as it is vital to have definite educational goals and objectives, it is also important to pay close attention to choosing the
right tools to accomplish those goals and objectives. This presentation will look at the types of telecommunications that are
available and share a process for evaluating and choosing the correct service for a given school situation.

Specifically, the program will present an overview of telecommunications and share ideas about ways that it can be utilized
inschool settings. Secondly, the program will present a four-step process for evaluating and choosing an on-line service. Thirdly,
the program will look at some technical and logistical considerations to be made. Finally, the program will address the issues of
evaluating, analyzing, and updating the use of telecommunications services within a school.

Without a doubt, telecommunications can be one of the educator’s most powerful tools and motivators. Just as with other tools,
however, if it is not the right one, it is virtually worthless. This presentation will help educators avoid making a mistake and it
will give them the knowledge to choose a valuable tool that is right for them!

Motivation for Conversation: International Relay Chat (IRC)
Jude Sacry

Colorado Foreign Language Teacher of the Year

Boulder Valley Schools

Lafayette, CO

Abstract

As a foreign language teacher and a participant in the Boulder Valley Internet Project, one of my missions is to integrate
the use of the Internet resources into the curriculum. The International Relay Chat (IRC) is a terrific resource within the
Internet for students of a foreign language.

Students may request access to the Internet. Both the student and a parent are required to sign a contract which specifies
user responsibility and “netiquette.” Due to the controversial nature of some discussions on IRC, the parent is also required
to sign an additional permission form following a demonstration of the chat feature.

IRC access has been outside of class with the exception of some student training. In-class use is preferred; however, with
only a modem connection this is not practical.

IRC allows students to participate in real-time Spanish discussions with people all over the world. This has positive
effects: a greater willingness to learn additional grammar, vocabulary, and culture, and an increase in comprehension and
speaking abilities. Students are also more aware of spelling. They no longer wonder if they will ever use the foreign
language, but can apply their knowledge immediately, which provides motivation and excitement.
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Developing an Ecology Unit for Native Americans
Barbara Brehm

Eastern Montana College

Billings, MT

Abstract
This session will present an overview of an ecology thematic unit and discuss the success and problems of working in a
new middle school environment with a large Native American population. Activities included a variety of software as well as
a telecommunications project. Community members served as resource people on ecological concerns and told legends of the
Crow Tribe. Students volunteered for a community clean-up project and published a newspaper on ecological issues includ-
ing ones of the local community. Handouts will include an overview of the thematic unit and sample activities which could’
be adapted for younger students. A

Summer Magic at Computer Camp
Adrianne Hunt and Judy Anderson
Calcasieu Parish Schools

Lake Charles, LA

Abstract

The Calcasieu Parish School System, located in the southwest corner of Louisiana, has established a Technology Training
Center where teachers come to leam to use new technology tools. The Tech Center staff, recognizing the need for continued
learning in the summer for adults and children, sponsors an annual Computer Camp. The camp provides fun and enrichment
for all involved and also puts the technology equipment to good use, year round.

Nearly 300 youngsters in grades 3-8 attend. Staffed by master technology teachers, the camp provides each child ex-
tended hands-on time in six curriculum areas: desktop publishing, art, video production, science and technology, exploratory
lab, and multimedia. Software in use includes Linkway, HyperStudio, Toolbook, HyperCard, the Writing Center, Prodigy, a
wide variety of laserdiscs and CD-ROMs—in short, the best in children’s computing,

Many rewards are tangibly linked to the camp— parents are delighted and amazed to see their children sit down confi-
dently to many different kinds of equipment; teachers get a summer salary boost; the project provides an ideal inservice
setting; and local news media provide good news about education to the community. A summer computer camp is trul