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Preface

These are the proceedings of the 2001 Annual International Conference of
the Association for the Education of Teachers in Science, held in Costa Mesa, CA,
January 18-21, 2001. It is the sixth in the set of proceedings of AETS annual
conferences. Over 70 papers and summaries of presentations from the conference
are included, ordered by the corresponding conference session designation and by
the first author’s last name if it did not appear in the printed conference program.
The conference program also is included.

Each paper and presentation summary submitted for inclusion in the
proceedings was reviewed by one of the four editors. Because these proceedings
are to serve as a record of the 2001 AETS annual meeting, the papers and
presentation summaries were not heavily edited and were not refereed. Those
papers and presentation summaries that were revised and returned by a designated
date were included.

These proceedings are disseminated via the ERIC Clearinghouse for
Science, Mathematics and Environmental Education in microfiche form (with
hard copy available through ERIC) and on the AETS World Wide Web Site at
URL http://www.aets.unr.edu/. Given ERIC documents and web materials are not
copyrighted, papers and presentation summaries included in these proceedings
may be submitted for publications in journals such as the Journal of Science
Teacher Education and Science Education. For information on how to secure a
microfiche or hard copy of these proceedings through ERIC, see your campus or
local library, WWW URL http://edrs.com/, or phone 800-433-ERIC. Also, the
papers and presentation summaries included in these proceedings may be
downloaded directly from the AETS WWW site as a RTF (Rich Text Format)
file.

We are very pleased to have had the opportunity to edit these proceedings.

Peter A. Rubba, The Pennsylvania State University

James A. Rye, West Virginia University

Warren J. Di Biase, University of North Carolina at Charlotte
Barbara A. Crawford, The Pennsylvania State University
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Lynda Price, Temple University
Graciela Slesaransky-Poe, Temple University
(Session S 5.7)

THE LEVELS OF ACCESSIBILITY MATRIX SYSTEM FOR 1286
DETERMINING THE APPROPRIATENESS OF HANDS-ON
SCIENCE ACTIVITIES FOR STUDENTS WITH DISABILITIES

E. Barbara Klemm, University of Hawaii

Joseph R. Laszlo, University of Hawaii

(Session S 5.7)
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THE EFFECTS OF AN AFTER-SCHOOL SCIENCE
PROGRAM ON MIDDLE SCHOOL FEMALE STUDENTS’
ATTITUDES TOWARD SCIENCE, MATHEMATICS AND
ENGINEERING

Maria M. Ferreira, Wayne State University

(Session S 5.8)

SCIENCE AND MATHEMATICS PROFESSIONAL
DEVELOPMENT AT A LIBERAL ARTS UNIVERSITY:
EFFECTS ON CONTENT KNOWLEDGE, TEACHER
CONFIDENCE AND STRATEGIES, AND STUDENT
ACHIEVEMENT

Cynthia H. Greer, Xavier University

(Session S 5.8)

SEXUALITY HAS A PLACE IN THE SCIENCE CLASSROOM
Anne-Marie Scholer, Endicott College
(Session S 6.6)

DRAWING ON THEIR UNDERSTANDING: USING
ILLUSTRATIONS TO INVOKE DEEPER THINKING ABOUT
PLANTS

Shannan McNair, Qakland University

Mary Stein, Oakland University

(Session S 6.7)

BLOCK SCHEDULING SCIENCE: DOES IT HELP OR
HINDER?

- Donna L. Ross, San Diego State University

Julie F. Westerlund, Southwest Texas State University

(Session S 6.10)

“JUST IN TIME”: AN ALTERNATIVE PATHWAY TO
TEACHING (APT)

Camille L. Wainwright, Pacific University
(Session Su 1.2)
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ISSUES IN THE PREPARATION OF TEACHERS TO FACE
THE CHALLENGE OF THE BLACK-WHITE ACHIEVEMENT
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Charles R. Ault, Jr., Lewis & Clark College

Obed Norman, Washington State University Vancouver
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David T. Crowther, University of Nevada, Reno

Norman G. Lederman, Oregon State University

Bob Curtis, Lane Education Service District

John R. Cannon, University of Nevada, Reno
(Session Su 1.9)

THREE NON-WESTERN EUROPEAN STUDENT TEACHERS’
CONCEPTIONS OF TEACHING SCIENCE TO ADOLESCENT
ENGLISH LANGUAGE LEARNERS

J. Richard Pomeroy, University of California, Davis
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INSTRUCTION—A CASE STUDY OF AN ENVIRONMENTAL
ENGINEERING LAB COURSE

Valarie L. Akerson, Washington State University

Victor F. Medina, Washington State University

Nina Wang, Washington State University
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Amy Cox-Peterson, California State University Fullerton
Bonnie Brunkhorst, California State University San Bernardino
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Robert Yamashita, California State University San Marcos
(Session Su 2.9)
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BEYOND, DISCOURSE PRACTICES IN A WEB COURSE FOR
ELEMENTARY SCIENCE TEACHERS

Kathleen S. Davis, University of Massachusetts, Amherst
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Conference Theme: 2001 and Bevond: New Horizons in Science Teacher Education

Welcome to the 2001 AETS International Conference in Southern California. The
Westin-South Coast Plaza is in Costa Mesa, three miles from the John Wayne/Orange County
Airport. The Westin is a luxurious hotel that adjoins South Coast Plaza, a unique retail center
featuring more than 275 premier shopping and dining choices. Nearby are Balboa Island,
Newport Beach, Laguna Beach, Disneyland, Knott’s Berry Farm, Catalina Island, Dana Point, the
Orange County Performing Arts Center, South Coast Repertory Theatre, and several art
museums.

The Conference Theme is 2001 and Beyond: New Horizons in Science Teacher
Education. This AETS Conference will be a joint meeting with the 5" Annual Conference of the
Association of Mathematics Teacher Educators (AMTE). Preconference workshops and tours
will be held Thursday morning, and concurrent sessions will begin at 1 p.m. on Thursday.
Keynote sessions will be held Thursday and Friday afternoons. The opening reception will be
Thursday after the Keynote address. Optional evening events for Friday and Saturday include a
trip to the J.P. Getty Museum in Los Angeles, and a Cabaret at the Orange County Performing
Arts Center.

Dr. Richard Villa and Dr. Jacqueline Thousand, international speakers/authors on
inclusive education will present the Thursday keynote. Dr. Villa and Dr. Thousand have authored
numerous books, research articles and book chapters on practical how-to strategies for meeting
the needs of all students in general education; adapting curriculum, instruction, and assessment;
collaborative teaming; co-teaching; and creative problem-solving. Both have extensive
experience working with educational opportunities for students with various disabilities and/or
who are at-risk for school failure. Their keynote will address characteristics of successful
inclusionary schools; implementation of recent legislative mandates; and implications for science
teacher preparation.

Dr. Stewart Sumida and Dr. Elizabeth Rega will be the keynote speakers for the general
session on Friday. They will discuss the use of media to illustrate science content in teacher
education settings. Dr. Stuart Sumida is a specialist on the evolution of back-boned animals, and
is consultant on various Disney films including Beauty and the Beast, Lion King, Pocahontas,
Hercules, Mulan, Tarzan, and the upcoming Dinosaur and Fantasia 2000. Dr. Sumida’s work in
vertebrate paleontology has been featured in National Geographic. Dr. Elizabeth Rega has
become the world’s first choice for translating elements of human and primate anatomy to artists.
She has worked on Pocahontas, Tarzan, Mulan Prince of Egypt, and Dinosaur.

Corporate sponsors for 2001 AETS are Delta Education, Casio, Inc., Texas Instruments,
Biological Sciences Curriculum Study, California State University, San Marcos College of
Education and the Institute for Science Education, California State University, San Bernardino.
Exhibitors include NASA, Join Hands Educational Foundation, ESRI Schools and Libraries and
The University of Texas at Austin Science Education Center. As a member of AETS and a
conference attendee, please let these organizations know how much you appreciate their support
of AETS. We would like to thank all the committee members listed on the following page. We
would like to thank John Cannon, our Director of Electronic Service for making all conference
information and registration forms available through the AETS Web site and the listserve. We
wish to thank Jon Pederson for leading the registration process and for providing for fiscal
arrangements. Additional thanks are given to previous AETS conference committees, whose
members provided ideas and advice on various aspects of carrying out an AETS conference.

We hope that you will enjoy Costa Mesa and our 2001 AETS Conference. If you have
questions, concerns, or comments please let us know.

Kathy Norman and James Barufaldi, Conference Co-chairs
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Communications Jan Woerner, California State University San Bernardino

Conference Registration Jon Pederson, AETS Executive Secretary
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Caroline Beller, University of Arkansas

Conference Evaluation  Patti Nason, Stephen F. Austin State University
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Corporate Sponsorships James Barufaldi, The University of Texas at Austin
Bill Baird, Auburn University

Exhibits Coordinators ~ James Barufaldi, The University of Texas at Austin
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Robin Freedman, Buffalo State College

Liaison with AMTE Paul Kuerbis, Colorado College

Logistics Coordinator ~ Alan McCormack, San Diego State University
Publicity Coordinator =~ William Ritz, California State University Long Beach
Time Capsule Kathleen O’Sullivan, San Francisco State University
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AETS 2001 CONFERENCE SCHEDULE
January 18-21, 2001
The Westin — South Coast Plaza
Costa Mesa, California

Wednesday
6:00 p.m. — 10:00 p.m. AETS Board Meeting
7:00 p.m. — 9:00 p.m. Registration
Thursday
7:00am — 5:00p.m. Registration
8:30 a.m. — 12:00 noon. Pre-conference Workshops and Tours
1:00 p.m. — 3:20 p.m. Concurrent Sessions
3:20 p.m. — 4:00 p.m. Coffee Break
4:.00p.m - 5:15p.m. General Session and Keynote Address
5:15p.m. — 7:15 p.m. Reception and Poster Session
Friday
6:30 am. — 8:00 am. Continental Breakfast with AMTE
7:00 am. — 5:00 p.m. Registration
8:00 am. - 11:40 am. Concurrent Sessions
11:45a.m. - 1:15p.m. Lunch and Committee Meetings
1:20 p.m. — 2:20 p.m. Concurrent Sessions
2:20 p.m. — 2:40 p.m. Coffee Break with AMTE
2:40 p.m. — 3:40 p.m. Concurrent Sessions
3:45p.m. — 5:00 p.m. General Session and Keynote Address
5:00 p.m. — 10:00 p.m. Trip to J.P. Getty Museum (bus leaves at 5:10)
(Tickets must be purchased prior to event)
Saturday
6:30 am. - 8:00 am. Continental Breakfast with AMTE
7:00 am. — 5:00 p.m. Registration
8:00 a.m. — 11:40 a.m. Concurrent Sessions
12:00 noon- 2:00 p.m. Awards Luncheon and Business Meeting
2:15p.m. - 5:55p.m. Concurrent Sessions
7:30 p.m. — 9:30 p.m. Women in Science Education Dessert Function
(Tickets must be purchased prior to event)
Sunday
6:30 am. — 8:00 a.m. Continental Breakfast
8:00 a.m. — 12:00 noon AETS Board Meeting
8:00 am. — 10:20 a.m. Concurrent Sessions

THE AETS TIME CAPSULE

This year’s AETS Conference begins a time odyssey that culminates in the AETS Centennial
Anniversary in the year 2030. The 2001 Conference Committee has purchased a top grade, stainless steel,
certified time capsule for our messages to the future. Write your message to science educators of the future
on the back of your business card (or attach to your business card). Turn in your message and business
card at the Registration desk along with other items that will be beneficial to future science educators. The
messages and selected items will be placed in the AETS Time Capsule. The Capsule will be opened at the
2030 AETS Conference, but before sealing it in 2001, we will share a few of the messages with you.
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AETS 2001 Pre-Conference Workshops
8:30 — 12:00 noon - January 18, 2001

Workshop 1 - Integrating Nature Legends Across the Curriculum San Diego
This session will present storytelling as a method of using legends to convey science
topics and concepts. The session will use lecture, storytelling, cooperative groups, and
writing to convey concepts. Participants will hear stories and be able to write their own
nature legend. Presenter: Candace R. Miller

Workshop 2 — Problem-based Learning (PBL) and Science Instruction San Pedro

This session will provide an overview of Problem-Based Learning, including PBL as an
instructional strategy, the nature of ill-structured problems, the flow of activity during
problem-based units, and assessment of learning during PBL. Presenters: Warren
DiBiase and William Stepien

Workshop 3 — Building Web-Based Portfolios to Support Learning to Teach San Marcos
This practical, hands-on workshop will feature opportunities to (1) explore web-based

science teaching portfolios prepared by perspective science teachers, (2) develop basic
hypermedia and website construction techniques, and (3) learn about policies and
procedures that can facilitate a teacher education web-based portfolio program.
Presenters: Tom Dana, Carla Zemal-Saul, Leigh Boardman, and Kathleen Sillman.

Workshop 4 — Moving from ‘They should...’ to ‘I will...’ San Juan

The Role of Field Experience in Becoming a Teacher
This session focuses on the role of field experiences and entry-year support programs at

two universities in shaping and supporting your professionals’ inquiry-based practices.
The basic structures, expectations, and evaluation tools will be presented, and participants
will select and work collectively on a number of critical issues, such as inclusion, multi-
cultural approaches, high stakes testing, structuring safe laboratories, educational
technologies, and authentic assessment. Presenters: Paul Vellom and Marci Fetters

Workshop S — Creating a Classroom Community of Young Scientists San Felipe
This workshop will explore, develop and expand key concepts, themes, and strategies in
elementary science teacher education (re: Creating a Classroom Community of Young
Scientists: A Desktop Companion by Jeff Bloom). Key concepts to be developed include
(a) responding to children’s thinking and ideas in science (b) developing understanding of
inquiry in science and learning; (c) developing philosophical and theoretical frameworks
of science teaching; and (d) developing communities in the classroom and beyond.
Presenters: Jeff Bloom and Vince Lunetta
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Workshop 6 — AWorking Micro-Conference on Urban Science Teaching San Carlos
This session will serve as a catalyst for sharing expertise and fashioning connections
among individuals interested in urban science teaching. Participants will communicate
their responses to these issues: reaching consensus about uniqueness of urban school
systems; determining the influence of these factors upon science teaching research; and
articulating a political agenda. Presenters: John Settlage and Paul Jablon

Workshop 7 — Preparing Tomorrow’s Science Teachers Executive Board Room
to Use Technology: A Hands-On Workshop for Beginners

This workshop features hands-on opportunities to learn some of the best technology tools
for science instruction, including spreadsheets, the Internet, and Intel’s new QX3
computer microscope. Highlighting new “Technology Guidelines for Science
Education,” emphasis will be placed on using technology to facilitate learning science,
rather than on using technology for its own sake.

Presenters: Randy L. Bell and Larry Flick.

Optional Evening Events at AETS 2001

Friday Evening Event 1 — The J. Paul Getty Museum in Los Angeles
Enjoy a night at the famous J. P. Getty Museum in Los Angeles. The museum offers

collections of European paintings, drawings, sculpture, illuminated manuscripts,
decorative arts, and European and American photographs. (Bus leaves The Westin at 5:10
p.m. Visit the Getty from 6:30 — 9:00, eating dinner at the museum’s cafeteria.)

Fee: $15 includes transportation and entrance, not dinner.

Friday or Saturday Evening Event 2 — Kristen Chenoweth at the Orange County

Performing Arts Center
Kristen Chenoweth will be performing in a Cabaret Series at Segerstrom Hall of the

Orange County Performing Arts Center adjacent to the hotel. A Tony winner for her
performance as Sally in You’re a Good Man, Charlie Brown, Chenoweth is bound to
wow you with her performance. 7:30 p.m. show is $49.00; 9:30 p.m. show is $45.00

Saturday Evening Event 3 — WISE Dessert and Networking

Everyone is welcome to join the Women in Science Education interest group for dessert
and networking, Saturday evening from 7:30-9:30 p.m. in the hotel.

Fee: $15.00 includes fruit, pastries, coffee, and tea.
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AETS Annual Meeting 2001

Thursday Afternoon
Concurrent Sessions
1:00-2:00 p.m.

1:00-2:00 p.m. TI1.1 San Marcos

Science as Inquiry: Using Replacement Units as Models

Despite decades of teacher education in inquiry-based instruction, many science teachers do not use inquiry
as their preferred approach to teaching and learning, even when presented with curricula that are based on
inquiry. Join in a dialogue about the implication of this finding for science teacher education.

Presenters: Roger Bybee, Biological Sciences Curriculum Study; Bruce Fuchs, National Institute of Health

1:00-2:00 p.m. T1.2 San Juan

Preparing Teachers to Address Anti-Science Censors: The Cases of Evolution and
Behavioral Genetics

Censoring Science---Alice in Wonderland and Other Fairytales set in Kansas

Censors are using the democratic election process and the populist nature of voters to achieve ends that the
monkey trial of the 1920’s, the equal time policies of the 1960’s, and the Reagan politics of the 1970’s
could not achieve. This paper will outline the educational-political components of the censorship process
and the contrasting ideas between literal biblical interpretations and contemporary evolutionist
interpretations.

Presenter: John R. Staver, Kansas State University

Will Behavioral Genetics/Sexual Orientation be the Next Target for the Censors of School Science?
As Science learns more of the biological basis of human behavior, science literacy will need to expand to
include the big ideas about how genes contribute to behavior, including our sexual orientation. The same
persons who want to deny the existence of evidence supporting evolution will likely try to suppress
scientific knowledge related to human behavior. This paper focuses on sexual orientation as an important
example of behavioral genetics, related threats of censorship, and how teacher education can guard against
such threats.

Presenter: Ron Good, Louisiana State University

Understanding the Nature of Science: The Potential Contributions to Censorship by Different Views
of Science—Inductionists, Absolutists, Falsificationists, and Relativists

Caution needs to be given that the antiscience attracts are not always from outside the scientific community
and from the “right”. Science teacher educators need to be alert to “this is the truth” dogmatic stance of the
traditionalist absolutist view of science and to dilution of canonical science by the “all opinions are equally
valid” radical stance of the relativist postmodern view of science. Inaccurate views of science are no less
dangerous than book burning, court cases and thought police, and they will put the most vulnerable
teachers at risk. This paper will outline the critical epistemological features of a modemist view of science,
contrast this view to the epistemology of religion and provide insights for science teacher education.

Presenter: Norman G. Lederman, Oregon State University
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Preparing Science Teachers for Antiscience Actions: Avoiding Red Flags, Using Proactive Strategies
and being Prepared

- Science teachers have sound science backgrounds, but they may lack insights into why fundamental
religions are threatened by evolution and the age of the earth. Some science teachers introduce
controversial “red flag” science concepts without fully developing the ideas or without specific need for
doing so. Furthermore, inexperienced science teachers are unaware of the signs of antiscience in their
communities. This paper will outline some essential ideas that can be included in pre-service courses and
professional development activities for secondary science teachers.

Presenter: Lawrence C. Scharmann, Kansas State University

An Elementary Preservice Teacher’s Search for Solutions about the Evolution-Divine Creation
Question: The Story of Tracy

What are the issues, who are the combatants and how do I address the controversy when [ start teaching
elementary science? These were the central questions that guided Tracy’s quest for solutions. Antiscience
controversies are not reserved for the Deep South, the end of the yellow brick road and the USA; the liberal
north and Canada also face these controversies. This paper will report on Tracy’s search for problem
identity, search for solutions and resulting solutions. Her discoveries provide guidelines for ideas and
activities that could be included in pre-service courses and professional development activities for
generalist elementary teachers.

Presenter: Larry D. Yore, University of Victoria

1:00-2:00 p.m. T13 San Felipe

Grant Proposal Writing: New Basics for Graduate Science Education
Join us for a review and discussion of a grant proposal writing curriculum that can vary from a short
introduction (3 hours) to a full course.

Presenters: Diana M. Hunn, University of Dayton: Lloyd Barrow, University of Missouri

Exploring Science Teacher Professionalism; Staridards and Organizations in the Lives of Science
Teachers

Teachers’ professional conduct regarding accurately reflecting the nature and content of science correlates
with their degree of involvement with National Standards, and professional organization membership.
(Weld & McNew, 1999) This study explored those two aspects of teachers’ professional lives through a
national sampling, using qualitative and quantitative techniques.

Presenters: Jeffrey Weld, University of Northern lowa; Jill C. McNew, Oklahoma State University; Ryan
Blake, Oklahoma State University

1:00-2:00 p.m. T14 San Carlos

Equipping Science Teachers with Systematic Tools for Evaluating Instructional Materials: Dynamite
in the Hands of Professionals of Amateurs?

This session describes the application, problems, and outcomes of using Project 2001,s instructional
materials evaluation framework as a tool in three graduate science methods classes.

_ Presenter: Eric J. Pyle, West Virginia University

Exploration of the Assessment Practices of Elementary Teachers Using Science Kits

This study explored the assessment literacy levels of elementary teachers who had various levels of
experience with Science, Technology, and Children kits. Kit users had higher assessment literacy levels in
‘developing assessments appropriate for instruction’ and for ‘recognizing unethical assessment methods’.

Presenter: Michelle Scribner-MacLean, University of Massachusetts - Lowell
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1:00-2:00 p.m. T1.5 San Gabriel

Learning to Look Below the Surface: Employing Videotape Replay to Promote Reflective Practice
This paper describes a videotape replay cycle that we use to assist prospective teachers in framing problems
of practice, and to promote systematic inquiry into their teaching.

Presenters: Lynn A. Bryan and Jeanna Weldon, University of Georgia

STARS: Evaluating the Use of Video Technology for Modeling Science Process Skills
The STARS project developed a series of videotapes featuring elementary students as role models for
inquiry-based science teaching. This session presents an evaluation of the project’s impact.

Presenters: Ken King and Thomas Thompson, Northern Illinois University

1:00-2:00 p.m. T1.6 San Pedro

Assessment and the Development of Learning Communities
This research looks at the development of a learning community over a semester as students use a process
of peer and self-assessment with a goal of continuous improvement.

Presenter: Nancy T. Davis, Florida State University

Preparing Undergraduate Students as Inquiry Teachers in a Science Methods Course
The study examines undergraduate students’ attitudes toward school science and inquiry-based instruction
at the completion of a science methods course.

Presenters: Issaou Gado and Norman Fischer, Kent State University

1:00-2:00 p.m. T1.7 San Diego

Assessment Tools and Their Impact on Student Motivation

This investigation explored the impact of different assessment tools on student achievement and
motivation. The design of diagnostic, formative, and summative assessment instruments appears to
influence student performance and intrinsic motivation.

Presenters: Melissa King, William Van Evera, Celeste Pea and Donna Sterling, George Mason University

Innovative Teaching and Student Course Evaluations: What Happens When Innovation Meets
Evaluation?

This interactive paper discussion will focus on the dilemma of innovative teaching methods and faculty
course evaluations. Three different institutional perspectives will be explored.

Presenters: Starlin D. Weaver, Salisbury State University; Beth Shiner Klein, State University of New York
— Cortland; Juanita Jo Matkins, University of Virginia

1:00-2:00 p.m. T1.8 Capistrano Ballroom

Toward a Personal Philosophy of Science Teaching
Developing a Philosophy of Science Teaching is central in science teacher preparation. Rationale,
strategies, and students’ philosophies will be examined in scholarly perspective.

Presenters: Vincent N. Lunetta and Barbara Crawford, Penn State University
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1:00-2:00 p.m. T19 Laguna Ballroom

Helping Our Pre-service Elementary Students Become Great Teachers
This will be a one-hour interactive working session focused on developing our pedagogical content
knowledge (teaching skills and methods) for elementary science methods classes.

Presenters: Gary Varrella, George Mason University; Caroline Beller, University of Arkansas; Patty
Nason, Stephen F. Austin University; Cathy Yeotis, Wichita State University; Barbara S. Spector,
University of South Florida; Joneen Hueni, Bellville Independent School District

1:00-2:00 p.m. T 1.10 Viejo Ballroom

A Welcome and Orientation for AETS New Members and First Time Conference Attendees
All first time AETS conference attendees and new members are invited to this welcoming orientation
session. Come and learn more about the AETS organization, the annual conference, and meet new
colleagues.

Presenters: J. Randy McGinnis, University of Maryland; Pradeep Maxwell Dass, Appalachian State
University; Penny Gilmer, Florida State University; John Schmukler Temple University, Greg Stefanich,
University of Northern lowa; Judith K. Sweeney, Natural History and Planetarium, Peter Veronesi, SUNY
Brockport
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Thursday Afternoon
Concurrent Sessions
2:20-3:20 p.m.

2:20- 3:20 p.m. T2.1 San Marcos

Site-Based Professional Development: Learning Cycle and Technology Integration
Participants will discuss unique features of successful projects and other key elements for effective
professional development.

Presenters: Brian L. Gerber, Catherine B. Price and Andrew J. Brovey, Valdosta State University

Learning to Teach Science in the High School Context
This demonstration session will present information on how one university science education department is
transforming their secondary program by situating the methods block in a high school setting.

Presenters: Carolyn W. Keys, J. Steve Oliver and Grace Lyon, University of Georgia

2:20-3:20 p.m. T22 San Juan

Preliminary Evaluation of a Professional Development Program for High School Science Teachers
This presentation describes the evaluation of the first component of a three-year teacher development
project emphasizing molecular biology.

Presenters: Eric A. Hagedorn, Dianne Bowcock and Michael Patrick, University of Wisconsin; Tim
Herman, Milwaukee School of Engineering

Professional Development as Inquiry: The Role of Formative Assessment in Professional
Development

Three national professional development efforts engaged in inquiry-based science education reform
describe their teacher-based research on the effect of formative assessment on professional development.

Presenters: Doris Ash, San Francisco Exploratorium; Lin Tucker, Cambridge Public Schools; Karen Levitt,
Duquesne University

2:20-3:20 p.m. T23 San Felipe

The Learning to Teach Science with Technology Project

The Learning to Teach Science with Technology project at Penn State will be described. The project
helped prospective elementary and secondary science teachers learn inquiry science through technology,
increase proficiency in the use of science-specific technology, and then teach technology-enhanced lessons.
Unique and effective project features will be highlighted.

Presenters: Kathleen Sillman, Carla Zembal-Saul, Patricia Friedrichsen, Barbara Crawford, Tom Dana
and Vincent N. Lunetta, Penn State University
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2:20 - 3:20 p.m. T24 San Carlos

A Comparative Analysis of Science Teacher Education in Fifteen Countries
This panel discussion will provide a comparative analysis of issues and perspectives that arise during the
professional development of science teachers in fifteen countries.

Presenters: Pamela Fraser-Abder, New York University; Deborah Tippins, University of Georgia; Sherry
Nichols, East Carolina University; Norman Thomson, University of Georgia; June George, University of
West Indies

2:20 - 3:20 p.m. T25 San Gabriel

Infusing Technology to Enhance Science Lessons: Prospective Teachers as Action Researchers
Learning to Teach for Conceptual Change

Presenter will describe a reflective approach to technology training for preservice teachers who are learning
to teach chemistry, blending elements from collaborative action research and teaching for conceptual
change.

Presenter: Randall Spaid, Florida State University

Promoting Preservice Students’ Understanding of the Nature of Science through Collaborative
Learning

This study investigated the impact of a college chemistry lab course designed to provide pre-service
students with inquiry-based, collaborative learning experiences across two universities, in order to promote
greater understanding of the nature of science.

Presenters: John W. Tillotson and Moses Ochanji, Syracuse University

2:20 - 3:20 p.m. T 2.6 San Pedro

R-Best Rationale: What Do We Know After Four Years?
This paper continues the discussion surrounding the impact of a research-based elementary science
teaching rationale with pre-service teachers and follows with additional data from in-service teachers.

Presenters: Peter Veronesi, SUNY Brockport; Gary Varella, George Mason University

Professional Development for Elementary School Teachers Working With Science Learning
Outcome

This pilot case study examined elementary school teachers’ professional development needs with a teacher
focus group collaboratively planning from a new and different science curriculum.

Presenters: Ken Appleton and Allan Harrison, Central Queensland University

2:20 - 3:20 p.m. - T27 San Diego

When Do Science Teachers Learn to Teach? A Comparison of Children’s and Preservice Teachers’
Science Teaching Illustrations

Science teaching illustrations of elementary and secondary students, compared with those of elementary
pre-service science teachers, present similarly stereotypical science teaching perceptions.

Presenters: Julie Thomas, Texas Tech University; Jon E. Pederson, University of Oklahoma
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Views of Nature of Science Questionnaire (VNOS): Toward Valid and Meaningful Assessment of
Learners’ Conceptions of Nature of Science

This paper presents a new instrument, the VNOS, which in conjunction with interviews, is intended to
provide valid and meaningful assessments of learners’ views of nature of science.

Presenters: Fouad Abd-El-Khalick, University of Illinois at Urbana-Champaign; Norman G. Lederman,
Oregon State University; Randy L. Bell, University of Virginia; Renee Schwartz, Oregon State University

2:20-3:20 p.m. T28 Capistrano Ballroom

Research-Based Framework: Directions for Researchers
Science educators experienced in preparing pre-service students to write and orally defend a research-based
framework for teaching science will propose directions for future research regarding this approach.

Presenters: Michael P. Clough, Joanne K. Olsen and Brian Hand, lowa State University; Paul Numedahl,
Colorado College; John E. Penick North Carolina State University; Craig A. Berg, University of Wisconsin
— Milwaukee

2:20 - 3:20 p.m. T29 Laguna Ballroom

Challenging Our Thinking on the Nature of Reform in Science Teacher Education

This interactive session focuses on how we can “make a difference” in science teacher education
experiences within the context of reform in science education. We will focus on developing a template for
a working agenda and action plan about essential teacher education experiences for pre-service and in-
service science teachers, where we bridge the gap between “academic” and “popular” theorizing.

Presenter: Patricia Simmons, University of Missouri-St. Louis

Evolution from Graduate Student to Professor with Tenure
This session will discuss potential higher education positions and typical responsibilities, including job
interview strategies and professional activities that facilitate achieving tenure.

Presenter: Lloyd H. Barrow, University of Missouri

2:20-3:20 p.m. T 2.10 Viejo Ballroom

AETS: The Who, When, Why, and How

This interactive session will help members of AETS become more familiar with how the organization
operates. Through discussions of the by-laws and standard operating procedures, participants will get a
better understanding of how to become active on committees and on the board.

Presenters: Molly Weinb;zrgh, Georgia State University; Julie Gess-Newsome, Northern Arizona
University; John Staver, Kansas State University

3:20-4:00 p.m. Coffee Break East Galleria
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4:00 - 5:15 p.m. AETS KEYNOTE ADDRESS
Costa Mesa and Santa Ana Ballrooms

INCLUSIVE EDUCATION: THE POSSIBLE FUTURE(S) OF EDUCATION

Keynote Speakers: Dr. Richard Villa, Bayridge Consortium, Inc.
Dr. Jacqueline Thousand, California State University, San Marcos

Dr. Villa and Dr. Thousand have authored numerous books, research articles and book chapters
on practical how-to strategies for meeting the needs of all students in general education; adapting
curriculum, instruction, and assessment; collaborative teaming; co-teaching; and creative
problem-solving. Both have extensive experience working with educational opportunities for
students with various disabilities and/or who are at-risk for school failure. Their keynote will
address characteristics of successful inclusionary schools; implementation of recent legislative
mandates; and implications for science teacher preparation.

5:15-7:15 p.m. Reception and Poster Session East Galleria
T2.11

Academic Controversy as a Science Teaching Strategy
The purpose of this study was to determine the effects of academic controversy as a teaching strategy in
elementary science methods classes.

Presenters: Rebecca M. Monhardt and Leigh C. Monhardt, Utah State University

Factors Influencing the Amount of Science Taught in the Elementary School Curriculum: The
Teachers’ Perspective

This qualitative study seeks to develop a greater understanding of the factors that are shaping the
elementary school curriculum, from the perspective of the teachers.

Presenter: Cassie R. Carter, University of Southern California

What We Know About Students’ Cognitive Conflict in the Science Classroom: A Theoretical Model
of Cognitive Conflict Process

The purpose of this study is to explain cognitive conflicts of students who were confronted with anomalous
situations in learning science. We reviewed a lot of related literature and interviewed four students in a
science class.

Presenters: Gyoungho Lee, Ohio State University; Jaesool Kwon, Korea National University of Education

Touching Viruses Across Space: Nanotechnology Outreach and Science Inquiry

In two pilot programs, students manipulated and touched viruses with new technology through the WWW.
As part of a week long unit, students used a nanoManipulator and Atomic Force Microscope, interviewed
scientists, and examined models of viruses. Students gained an understanding of viral structure and
understanding of scientists and the nature of scientific research.

Presenters: Gail Jones, Richard Superfine and Russell M. Taylor 11, University of North Carolina-Chapel
Hill; Thomas Andre, lowa State University;

Thinking Reflectively Rather than Reflexively: Portfolio Development in Teacher Education
Reflection fostered by portfolio development enhances teacher metacognition, particularly by thinking
about why to use teaching strategies rather than simply knowing how to use them.

Presenter: Christopher Anderson, Ohio State University
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Mini-grant Writing for Middle and High School Science Teachers
Description of a brief assignment in writing short, small, readily fundable grants for science teachers,
together with a writing guide and a list of funders.

Presenter: Dan Maclsaac, Northern Arizona University

Pre-service Science Teachers as Cultural Agents: A Transformative Study
This study attempted to assist secondary science pre-service students in constructing alternatives to
traditional science instruction in order to enhance their effectiveness when working with diverse students.

Presenters: Carolyn A. Butcher and Gilbert Valadez, Radford University

Supporting Teachers in an Integrated Science Curriculum
Voyages Through Time is an integrated science curriculum, based on the theme of evolution. Multiple
teacher supports are being included for implementing the curriculum.

Presenter: Kathleen A. O’Sullivan, San Francisco State University

The Fresno Collaborative for Excellence in the Preparation of Teachers
This session will share the many exciting components of the NSF-funded Collaborative for Excellence in
Teacher Preparation Project based in Fresno, California.

Presenters: David M. Andrews, California State University, Fresno; Jaime Arvizu, Fresno Collaborative for
Excellence in the Preparation of Teachers

S’Cool Students Look To the Skies in a Worldwide Collaborative Effort to Assist NASA’s Ceres
Project .
Students from 37 countries have their eyes focused on the clouds as they monitor weather conditions and
report to NASA. Collected data validates important research.

Presenters: Doug Stoddard and Lin H. Chambers, NASA

Inquiry-Based Research Articles Published by Elementary Students in the | Wonder Journal (1992-
2000)

Analyses of elementary student research articles published in I Wonder: The Journal for Elementary School
Scientists examined students’ research questions and investigative procedures from 1992-2000.

Presenters: Michael E. Beeth, Tracy Huziak and Christopher Anderson, Ohio State University

Educational Ecology: Using the Conceptual Framework of Ecology to Teach Secondary Science
Methods

This paper describes the design and implementation of a course that uses the conceptual framework of
ecology as a model for teaching secondary science methods.

Presenter: Fletcher Brown, University of Montana

Empowering Girls to Achieve in Science 4
We can counteract the trends in declining science achievement for girls in middle school and high school.
Girl Power representative will share how we achieve results.

Presenters: Nancy Stubbs and Caryn Hoffman, Sweetwater Union High School District

The Effect of Teaching Outdoor, Environmental Education on Pre-service Teachers’ Attitudes
Toward Self-Efficiency and Outcome Expectancy

The study examined the effect of training and participation in an outdoor environmental education project
on pre-service teachers’ ability to teach environmental education with positive self-efficacy.

Presenters: Chris Moseley and Kay Reinke, Oklahoma State University

37



Investigating a Professional Development Project for University Scientists: Successes and Struggles
in Implementing Inclusive Instructional Strategies

Using an ethnographic frame, the views and self-reported practices of scientists involved in a professional
development seminar on issues of inclusion were explored.

Presenter: Julie Bianchini, University of California, Santa Barbara

Harmonizing the General Chemistry Laboratory with Lecture at a Large University
Provides an overview of insights learned from Operation CHEM 1251. The project involves restructuring
the first-semester general chemistry program at UNC Charlotte.

Presenters: Warren J. DiBiase, University of North Carolina, Charlotte; Eugene P. Wagner II, University of
Pittsburgh

Action Research Pertaining to Special Education Populations in Science Classrooms

Middle school science lessons were observed for classroom interactions, attitudes and achievement as it
related to the topic of mainstreaming special education students within regular classrooms. Classroom
observations, surveys and achievement scores were compiled on three separate populations of students.

Presenters: Nedra J. Davis, Sulaiman al-Balushi, Robert Masene, Lisa Martin, Mee Kyeong Lee, Chia-Jung
Chung, Heeyoung Cha, Carolyn White and Boyd Harris, University of lowa

Harmonizing the General Chemistry Laboratory with Lecture at a Large University
Presenters: Eugene P. Wagner I, University of Pittsburgh; Warren J. DiBiase, University of North
Carolina

Standards-Based Assessment Practices: Consistencies, Inconsistencies and Implications for Practice
The assessment practices of a high school teacher are examined through the lens of the National Science
Education Standards. Implications for professional development are presented.

Presenter: Edith S. Gummer, Oregon State University

Elementary Prospective Teachers’ Use of an Online Communicative Tool: Implications for the Use of
Technology in Science Teaching Preparation

This study examined the nature of prospective elementary teachers’ electronic discourse as they reflected
on events and their experiences with teaching technology-enriched science lessons.

Presenters: Lucy Avraamidou and Barbara A. Crawford, Penn State University

Investigating Critical Junctures in Project-Based Learning in Science Methods Classes
This study focuses on the scaffolding between instructors and groups of students as they develop science
investigations in project-based university methods classes.

Presenters: Scott Lewis and George E. O'Brien, Florida International University; Charlene M. Czerniak
University of Toledo; Lena Ballone, Bowling Green State University

An Informal Introduction to Strategies for Developing Pre and In-Service Elementary Science
Teachers

Elementary Science Teacher Leadership (ESTL) is a teacher-enhancement project supported by the Exxon-
Mobil Education Foundation. The project is providing pre and in service teacher educators with resources
they can use to enhance the understanding of science and approaches to teaching for their students.

Presenters: Herbert D. Thier and Marlene Thier, Lawrence Hall of Science — University of California,
Berkeley
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Friday Morning

6:30 - 8:00 a.m. Continental Breakfast East Galleria
With AMTE

Concurrent Sessions
8:00 - 9:00 a.m.

8:00 - 9:00 a.m. F1.1 San Marcos

A Council of Beings: Using Focused Free-Writing and Anthropomorphism to Ascertain Worldview
and Science Content Knowledge in Environmental Education

A focused free-writing activity designed to ascertain students’ understanding of their relationship to the
earth from a scientific, natural history, philosophical and affective domain perspective.

Presenter: Margaret B. Bogan, Florida Gulf Coast University

8:00 - 9:00 a.m. F1.2 San Juan

Teacher Designed Tech-Based Science Centers: A Demonstration

This session will demonstrate multi-media,-asynchronous, inquiry-oriented science center activities
developed by K-8 teachers as a strategy to meet state and national science standards. All of the projects
make use of technology typically found in schools.

Presenters: Tony Lorsbach and Jerry Jinks, lllinois State University

Helping Pre-Service Teachers Integrate Technology in the Elementary Classroom
This presentation will focus on an action research program involving science methods classes. Cooperating
teachers, university faculty and pre-service teachers work together to develop technology integration plans.

Presenters: Julia McArthur and Lena Ballone, Bowling Green State University

8:00 - 9:00 a.m. F13 San Felipe

Pre-service Teachers’ Perceptions of Themselves as Researchers
To evaluate a residential science research experience, pre-service teachers were given a pre-post instrument
to measure changes in their view of themselves as science researchers.

Presenters: Debra A. Hemler, West Virginia University; Aimee L Govett, University of Nevada, Las Vegas

Not All “A’s” are Created Equal: An Inquiry Science Endorsement for Pre-service Teachers
The Inquiry Science Endorsement is a collaborative effort designed to establish consistent competencies in
teaching science for new teachers from three universities. Districts use ISE for hiring new teachers.

Presenter: Karen Levitt, Duquesne University

8:00 - 9:00 a.m. F 1.4 San Carlos

Science and Language Links
This action research project studied the reciprocal relationship of science and language literacy
development in the context of inquiry lessons in a fourth grade classroom.

Presenters: Zale Liu and Valarie Akerson, Washington State University
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Learning Science Through Reading: Fifth-grade Students Conceptualization of “Observation.”
This study explores fifth-grade students’ understanding of “observations” via children’s literature texts that
model different degrees of observation and facilitate discourse concerning the nature of observation.

Presenter: Francis S. Broadway, The University of Akron

8:00 - 9:00 a.m. ’ F1.5 San Gabriel

First-Year Science Teachers as Partners: Learning to Teach Together in a Job-Sharing Arrangement
Two fifth-year program pre-service teachers job-shared a middle school science teaching position in lieu of
student teaching. Their first year story teaching as partners will be shared.

Presenters: Charles J. Eick and William E. Baird, Auburn University

Making Co-Teaching Work - a Field Experience in a Science Methods Course: What We Have
Learned During the First Year
An overview of the first year in a science methods course utilizing co-teaching within the field experience.

Presenter: Charles J. Eick, Auburn University

8:00 - 9:00 a.m. F 1.6 San Pedro

From Science Professor to Science Teacher

This session will focus on the professional development activities of a college professor as he learned to
use inquiry and other active learning formats in his college classroom. This professor eventually began to
teach in an 8" grade science classroom using these same teaching techniques.

Presenters: Meta Van Sickle and William Kubinec, College and University of Charleston

Preparing College Science Teachers
This presentation will address science teacher preparation for college-level teaching. An exemplary
program will be described, and problems and perspectives will be discussed.

Presenter: Marvin Druger, Syracuse University

8:00 - 9:00 a.m. F1.7 San Diego

CASIO QV 2800UX Digital Camera

Educators will be fascinated to see what a difference digital camera technology can make in their
classrooms. Digital cameras are one of the single most successful learning technology purchases a school
can make. The CASIO digital camera is a superb learning tool with the ability to view.images instantly on
the LCD screen of the camera, a TV, or a computer. Educators will leave with an understanding of the 21*
century possibilities using one of the best educational technologies.

Presenter: Leilani Morales, CASIO Educational Support Specialist

8:00 - 9:00 a.m. F18 Capistrano Ballroom

Conversation on Science Education by Montessori, Piaget, and Vygotsky
In a conversation format, this panel symposium presentation will address Montessori’s, Piaget’s, and
Vygotsky’s constructivist epistemologies and their implications for science teaching and learning.

Presenters: Gado Issaou, Doris Simonis and Geeta Verma, Kent State University

40



8:00 - 9:00 a.m. F19 Laguna Ballroom

A Quality Alternative Field Experience for Developing Preservice Students’ Teaching Skills
This paper explores a strategy developed to place pre-service students in a more authentic and non-
traditional experience — that of teaching a summer camp for middle school children.

Presenter: Gary F. Varrella, George Mason University

Defining Features of STS: Implementation and Interpretations at Two University Sites

The discussion will focus on the utility of STS as one pivot-point of science methods courses. Experiences
and strategies that support STS-oriented instruction in science methods (or content courses) will be the
focus of this discussion.

Presenters: Gary F. Varella, George Mason University; Rebecca Monhardt and Leigh Monhardt, Utah
State University

8:00 - 9:00 a.m. F1.10 Viejo Ballroom

Does Being Wrong Make Kettlewell Wrong for Science Teaching?
Discrepancies between the “classic” textbook account and what is actually known about the phenomenon
of industrial melanism, augmenting its value for science teaching, will be presented.

Presenter: David W. Rudge, Western Michigan University

Contextualized Nature of Science Instruction: A Success Story

Six teachers in a course emphasizing both decontextualized and contextualized nature of science teaching
strategies were observed throughout the fall 1999 semester. Implementation of the nature of science
exceeded that reported in most prior studies.

Presenters: Joanne K. Olson and Michael P. Clough, lowa State University

Friday Morning
Concurrent Sessions
9:20-10:20 a.m.

9:20-10:20 a.m. F2.1 San Marcos

Deepening Conceptual Understanding in Middle School Life Science: Energy in the Human Body
This interactive session will present a curriculum designed to produce deeper conceptual understanding that
involves development of complex visual models.

Presenters: Mary Anne Rea-Ramirez, Hampshire College; Helen Gibson, Holyoke School District; Maria
C. Nunez, University of Massachusetts
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9:20 - 10:20 a.m. F2.2 San Juan

Learn by Doing: Pre-Service and In-Service Science Teachers Experience New Computer
Technology for Use in Their Science Classrooms

This presentation focuses on the opportunities available in the modern science classroom and the
experiences needed to prepare science teachers for those classrooms. The discussion will include the
computer technology uses learned by pre-service and in-service science teachers.

Presenters: Elaine J. Anderson and Jody Fry, Shippensburg University

9:20- 10:20 a.m. F23 San Felipe

Raytheon Teaching Fellows Program
Description of a corporate-funded program to recruit and mentor science and mathematics teachers.
Presenters will share results from the first year of the program.

Presenters: Catherine G. Yeotis, David R. Alexander, Judith L. Hayes and Mara Alagic, Wichita State
University

Attitudes of Science Teachers and Principals during Implementation of a State Systemic Initiative—
Implications for Science Teacher Education

From 1995 to 1998, data were collected annually from principals and science teachers as part of Ohio’s
SSI. This presentation provides a summary of how principals and science teachers rated and ranked 10
critical issues over the period of the study.

Presenters: William J. Boone, Indiana University; Jane Butler Kahle, Miami University

9:20 - 10:20 a.m. F24 San Carlos

Multi-Institutional Initiative to Improve Undergraduate Science and Mathematics Education

The results of three major conferences on undergraduate science and mathematics education will be
reviewed and compared with an emphasis on the implications for reform for undergraduate curriculum and
instruction.

Presenters: J. Preston Prather, University of Tennessee at Martin; Jack Rhoton, Eastern Tennessee State
University; Khristin Rearden, University of Tennessee ‘

9:20-10:20 a.m. F25 San Gabriel

Building University and School District Partnerships

Find out how your univetsity can participate in a five-year NSF-funded professional development project.
In this session, we will describe an opportunity for developing partnerships between the SCI Center at
BSCS, universities, and school districts. This project includes work with systemic initiatives to support
joint efforts in science reform.

Presenters: Janet Carlson Powell and Jim Short, Biological Sciences Curriculum Study

9:20 - 10:20 a.m. F 2.6 San Pedro

Science Education and Cultural Agency
In this session, the presenters will initiate a discussion on how teachers can impact cultural change through
the examination of cultural patterns in science instruction.

Presenters: Gilbert Valadez and Carolyn A. Butcher, Radford University
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The Role of Science Educators in Helping Prevent Language and Cultural Extinction

This paper presents an overview of Kenyan education since European colonization and independence.
Currently, Kenya’s educational system is being restructured. This session should particularly benefit
conference attendees who are interested in issues surrounding cultural extinction.

Presenter: Norman Thomson, University of Georgia

9:20-10:20 a.m. F2.7 San Diego

NASA Presentation

Educators and administrators for grades 3-8 will receive information about two FREE standards-based,
technology-focused, integrated mathematics, science and technology distance learning programs. The
NASA “WHY?” Files and NASA CONNECT - produced by NASA Langley Research Center’s Office of
Education. Participants will learn how to incorporate technology into their lessons using NASA programs
and NASA research.

Presenters: Thomas Pinelli, NASA Office of Education; Peg Steffen, NASA Headquarters

9:20-10:20 a.m. F2.8 Capistrano Ballroom

Analyses of the First Reader’s Survey of the Electronic Journal of Science Education
Results of the readers’ surveys of the Electronic Journal of Science Education are presented. Technological
expertise, value of publication, and subscription rates are examined.

Presenters: John R. Cannon and David T. Crowther, University of Nevada, Reno

Integrating Technology into Teacher Preparation for K-12 Classrooms

Integrating Technology into Teacher Preparation (ITTP) develops and implements an innovative
environment for interfacing technology with mathematics and science education in teacher education and
K-12 learning.

Presenters: Vickie Harry and Elaine Carbone, Clarion University

9:20-10:20 a.m. . F29 Laguna Ballroom

Technology: Pre-Service Teachers’ Preparation: Oil: Water?
Methods instructors throughout the State of Oregon were surveyed to determine how pre-service teachers
are prepared to use technology in their math and science teaching.

Presenters: Patricia D. Morrell and James Carroll, University of Portland

Every Student with a Laptop: Initial Impacts on Science Teacher Preparation
This session includes a demonstration of classroom uses of technology and a discussion of issues
surrounding an initiative in which all students have laptop computers.

Presenters: Carolyn Dawson and Rita Hrecz, Northern Michigan University

9:20-10:20 a.m. F2.10 Viejo Ballroom

Tearing Up the Book: A Whole Class Reading Strategy for Science and Mathematics Classrooms
Tearing up the book is a reading, listening, speaking activity that stimulates students’ intrinsic
competencies to think and communicate orally. Participants in this session will gain an understanding of
the teacher preparation requirements, and read a book as a group demonstration. A list of potential reading
materials for the high school science and mathematics curriculum will be available.

Presenter: Jan Wilson, Jacksonville State University
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A Study of the Impact of Writing-Intensive Instruction on Students’ Understanding of Mathematics
and Science

Student performance on written assessments will provide indicators of the impact of a writing-intensive
unit in mathematics and science.

Presenters: David K. Pugalee,University of North Carolina-Charlotte

9:20-10:20 a.m. F2.11 Executive Board Room

Using Electronic Classrooms and the World Wide Web to Support Science Teaching and Learning
This interactive panel symposium will highlight the ways in which many instructors are creating on-line
classrooms to support existing coursework. Presenters will model how Nicenet, WebCT, etc. can be used
to support pre-service and in-service teachers.

Presenter: Paul Vellom and Michael Beeth, Ohio State University; Marcia Fetters, University of Toledo

Friday Morning
Concurrent Sessions
10:40-11:40 a.m.

10:40 - 11:40 a.m. F3.1 San Marcos

Designing A Physics Laboratory Course to Meet the Needs of Pre-Service Teachers
Opinions of five students who participated in a pilot, lab-guided development course. Nature of science
and sequence of lab and lecture were important considerations.

Presenter: Constance Haack, University of Kansas

Presentation and Discussion of an Online Distance Education Course on Earth and Environmental
Sciences for Pre-Service and In-Service Teachers

This interactive, demonstration session will address how online, distance education courses proyide fora
variety of educators to enhance their knowledge regarding national science standards and associated reform
efforts currently being undertaken throughout the country. Information rich opportunities for professional
development are made readily accessible to learn and apply science education reform concepts and
standards.

Presenter: Dennis Kubasko, University of North Carolina-Chapel Hill

10:40 - 11:40 a.m. F3.2 San Juan

What Knowledge is of Most Worth for Lateral Entry Secondary Science Teachers?
A committee of university science educators and expert secondary science teachers developed a curriculum
reflecting what knowledge is of most worth for a lateral entry program.

Presenter: William R. Veal, University of North Carolina-Chapel Hill

Barriers and Pathways: An Examination of an Induction Program for Secondary Science Teachers
There is a need for universities and school districts to collaboratively develop support programs for
beginning science teachers. In this presentation we will discuss one such program and the barriers and
pathways we have encountered along the way.

Presenters: Julie A. Lufi, Gill Roehrig and Nancy Patterson, University of Arizona; Teresa Potter, Rio Rico
High School; Barry Roth, Tucson Unified School District
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10:40 - 11:40 a.m. F3.3 San Felipe

Knowing the Scientific Method, Beliefs, and Student Inquiry

Case studies of three middle school teachers implementing inquiry will be presented. These teachers had
contrasting successes, views of science, and pedagogical beliefs. The relation between their classroom
practices and beliefs will be explored.

Presenters: Deborah J. Trumball, Cornell University; Grace Scarano, University of New England

Prospective Science Teachers, Knowledge of Inquiry-Based Instruction in a Secondary Methods
‘Course

This presentation will discuss prospective science teachers’ beliefs and understandings of inquiry-based
instruction, and how this knowledge is used to plan for inquiry-based lessons in methods course-context
and school-context.

Presenters: Chen Tsur and Barbara A. Crawford, Penn State University

10:40 -~ 11:40 a.m. F3.4 San Carlos

Being There and Not Being There: The Experience of Teaching an Elementary Science Education
Course on the Internet

This study explores the experience of teaching an elementary science education course to in-service
teachers pursuing a graduate degree in Mathematics, Science and Technology. What science teacher
educators can learn about teaching and learning from meeting a class of graduate students on the web, and
what students experienced from interacting in this learning environment will be the topics of this
presentation.

Presenter: Janice Koch, Hofstra University

Creating WebQuests in an Elementary Science Methods Course
A web-based instructional strategy was integrated into a science methods course for elementary teachers.
Reported benefits included use of technology and quality instruction.

Presenter: Mark D. Guy, University of North Dakota

10:40 - 11:40 a.m. F3.5 San Gabriel

The Theory and Practice of Science, Technology, Society Orientations
This interactive session focuses on the development of rich/extended units of inquiry, learning
environments supporting the development of complex reasoning and holistic development in adolescence.

Presenters: Chris L. Lawrence, Florida State University; Robert E. Yager, University of lowa; Ann
Guilbert, University of Texas at Tyler; Elizabeth Hancock, Felicia Moore, Scott Sowell, Yalcin Yalaki and
Chad Slaughter, Florida State University

10:40 - 11:40 a.m. F 3.6 San Pedro

Eighth-grade African American Students, Sense-making about Electricity
This study explores the prior knowledge of eighth-grade African American students with respect to
electricity and its implications to conceptual change instruction and multicultural education.

Presenters: Morgan C. Greene and Francis S. Broadway, The University of Akron



African American High School Students as Teacher Educators for Urban Science Teachers
African American high school students took an active role in science curriculum development and the
science methods course in an urban teacher education program.

Presenter: Gale Seiler, University of Pennsylvania

10:40 - 11:40 a.m. F 3.7 San Diego

Inclusive Science Education — Model Lessons
Participants will experience lesson sequences reflecting inclusive practice with suggestions and
modifications for students in twelve disability categories. Research on best practice will be shared.

Presenter: Greg P. Stefanich, University of Northern lowa

Making Science Accessible: Strategies for Modifying Science Activities to Meet the Needs of a
Diverse Student Population

Come and learn how to take favorite science activities and modify them to meet the needs of students with
physical and/or learning disabilities.

Presenters: Marcia K. Fetters, University of Toledo; Dawn Pickard, Oakland University; Eric Pyle, West
Virginia University

10:40 - 11:40 a.m. F3.8 Capistrano Ballroom

Trends in Earth/Space Science Education and Kentucky’s Online Response to Key Issues
This study compares Kentucky’s Earth/space Science education to national trends. Areas of need including
teacher certification deficiencies are identified and an online course initiative is reported.

Presenter: Kathy Cabe Trundle, University of Alabama

Results of an Environmental Education Needs Assessment of K-12 Teachers
This session will focus on the priority environmental education program and training needs of teachers
identified through survey and follow-up focus group interview results.

Presenter: Yvonne Meichtry, Northern Kentucky University

10:40 - 11:40 a.m. F 3.9 Laguna Ballroom

Rationale Papers in Methods Courses
A panel discussion on the use of rationale papers by pre-service teachers will be discussed by faculty who
use them.

Presenters: Robin Lee Harris, Buffalo State College; John E. Penick, North Carolina State University; Ron
Bonnstetter, University of Nebraska; Pradeep M. Dass, Northeastern Illinois University; Sandy Enger,
University of Alabama at Hunstville; John W. Tillotson, Syracuse University; Gary F. Varrella, George
Mason University,; Peter Veronesi, SUNY Brockport; Jeffrey Weld, Oklahoma State University

10:40 - 11:40 a.m. F 3.10 Viejo Ballroom

An Examination of the Relationship among Science Teaching Actions, Beliefs, and the Knowledge of
the Nature of Science

A qualitative study on the relationship between secondary science teachers’ own beliefs and pedagogical
actions with regard to the nature of science.

Presenters: Sajin Chun and J. Steve Oliver, University of Georgia
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Schematic Modeling as an Explanation for the Nature of Science

Learning is a process of modeling and model building. This process can enhance the understanding of pre-
service and practicing teachers of the nature of science and scientific knowledge, and the reasons for
constructivist inquiry.

Presenter: Steven W. Gilbert, Indiana University Southeast

11:45-1:15 p.m. F4.1

AETS Box Lunch and Committee Meetings
* Please pick up your box lunch in East Galleria prior to going to committee meetings.
o Ticket, included in registration packet, is needed in order to pick up your lunch.

Elections Committee San Marcos
Long Range Planning San Marcos
Financial Advisory San Juan
Awards San Juan
Inclusive Science Education San Felipe
Informal Science Education San Carlos
Program San Gabriel
Political Action San Pedro
Liaisons with Professional Organizations San Diego

Regional AETS Units
Membership and Communication
Publications

Capistrano Ballroom
Laguna Ballroom
Viejo Ballroom
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Friday Afternoon
Concurrent Sessions
1:20 - 2:20 p.m.

1:20 - 2:20 p.m. FS.1 San Marcos

Science Cases with Science Concepts on the Visible Horizon
A case study that addresses science concepts and issues will be facilitated. Case study development will be
delineated, and sample case studies will be distributed.

Presenter: Sandra K. Enger, University of Alabama at Huntsville

Language Development and Science Inquiry

This presentation will discuss a model that fosters science learning through a systematic approach to
language development. Students improved their content knowledge along with their ability to answer
questions requiring higher cognitive levels.

Presenters: Penny L. Hammrich and Evelyn R. Klein, Temple University

1:20 - 2:20 p.m. FS5.2 San Juan

Elementary M.A.T. Interns’ Perceptions of Science Teaching
The presenter will share illustrations that elementary education M.A.T. interns drew of science teachers.
The analysis of the drawings was based on the DASTT-C instrument.

Presenter: G. Nathan Carnes, University of South Carolina

Using Classroom Research to Foster Pre-Service Teachers’ Abilities to Critically Analyze Their
Science Teaching

In a fifth year M.A.T. program, classroom research was utilized to cultivate pre-service teachers’ abilities
to analyze their conceptions of effective science teaching and learning.

Presenter: Paul Numedahl, Colorado College

1:20 - 2:20 p.m. F5.3 San Felipe

Four Forgotten Dimensions for Science Methods Courses: Imagination, Visual/Spatial Thinking,
Enthusiasm and a Sense of Mission :

A review of science methods courses found a lack of concerted emphasis on four key dimension of human
potential development. Remedies are recommended.

Presenter: Alan J. McCormack, San Diego State University

An Ecological Model of Science Teacher Preparation
A model of science teacher education is developed using observational and other data. This model reveals
problems of the standard mechanistic approach of college science.

Presenter: Don Duggan-Haas, Kalamazoo College
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1:20 - 2:20 p.m. FS5.4 San Carlos

Examining Discourse in Elementary Science Methods: Differences between Science Content and
Pedagogy

We compare discourse strategies during two foci of instruction, science and pedagogy, in a methods course
and include the instructor’s reflections on classroom discourse.

Presenters: William J. Newman, Jr., Paula D. Hubbard and Sandra K. Abell, Purdue University

Field Experiences that Serve the Elementary Classroom Teacher
Elementary science methods students provide science learning opportunities for local schools extending
field experiences into service learning.

Presenter: Peggy J. Tilgner, Wartburg College

1:20 -2:20 p.m. F5.5 San Gabriel

Science Work Experience Programs for Teachers: Refocusing Professional Development Using a
Qualitative Lens _ *

Interviews and classroom observations document a program participant’s lived experience and the effect of
a Science Work Experience Program for Teachers on the classroom environment.

Presenter: Wendy Frazier, Columbia University

Georgia Teacher Support Specialist in Science: An On-Line Learning Experience
Come hear about the lessons learned from a three-campus collaboration that involved on-line learning
experiences to prepare mentor teachers.

Presenters: Thomas Koballa, Mai Yin Tsoi and Leslie Upson, University of Georgia; Brian Gerber,
Valdosta State University; Susan Gnnaway, North Georgia College & State University; Dava Coleman,
Cedar Shoals High School

1:20 - 2:20 p.m. F5.6 San Pedro

An Extension of Analysis on the Self-Efficacy Beliefs about Equitable Science Teaching

At the AETS 2000 meeting, two members of this research group presented an overview of steps they used
for the development of a new measurement scale, entitled the SEBEST, which measures the self-efficacy
beliefs of prospective elementary teachers toward equitable science teaching. In this presentation, the issues
of scale operation will be presented as well as how this particular instrument, the SEBEST, might best be
used with students.

Presenters: Jennifer Ritter, Millersville University; Peter Rubba, Penn State University; William Boone,
Indiana University

Modifying Scientific Inquiry for Mainstreamed Students
This is the third in a series of projects focusing on strategies to modify science instruction to address the
needs of students with special learning needs.

Presenter: Kevin D. Finson, Western Illinois University
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1:20 - 2:20 p.m. F 5.7 San Diego

Experience Plus Reflection Equals Growth: A Performance Assessment System for Pre-Service
Teachers .
A teacher preparation program structured around a comprehensive performance assessment system is
described. Pre-service teachers build portfolios containing evidence that demonstrates fulfiliment of
Beginning Teachers Standards.

Presenter: Richard H. Audet, Roger William University

Teacher Portfolios: Pathways to Teacher Empowerment »
Teacher portfolios can be used as a professional development tool to show growth and improvement.
Experiences using them in an innovative Master’s program will be shared.

Presenter: Judy Beck, University of Wisconsin — La Crosse

1:20 - 2:20 p.m. F5.8 Capistrano Ballroom

Reforming the Reformers: Conceptual Change of Scientists’ Conceptions of Teaching and Learning
The teaching practices of three science faculty were examined through the lens of conceptual change.
Within this perspective, the impact of using an NSF grant to stimulate reform-based change in thinking and
practice was assessed.

Presenters: Julie Gess-Newsome, Northern Arizona University, Sherry A. Southerland, and Sonia
Woodbury, University of Utah; Adam T. Johnston, Weber State University

Importance of Reflection: Correspondence between Philosophy and Practice
This presentation addresses the under-examined reflection of instructors in higher education. One quest to
reflect upon instructional practice is shared.

Presenter: Eileen Carlton Parson, University of North Carolina-Chapel Hill

1:20 - 2:20 p.m. F5.9 Laguna Ballroom

A Set of Recommended CORE ACTIVITIES for Science Education Doctoral Programs:
Operationalizing the AETS Professional Knowledge Standard for Science Teacher Educators

A 1999 survey of science education doctoral programs demonstrated a lack of correlation of required skills
and knowledge with the AETS professional knowledge standards for science teacher educators. A panel
will propose a set of suggested CORE Activities for all science education doctoral programs. Participants
are encouraged to respond. .

Presenters: Paul Jablon, University of Massachusetts; Robert Yager, University of lowa; Norman
Lederman, University of Oregon; William McComas, University of Southern California

1:20 - 2:20 p.m. F5.10 Viejo Ballroom

Publications Committee Meeting

Julie Luft, Chair, AETS Publication Committee

2:40 - 3:40 p.m. Coffee Break East Galleria
: With AMTE
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Friday Afternoon
Concurrent Sessions
2:40-3:40 p.m.

2:40 - 3:40 p.m. Fe6.1 San Marcos

The Impact of Global School/University Partnerships on Science Teacher Enhancements
Participants will discuss the impact of cross-cultural school/university partnerships to develop web-based
environmental science curricula on teacher enhancement, and some implications for school reform.

Presenters: Julie Weisberg, Agnes Scott College; Jack Hassard, Georgia State University; Andrew
Akakayan, AL Herzen State Pedagogical University; Tom Brown, Kennesaw Mountain High School; Kim
Everert, Ridgeland High School; Marina Goryunova, Experimental High School,; Brian Mumma, Georgia
State University; Wayne Robinson, Walker County Science Center; Vital Sychev, Russian State
Hydrometeorological University

2:40 - 3:40 p.m. Fe6.2 San Juan

The 3 C’s of Inquiry Learning and Teaching: Culture, Context, and Cues
A cross-case analysis study and its emergent recommendations for constructing environments using the
3C’s to mitigate pre-service teacher resistance to inquiry will be presented.

Presenters: Barbara S. Spector and Paschal Strong , University of South Florida

Learning Together: A Collaboration between Researcher and Classroom Teacher using Inquiry-
Based Instruction

The collaboration between a researcher and in-service teacher interested in enhancing their skills using
inquiry-based science and earth science concepts will be presented.

Presenter: James T. McDonald, Purdue University

2:40 - 3:40 p.m. F6.3 San Felipe

Using the Web Based Integrated Science Environment (WISE) in Secondary Science Methods
Courses

The efficacy of an Internet inquiry environment is described through case studies of individuals who
interacted with the WISE environment in secondary science methods courses.

Presenter: James M. Monaghan, California State University, San Bernardino

Reactions to Constructivist Web-Based Learning of STS
Students’ experiences with an interactive model for distance leaming of STS consistent with reform goals
and lessons learned to mitigate their anxieties will be presented.

Presenters: Cherry O. Steffen, Barbara Spector, Ruth Burkett and Nina deVerteuil; University of South
Florida
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2:40 - 3:40 p.m. F 6.4 San Carlos

Students’ Descriptions of Future Science Classroom Interactions and Environments

Elementary and secondary methods students’ pre and post perceptions of themselves as science teachers are
compared using a classroom description’instrument. Students attend two different schools. This
presentation will present information learned from students’ classroom descriptions about the role of the
teacher, the role of the student and the environment in which it takes place.

Presenters: Robin Lee Harris, Buftalo State College; Patricia Gathman Nason, Steven F. Austin State
University

Explicit and Tacit Conceptions of Teaching and Learning Expressed by Students Experiencing a
Second and Third Science Methods Course: Implications for the Structure of Pre-Service Science
Teacher Education Programs

Students’ semester ending research-based framework papers and oral defenses were analyzed to determine
their conceptions of learning and teaching after their second and third semester of science methods.

Presenters: Michael P. Clough, lowa State University; Paul Numedahl, Colorado College

2:40 - 3:40 p.m. F 6.5 San Gabriel

Learning to Teach Science in Urban Schools

In this presentation, co-teaching is proposed as a viable model for teacher preparation and professional
development of urban science teachers. An ethnography in which a new teacher assigned for a field
experience in an urban high school enacted a curriculum that was culturally relevant for her African
American students will be shared.

Presenters: Kenneth Tobin, University of Pennsylvania; Wolff-Michael Roth, University of Victoria; Andrea
Zimmerman, University of Pennsylvania

Science Teacher Education as a Transformative Activity

In this paper, we describe an approach to science teacher education that is intended to be socially
transformative to the contexts in which it occurs. We will describe an ongoing program of research in
urban high schools in which we regard co-teaching as praxis that leads to a way of knowing about teaching
and leamning.

Presenters: Gale Seiler and Kenneth Tobin, University of Pennsylvania

2:40 - 3:40 p.m. F 6.6 San Pedro

An Innovative Model for Developing Lateral Entry Secondary Science Teachers
NCTeach is a novel lateral entry approach to recruit qualified science professionals into the field of
education.

Presenters: William R. Veal and Dennis Kubasko, University of North Carolina-Chapel Hill; Warren
DiBiase, University of North Carolina-Charlotte; David Boger, North Carolina A&T State University;
Mark Latz, University of North Carolina-Ashville; Denise Gaskins, Winston-Salem Forsyth County
Schools; Patricia LeGrand, Gilford County Schools
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2:40 - 3:40 p.m. F 6.7 San Diego

What is Necessary to Include in a Science Methods Course for Teachers on Emergency Permits? The
Role of the Feedback Portfolio

Using a feedback portfolio as the main data source, this study explores experiences found to be essential by
secondary science teachers working on emergency permits.

Presenter: Hedy Moscovici, California State University, Dominguez Hills

Jumping onto the Portfolio Bandwagon: What Teachers Say About the Process
Analysis of goal documentation within graduate students’ portfolios and their responses to an open-ended
questionnaire provided insights into the value of the portfolio process.

Presenter: Mary Stein, Oakland University

3:45-5:00 p.m. AETS KEYNOTE ADDRESS
Costa Mesa and Balboa Ballroom

Using Technology from the Entertainment Industry to Facilitate Teaching

Keynote Speakers: Dr. Stuart Sumida, California State University, San Bernardino
Dr. Elizabeth Rega, Claremont Colleges

Dr. Sumida and Dr. Rega will discuss the use of media to illustrate science content in teacher
education settings. Dr. Stuart Sumida is a specialist on the evolution of back-boned animals, and
is consultant on various Disney films including Beauty and the Beast, Lion King, Pocahontas,
Hercules, Mulan, Tarzan, and the upcoming Dinosaur and Fantasia 2000. Dr. Sumida’s work in
vertebrate paleontology has been featured in National Geographic. Dr. Elizabeth Rega has
become the world’s first choice for translating elements of human and primate anatomy to artists.
She has worked on Pocahontas, Tarzan, Mulan Prince of Egypt, and Dinosaur.

5:00 p.m. Ballroom Entrance

J. Paul Getty Museum
Pre-purchased ticket required. Board bus by Ballroom entrance. Bus leaves at 5:10 p.m.

Enjoy a night at the famous J.P. Getty Museum in Los Angeles. Highlights include Van Gough’s
Irises, and Monteil’s Wheatstacks, housed in the architectural wonder designed by Richard Meier.
Board bus by Ballroom entrance at 5:00 p.m., visit the Getty from 6:30 — 9:00, eating dinner at
the museum’s cafeteria. Fee of $15 includes transportation and entrance, but not dinner.
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Saturday Morning

6:30 — 8:00 a.m. Continental Breakfast East Galleria
With AMTE

Concurrent Sessions
8:00-9:00 a.m.

8:00 - 9:00 a.m. S11 San Marcos

Teaching Science and Telling Stories, Becoming an Elementary Teacher of Science
This symposium introduces Narrative Storytelling as a useful process for linking science learning
experiences and developing understanding of one’s “personalized nature of science.

Presenters: Jo Anne Ollerenshaw, University of Nebraska; Julie A. Thomas, Texas Tech University;
Juanita Jo Matkins, University of Virginia

8:00 - 9:00 a.m. S1.2 San Juan

Nurturing Confidence in Preservice Elementary Science Teachers
Increase in pre-service elementary teacher confidence is correlated to development of knowledge in
conceptual understanding, scientific habits of mind, and reflective practice.

Presenters: Robert Bleicher and Nancy Romance, Florida Atlantic University

Reflective Journal Writing paired with Inquiry-Based Science Instruction: Effects on Elementary
Preservice Teachers’ Science and Science Teaching Beliefs

Reflective journal writing influenced changed beliefs, toward science and science teachmg, of elementary
pre-service teachers enrolled in an Integrated Science course.

Presenters: Glenda Love Bell, Texas A & M University — Commerce

8:00 - 9:00 a.m. S13 San Felipe

Where are the Opportunities for Student Inquiry in High School Biology Textbooks? A
Comparative Study

This content analysis of representative traditional versus standards-based high school biclogy textbooks
found significant differences in opportunities for student inquiry.

Presenters: Patricia Chandler, The Citadel; William H. Leonard, Clemson University

Exploring Chemistry Teachers’ Pedagogical Content Knowledge Regarding Moles
Focusing on mole concept an proportional reasoning, this study applied a “lesson plan” protocol to a group
of teachers to examine pedagogical content knowledge.

Presenter: Karen R. Dawkins, University of North Carolina
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8:00 - 9:00 a.m. S14 San Carlos

The Sisters in Science Program: A Three Year Analysis
Results of the last three years of Sisters in Science and next step recommendations on confronting equity in
the science and mathematics classrooms will be presented.

Presenter(s): Penny L. Hammrich and Beverly Livingston, Temple University; Greer Richardson, LaSalle
University

The Sisters in Science Program: Teachers’ Reflections
Results over the last three years of teachers’ reflections and dialogue toward teaching science and
mathematics as they confront the issue of equitable practice.

Presenters: Penny L. Hammrich and Beverly Livingston, Temple University; Greer Richardson, LaSalle
University

8:00 - 9:00 a.m. S15 ' San Gabriel

Creating a Common Vision for Reformed Teacher Education Program: Issues and Insights for
Stakeholder Groups. :

Factors influencing dynamics of interactions among varied stakeholders creating a common vision,
illustrated by students in a doctoral class, will be presented.

Presenters: Teresa Greely, Barbara S. Spector, Nina deVerteuil and Cherry Steffen; University of South
Florida

“Guess Who’s Coming to Dinner” — An Education Reformer Confronts the Culture of Higher
Education

The vision of reformed science education and teacher preparation at the University of Kansas and conflicts
between the vision and the University culture.

Presenter: James D. Ellis, University of Kansas

8:00 - 9:00 a.m. S1.6 San Pedro

Teacher Learning and the Evolution of Science 690, a Distance Learning Course
The presentation of a case study of a graduate level, distance learning course followed by an interactive
discussion of issues related to teaching remote students via technology.

Presenter: Joan M. Whitworth, Morehead State University

8:00 - 9:00 a.m. S1.7 San Diego

A New Song, A New Dance for Science Teaching and Learning: Making Sense of “Community”
Through Narrative Forms of Inquiry

Narrative inquiry, as a way of understanding experience, allows science education researchers to live, tell,
relive and retell stories as a means for exploring the evolution of science teaching and learning
communities, in diverse settings. In this interactive workshop we will illustrate various forms of narrative
inquiry including song, photoessay, poetry, murals and cases that have provided unique insights into
“community” as a metaphor for science education reform.

Presenters: Deborah Tippins, University of Georgia; Sharon E. Nicols East Carolina University; Purita P.
Bilbao, Elvira L. Arellano, Tessie L. Barcenal, Merilin A. Castellano and Lourdes Morano, West Visayas
State University



8:00 - 9:00 a.m. S18 Capistrano Ballroom

Research Scientists and Teachers Collaborate to Bring Inquiry into the Classroom
First Step is an NSF funded program that has a teacher researching alongside a USDA/ARS scientist. Then
they introduce inquiry activities into the teacher’s classroom.

Presenters: H. Craig Wilson and R K. James, Texas A & M University

8:00-9:00 a.m. S1.9 Laguna Ballroom

POSTER PRESENTATIONS URBAN SCHOOLS

Learning to Teach Science across Cultural Boundaries
An investigation reporting upon efforts to bring issues of multicultural education and ethnic identity into
the realm of graduate and undergraduate science methods courses.

Presenter: John Settlage, Cleveland State University

Science Teaching in Urban Schools
This exploration of science teaching in three urban schools show different interpretation of inquiry-based
teaching and irrelevance of curricula for many students.

Presenter: Anita Roychoudhury, Miami University

Preparing Science Teachers for Urban Schools: Readings and Assignments
Reading and assignment for prospective urban secondary teachers in preliminary field-based course are
shared. Rationale for assignments as well as student reactions are included.

Presenter: Laura Henriques, California State University, Long Beach

Challenges and Triumphs: Assessment of Urban Elementary Students Understanding of Science
Students in urban elementary settings often perform poorly on standardized tests and written exams.
Drawings, concept maps, and multimedia products offer non-traditional assessment measures to determine
conceptual understanding.

Presenters: Amy Cox-Peterson, California State University, Fullerton; Joanne K. Olson, lowa State
University

TEAM: Staff Development and Mentoring for Urban Elementary Teachers, Preservice Teachers,
and Students

Project TEAM developed a partnership connecting urban elementary teachers with preservice teachers for
the purpose of improving the quality of science instruction.

Presenters: Ken King and Thomas Thompson, Northern Illinois University

Readings for the Urban Science Educator
Readings addressing the strengths and challenges of teaching science in urban settings will be presented
and their use will be discussed.

Presenters: Sherry Southerland and Mary Burbank, University of Utah

Motivating High School Students: A Complex Answer to a Simple Question
Teachers are often stymied when students ask, “Why do we need this stuff” We found an answer in
combination of 4MAT, science literacy, and inquiry.

Presenter: Lee Meadows, University of Alabama at Birmingham



8:00 - 9:00 a.m. S1.10 Viejo Ballroom

Science as a Way of Knowing: Using Reader Response to Construct A Personal Understanding of
Science Literature

We will present and model interactively, a literary technique called reader response, as a means of
engaging students in the understanding and the creation of personal meaning of science literature.

Presenters: Robert W. Blake Jr. Towson University; Robert W. Blake, State University of New York

Saturday Morning

Concurrent Sessions Math/Science Strand

9:20-10:20 a.m.

9:20 - 10:20 a.m. S21 Lido Room

AETS/AMTE JOINT SESSION

NSF Initiatives in Mathematics and Science Teacher Enhancement and Instructional Materials
Development

This session will describe current funding initiatives in NSF’s Division of Elementary, Secondary and
Informal Education. Program officers from the National Science Foundation will present an overview of
current programs that have implications for teacher preparation in mathematics and science.

Presenters: Kate Scantlebury, Jane Butler Kahle, John (Spud) Bradley and Anna Suarez, National Science
Foundation.

9:20 - 10:20 a.m. S2.2 San Marcos

Using a Project-Based Science (PBS) Approach with Education Students in the University
Classroom: Early Reports of Successes, Challenges, and Opportunities for Research

Leaders in the area of project-based science will address a variety of issues of implementing such an
approach in the university classroom with pre-service teachers.

Presenters: Scott Lewis, Florida International University; Charlene Czerniak, University of Toledo; Jodi
Haney, Bowling Green State University; Joseph Krajcik, University of Michigan; Andrew Lumpe, Southern
Illinois University; George O ’Brien, Florida International University

9:20 - 10:20 a.m. ' S$23 San Juan

Getting to the Fourth Year: A Study of the Practice of Beginning K-12 Science Teachers
Four presentations describing the instruments used and results obtained from the qualitative/quantitative
study of over 90 beginning K-12 science teacher from across Minnesota.

Presenters: George Davis, David Cline and Teresa Shume, Minnesota State University Moorhead; Patricia
Simpson, St Cloud State University

9:20 - 10:20 a.m. S24 San Felipe

The Use of Multiple Forms of Practitioner-Research in a Large-Scale Teacher Enhancement Project
(Maryland Collaborative for Teacher Preparation)

Multiple forms of practitioner-research (college instructor case studies, teaching case studies, and mentor
case studies) used in NSF-funded teacher enhancement program (CETP) are exhibited and discussed.

Presenter: J. Randy McGinnis, University of Maryland
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Development of Constructivist Views of Teaching and Learning by M. Ed. Students in a
Mathematics, Science & Technology Education Preservice Teacher Education Program

This research focused on the development of constructivist views of teaching and learning by M. Ed.
Students in the MSAT (Mathematics, Science and Technology Education) teacher education program.
Notions of learning identified as constructivist permeate all aspects of the MSAT M. Ed. Program (and the
College of Education). Findings from this research will contribute significant findings relative to the
impacts of the MSAT M. Ed. curriculum and, more generally, to the field of teacher education in terms of
the relevance this research should have on (re)design of teacher education programs that assume
contructivism as the basis for contemporary views of learning.

Presenters: Youngsun Kwak and Michael Beeth, The Ohio State University

9:20-10:20 a.m. S25 San Carlos

New Horizons for Science Teacher Professional Development: Model-based Reasoning Using
Information

This session provides examples and justification for model-based reasoning activities for science teachers
using information technology via dynamic scientific computer models of phenomena. Both science and
math activities will be included.

Presenters: Cathleen C. Loving and Jane F. Schielack, Texas A & M University

9:20-10:20 a.m. S2.6 San Gabriel

AETS/AMTE JOINT SESSION

The CSMTP Report

In 1997, the National Research Council appointed a study committee to examine research on, and
recommendations form national groups for the preparation of this country’s science and mathematics
teachers. The committee’s co-chair and several of its members will share key findings and
recommendations from the committee’s recently released report, Educating Teachers of Science,
Mathematics and Technology: New Practices for the New Millenium.

Presenters: Herbert Brunkhorst, California State University, San Bernardino; Paul Kuerbis, Colorado
College; Penny V. Gilmer, Florida State University; M. Gail Shroyer, Kansas State University; Larry
Sowder, San Diego State University

9:20 - 10:20 a.m. S2.7 San Pedro

Sharing our Strategies: A New Role for Science Teachers
This paper describes the formulation, implementation, and evaluation of a new role for science teachers as
conference presenters.

Presenters: Pamela Fraser-Abder, New York University; Nina Leonhardt, Suffolk County Community
College :

Sport Science: Using Sports as a Vehicle for Science Learning
The sport science program was conceived to increase the interest and literacy of middle school girls in
science and mathematics through the vehicle of sports.

Presenters: Penny L. Hdmmrich, Beverly Livingston and Tina Sloan Green, Temple University; Greer
Richardson, LaSalle University



9:20-10:20 a.m. S2.8 San Diego

Strategies Enabling Collaborative Teacher Teams to Develop and Implement Assessment of Student
Understanding of Science

This three-year study identifies conceptual obstacles and enabling strategies for teams of teachers in grades
4-12 to develop and implement standards-based science and mathematics assessment.

Presenter: Donna R. Sterling, George Mason University

Using the Reform Teacher Observation Protocol (RTOP) Instrument as A Catalyst for Self-
Reflective Change in Secondary Science Teaching

RTOP operationalizes an inquiry-oriented instructional enviornment. Twenty-eight secondary math and
science teachers used it to assess their own and one another’s teaching beliefs and practices.

Presenters: Dan Maclsaac and Kathleen Falconer, Northern Arizona University

9:20 - 10:20 a.m. S2.9 Capistrano Ballroom

Intelligent Television: The Annenberg/CPB Channel

Find out about THE ANNENBERG/CPB CHANNEL, carrying professional development programs and
workshops for K-12 educators with an emphasis on math and science, and a variety of programs from
popular PBS series. This free, satellite/Web service for schools, colleges, and communities broadcasts
award winning, educational television 24 hours a day, 7 days a week.

Presenters: Nancy Finkelstein Harvard-Smithsonian Center for Astrophysics; Gordon Lewis,
Annenberg/CPB Project

9:20 - 10:20 a.m. S2.10 Laguna Ballroom

Multiple Representations: Preparing Prospective Elementary Teachers to Teach Mathematics and
Science from a Systems Approach

Presents an instructional model with classroom applications that reflect an integrated systems approach to
mathematics and science lesson design through the use of multiple representations. This session is
designed to incorporate interactive features of the model.

Presenters: Carol L. Stuessy and Jennifer Pdrrott, Texas A & M University

9:20 - 10:20 a.m. S2.11 Viejo Ballroom

Integrating Science and Mathematics: A Natural Connection or Strange Bedfellows?
Nature of science and nature of mathematics are compared and contrasted Implications for the integration
of science and mathematics are discussed.

Presenters: Renee S. Schwartz, Oregon State University; Mary K. Gfeller, Canton College; Norman G.
Lederman, Oregon State University

The Bridges Project: Pairing Preservice and In-service Teachers for Professional Development in
Science, Math, and Literacy Using Performance Assessment Tasks’ Contexts

The implementation and results of the first year of a professional development project pairing preservice
and in-service teachers in designing performance assessments in science and math.

Presenters: Valarie L. Akerson and Amy McDuffie, Washington State University
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Saturday Morning
Concurrent Sessions
10:40-11:40 a.m.

10:40 - 11:40 a.m. S3.1 San Marcos

Strategies for Developing Pre and In-Service Elementary Science Teachers )
Elementary Science Teacher Leadership (ESTL) is a teacher-enhancement project supported by the Exxon-
Mobil Education Foundation. The project is providing pre and in service teacher educators with resources
they can use to enhance the understanding of science and approaches to teaching for their students. Project
experiences will be provided and attendees will receive an ESTL guide of their choice.

Presenters: Herbert D. Thier and Marlene Thier, Lawrence Hall of Science — University of California,
Berkeley

Redesigning an Urban Science Methods Course
A secondary science methods course for urban teachers was redesigned to attempt to ameliorate the theory-
practice gap. The program is described and its implications explored.

Presenters: Gale Seiler and Kenneth Tobin, University of Pennsylvania

10:40 - 11:40 a.m. S32 San Juan

The Learning Environments of Qur Graduates’ Classrooms: Perceptions of Teachers and Their
Students

Comparisons of teacher and student perceptions of classroom learning environments are made with results
from a study of recent graduates of Minnesota teacher education institutions.

Presenters: Bruce Johnson, University of Arizona; Jean Hoff, St. Cloud State University

Secondary Science Teacher Candidates’ Beliefs and Practices

The beliefs regarding science teaching and learning of twenty-seven preservice teachers were examined via
a survey and an open-ended questionnaire. These results were quantitatively compared to their classroom
practices.

Presenter: Deborah Waggett, Castleton State College

10:40 - 11:40 a.m. ' S33 San Felipe

Using the Situated Laboratory Activity Instrument (SLAI) to Define Inquiry
This workshop will describe a small pilot study to assess the utility of using the Situated Laboratory
Activity Instrument (SLAI) to define inquiry.

Presenters: Lisa Dana and Paul Jablon, University of Massachusetts - Lowell



10:40 - 11:40 a.m. S34 San Carlos

Teachers as Summer Scientific Researchers
This presentation describes an analysis of a summer program that partners secondary school science
teachers with university research scientists. Factors for successful experiences are described.

Presenters: Julie F. Westerlund, Dana M. Garcia and Joe R. Koke, Southwest Texas State University;
Teresa A. Taylor, Smithson Valley High School; Diana Mason, University of Texas at San Antonio

Science Internships: Do All the Pieces Fit? Part One... Student Views
A survey to assess students’ conception of the research process and their views of the internship experience
was completed during a 20 week internship program at Lawrence Livermore National Laboratory.

Presenter: Phillip D. Wade, Western Oregon University

10:40 - 11:40 a.m. S35 San Gabriel

Using Action Based Research Teams to Reform the College Science Curriculum for Teacher
Preparation

Join us for a hands-on activity involving the development of action based research teams to impact the
preparation of preservice teachers in science.

Presenters: Gerald H. Krockover and Daniel P. Shepardson, Purdue University

10:40 - 11:40 a.m. S3.6 San Pedro

Teaching Science in Urban Settings: An Interactive Symposium
This interactive panel will seek audience participation to discuss the challenges and successes of teaching
science in urban settings.

Presenters: Amy Cox-Peterson, Barbara Gonzalez and Nancy Pelaez, California State University,
Fullerton; Laura Henriques, California State University, Long Beach; Diana Takenaga-Taga, Silvia
Carranza, Amy Nigro and Rosa Nagaishi, Los Angeles Unified Schools; Ron Rita, Long Beach Unified
Schools

10:40 - 11:40 a.m. S3.7 San Diego

Teaching the Nature of Science Using Examples from Dinosaur Discovery and Interpretation
Examples from scientific investigations of dinosaurs provide teacher educators with a means to show how
scientists’ views change as new evidence surfaces.

Presenter: Richard J. Batt, Buffalo State College

Global Climate Change and the Nature of Science in an Elementary Science Methods Course
Explicit nature of science instruction and instruction in a controversial science topic led to gains in pre-
service teachers’ understandings of the nature of science.

Presenters: Randy L. Bell and Juanita Jo Matkins, University of Virginia




12:00 - 2:00 p.m. AETS AWARDS LUNCHEON
AND BUSINESS MEETING

Capistrano, Laguna, Viejo Ballrooms

AETS Award Winners will be announced and the President will give the annual AETS
President’s Address. Ticket (included in registration packet) is required for lunch.

Saturday Afternoon
Concurrent Sessions
2:15-3:15 p.m.

2:15-3:15 p.m. S4.1 San Juan

AETS 2001 Award Winning Paper Presentations

Deborah J. Tippins, Chair, AETS Awards Committee

2:15- 3:15 p.m. S4.2 San Marcos

Look Who's Talking About Professional Development for Science Teachers? Center for
Craniofacial Molecular Biology at the University of Southern California

This symposium discusses issues involved in a science teacher’s professional development. Presenters are
the lead teachers and administrators of a local school district, scientist and project director for a science
research laboratory, and science educational researchers.

Presenters: HsingChi A. Wang, Charles F. Shuler and Patricia Thompson, CCMB University of Southern
California; Christopher Mihm and Carol Takemoto, Los Angeles Unified School District; Holly Henebry,
Cecilia Fung and ChengChi Chang, University of Southern California

2:15- 3:15 p.m. S 4.3 A San Felipe

Constructivist Staff Development: Implications for Science Teacher Educators
This presented paper will focus on two different in-service programs that used a set of ten descriptors to
determine the level of constructivist staff development implemented by the leaders.

Presenters: Caroline Beller, University of Arkansas, Robert K. James, Texas A & M University

Scientist-Teacher Partnerships: Epistemological Change Agents and Catalysts for Developing
Transformational Classrooms

This grounded theory study investigated the interactions among a research scientist, a science teacher
educator, and four high school science teachers in a field setting.

Presenter: Robbie V. McCarty, University of Oklahoma
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2:15-3:15 p.m. S44 San Carlos

From Practice to Theory — Narrowing the Gap: First Year Science Teachers emerging from a
Constructivist Science Education Program

This study explores the teaching practices of four first year science teachers, all graduating from an
alternative pre-service program founded on constructivist principles. Through an interpretive design, the
pedagogical perspectives and implicit theories of teaching were investigated in relation to the pre-service
and first year teaching context.

Presenters: Michael Dias and Jack Hassard, Georgia State University

Changes of Teaching Philosophies of Four Science Teaching Interns during a Year - Long Internship
Science interns’ teaching philosophies were recorded and analyzed three times during a year-long teaching
internship. Changes in interns’ teaching philosophies were noted.

Presenter: Michael Wavering, University of Arkansas

2:15-3:15 p.m. S45 San Gabriel

Integrating Technology Learning and Teaching Applications within an Elementary Science Methods
Course :

This symposium will present evidence that pre-service teachers are influenced to teach science with
technology when effective teaching models are integrated in the science methods course.

Presenter: Julie A. Thomas, Texas Tech University

The Integration of Technology into Science Instruction

This methodological framework is centralized in five areas; planning, research, development, refinement,
and implementation. These domains work as organizational frameworks for instruction, curriculum
development, and implementation.

Presenter: William H. Robertson, Los Alamos National Laboratory

2:15-3:15 p.m. S4.6 San Pedro

Preparing Science Educators to Teach Students with Special Needs in Inclusive Settings

Project Inclusion provided financial support to general science educators by offering special education
courses to include curricular modifications, discipline and collaboration strategies to facilitate the inclusion
process.

Presenter: Rita Combs-Richardson, Southeastern Louisiana University

Dynamic Science Assessments
Capitalizing on the power of multiple intelligences, experience a wide variety of ways that students may
demonstrate their knowledge of science.

Presenter: Lisa M. Nyberg, California State University, Fresno



2:15-3:15 p.m. S4.7 San Diego

Getting to Know AETS
This session will help all members (new and established) understand how AETS works and how
individuals can become more involved. It will build on and support the Town Meetings.

Presenters: Molly Weinburgh, Georgia State University; Julie Gess-Newsome, Northern Arizona University

2:15- 3:15 p.m. S48 Capistrano Ballroom

Prospective Biology Teachers’ Understanding of Genetics Concepts
This study addressed the issue of whether prospective biology teachers possess an adequate understanding
of some key concepts in genetics. Their understanding was explored by concept mapping activities.

Presenters: Mustafa Cakir and Barbara Crawford, Pennsylvania State University

Reconceptualizing a General Chemistry Curriculum

This session will provide an overview of Operation CHEM 1251. The project involves making major
revisions to the general chemistry program at UNC Charlotte by developing and implementing a standards-
based approach to instruction.

Presenters: Warren J. DiBiase, University of North Carolina; Eugene P. Wagner 11, University of
Pittsburgh

2:15-3:15 p.m. S4.9 Laguna Ballroom

Documenting, Interpreting and Evaluating Local Systemic Change: Core Requirements and Site-
Specific Research Issues

This panel symposium will compare and contrast three projects and the difficulties and successes of their
core evaluations. It will provide an opportunity to share research concerns, instruments, qualitative
approaches and other strategies related to collecting valid and reliable data in a complex system of school
districts, schools, classrooms and learning environments designed to promote specific types of
inquiry—oriented science teaching and science literacy using NSF-funded science programs.

Presenters: James A. Shymansky, University of Missouri, St. Louis; Charlene Czerniak, University of
Toledo,; Brian Hand, lowa State University; Andrew Lumpe, University of Southern lllinois; Joanne K.
Olson, lowa State University; Larry Yore, University of Victoria

2:15- 3:15 p.m. $4.10 Viejo Ballroom

Problem Centered Teaching and Learning: A Physical Science Content Course for Teachers

This session describes a physical science course for teachers combining content with a problem-solving
approach. Local situations are used to help future teachers prepare for anchored instruction that integrates
math and science.

Presenters: Bill Baird and Ralph Zee, Auburn University

Constructing Investigations
Professionals in construction engineering, the building trades, and science education collaborated in a
program that introduced construction problems as tools for learning science.

Presenters: Lawrence B. Flick, Oregon State University; Walter Gamble, Oregon Association of General
Contractors
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Saturday Afternoon
Concurrent Sessions
3:35-4:35 p.m.

3:35-4:35 p.m. S51 San Marcos

Preparing College Science Teachers for the Realities of Twenty-first Century Students and Colleges
Science doctoral students should be prepared to be college teachers. Heresy or reality? Four approaches to
producing collegiate teachers (and researchers) will be discussed during this panel symposium.

Presenter(s): Walter S. Smith, Ball State University; Norman G. Lederman, Oregon State University;
Kathleen O’Sullivan, San Francisco State University,; Arlene A. Russell, University of California at Los
Angeles.

3:35-4:35 p.m. $5.2 San Juan

GLOBE as a Vehicle for Professional Development
GLOBE puts into practice authentic learning, student-scientist partnerships, and inquiry-based pedagogy.
How are science teacher education programs incorporating GLOBE certification into their curricula?

Presenter: Ruth Bombaugh, Cleveland State University

An Evaluation of the Critical Thinking Curriculum Model (CTCM)
An evaluation of student attitudes towards science and technology and their learning of science content and
problem solving skills in using the Critical Thinking Curriculum Model.

Presenter: William Robertson, Los Alamos National Laboratory

3:35-4:35 p.m. S$5.3 San Felipe

Evaluating the Arizona Collaborative for Excellence in the Preparation of Teachers (ACEPT)
Program

The ACEPT program has been effective in helping faculty develop reformed teaching methods, which lead
to improved achievement and improved teaching performance among ACEPT graduates.

Presenters: Anton E. Lawson and Michael D. Piburn, Arizona State University

NSF Systemic Change Initiative Grant

A large NSF grant with mathematics, science and technology for K-5 schools in the Clark County School
District in Las Vegas will be highlighted. Presenters will discuss the parameters of a standards-based,
inquiry-oriented Mathematics and Science Enhancement Grant and the participation of the teachers and
administrators in the eight collaborative learning center schools that are taking part.

Presenters: William R. Speer, University of Nevada — Las Vegas; Christy Falba, Clark County School
District, Nevada
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3:35-4:35 p.m. S54 San Carlos

Block Scheduling Science: Does It Help or Hinder?

This presentation covers the advantages and disadvantages of block scheduling in science teaching from a
National Science Education Standards perspective. Achievement differences and teacher attitudes are
included.

Presenters: Donna L. Ross, San Diego State University, Julie F. Westerlund, Southwest Texas State
University

Attitude of Rural High School Students toward Science on the Block Schedule
This study found no change in high school students’ attitudes toward science, contrary to previous findings
of significant declines in traditional settings.

Presenters: James Spellman and J. Steve Oliver, University of Georgia

3:35-4:35 p.m. S5.5 San Gabriel

Developing Central Program Goals and Themes to Facilitate Effective Science Teacher Education
This interactive session will explore, discuss, and expand central goals for student learning that should
underlie and guide the development and implementation of secondary science teacher education courses
and programs. Teacher education strategies and organizing themes that can facilitate attainment of these
goals will also be discussed.

Presenters: Vincent N. Lunetta, Pennsylvania State University, Jeffrey W. Bloom, Northern Arizona
University

3:35-4:35 p.m. S5.6 San Pedro

Inclusive Pedagogy: Inviting All to Science Learning and Teaching
The presenters will critically examine the pedagogical approaches of science and science teacher education
settings and illuminate the pathways and roadblocks to participation of traditionally marginalized groups.

Presenters: Kathleen S. Davis, University of Massachusetts, Amherst; Joan M. Whitworth, Morehead State
University, Helen L. Gibson, Holyoke Public Schools; Tarin Weiss, University of Massachusetts, Amherst.

3:35-4:35 p.m. S5.7 San Diego

Daughters with Disabilities: Professional Development Models to Reframe Science, Math and
Technology Education .

This presentation describes inservice/preservice training activities from the Daughters with Disabilities
program. Participants will explore gender-free, culturally relevant science, math, and technology resources.

Presenters: Penny Hammrich, Lynda Price and Graciela Slesaransky-Poe, Temple University

The Levels of Accessibility Matrix System for Determining Appropriateness of Hands-on Science
Activities for Students with Disabilities :

Preliminary work will be reported on The Levels of Accessibility Matrix system for analyzing the nature of
hands-on science activities for inclusion of students with disabilities.

Presenters: E. Barbara Klemm and Joseph Laszio, University of Hawaii
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3:35-4:35 p.m. S5.8 Capistrano Ballroom

The Effect of an After-School Science Program on Middle School Female Students’ Attitudes .
Toward Science and Mathematics

This study examined the implementation of an after-school science program on a group of female, minority
students’ attitudes towards science and mathematics.

Presenter: Maria M. Ferreira, Wayne State University

Science and Mathematics Professional Development at a Small Liberal Arts University: Effects on
Content Knowledge, Teacher Confidence, and Student Achievement

This study examines a professional development program with middle school science and mathematics
teachers from a large urban district and its effects on teachers’ content knowledge, confidence in teaching
these subjects, and impact on classroom and students.

Presenter: Cynthia H. Geer, Xavier University

3:35-4:35 p.m. S59 Laguna Ballroom

Science and Mathematics Methods: Integrating Activities and Content

A collaboration between middle grade science and mathematics methods courses is discussed that
emphasizes the connections between the courses. Outdoor settings and activities, and student development
of an interdisciplinary unit are utilized.

Presenters: Martha Schriver, Georgia Southern University; Gregory Chamblee, Georgia Southern
University

3:35- 4:35 p.m. S5.10 Viejo Ballroom

Making A Private Universe Public: Multi-media Materials as a Springboard for Expanding
Curriculum Development, In-service, and Pre-service Science and Mathematics Education

A variety of mathematics and science educators will build on previous AETS presentations and share the
many ways they use multi-media materials in curriculum and instruction.

Presenters: Natalie S. Barman, Charles R. Barman, Michael R. Cohen, Beatriz D’Ambrosio and Sue Mau,
IUPUY; Dana Riley Black, University of Washington, Nancy Finkelstein, Harvard-Smithsonian Center for
Astrophysics, Anita Greenwood, University of Massachusetts, Lowell; Philip M. Sadler, Harvard
University

Saturday Afternoon
Concurrent Sessions
4:55 - 5:55 p.m.

4:55 - 5:55 p.m. $6.1 San Marcos

What Are We Supposed to See? Visual Perception of Small Aquatic Animals by Non-Science Majors
and Biology Students; Com parisons, Correlations and Implications

This study aims to evaluate novice biologists’ abilities to visually perceive small living specimens in
artificial ecosystems and compares visual ability of novices with that of experienced field biologists. Some
specific correlations are suggested and explanations for observed patterns are explored.

Presenter: Robert Day, Ohio State University
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Crime in Color; Constructivism by Chromatography

A crime has been committed. Chromatography activities arranged in a foundational mode, applied within a
constructivist frame facilitate learners to transcend the ZPD, and the crime is solved. This presentation
includes a set of five activities dealing with chromatography.

Presenter: Joseph R. Laszio, University of Hawaii

4:55- 5:55 p.m. ’ S6.2 San Juan

Lessons Learned by Preservice Teachers from Doing Research: Implications for Science Education
Programs

This presentation will focus on the proposed benefits of having pre-service teachers participate in
misconception research by focusing on their alternative conceptions, the value of questioning techniques,
and the complex nature of teaching.

Presenters: Jamie D. Stockton, DePauw University; Charles R. Barman and Natalie S. Barman, IUPUI

Standards-based Teacher Licensure Programs and Their Impact on Teacher Education Programs
Many states have created INTASC based standards licensure programs. Join your colleagues in this
interactive session to discuss benefits and consequences of these programs and share strategies for success.

Presenter: Patricia R. Simpson, St. Cloud State University

4:55 - 5:55 p.m. S$6.3 San Felipe

Building Collaboratives for Inquiry: Goals, Glitches, and Glue
Panelists will discuss the establishment of teacher-scientist collaboratives that aim to improve teachers’
knowledge about and abilities to teach science as inquiry.

Presenters: Renee S. Schwartz, Oregon State University; Norman G. Lederman, Oregon State University;
Julie Westerlund, Southwest Texas State University, Penny J. Gilmer, Florida State University; Lori Hahn,
Florida State University, Norman Herr, California State University, Northridge

4:55 - 5:55 p.m. S64 San Carlos

The Effects of Group Collaboration and Facilitation for High School and Middle School Science
Teachers Attempting NBPTS Certification in 1998-99

In this study, 100% of the high school and middle school science teacher candidates’ participation in the
1998-99 Board of Professional Teaching Standards certification process were surveyed. Results based on
the 60% return rate revealed some interesting findings.

Presenter: Sharon Lynch, The George Washington University

National Boards for Professional Teaching Standards: Raising the Bar

In this interactive session, we will share how the National Board for Professional Teaching Standards
(NBPTS) certification process inspired us to raise the level of scientific thinking for our students as we led
them through a higher level, more meaningful curriculum. The NBPTS is growing in popularity and is a
true form of professional development for accomplished teachers who desire to hold themselves to the
highest standards.

Presenters: Kristine Quinn and Hollis Cruse; California State University, Fullerton
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4:55- 5:55 p.m. S6.S San Gabriel

A Correlation of Academic Background and Religious Beliefs with Preservice Teachers’ Self-Efficacy
for Teaching Evolution

Preservice teachers’ undergraduate academic science background and their religious beliefs are correlated
to self-efficacy for teaching evolution based on a modified STEBI-B instrument.

Presenter: Suzanne Shaw Drummer, Ohio State University

Redesign in Science Teacher Preparation
This interactive session will examine the diverse views on science teacher preparation and will articulate a
list of principles that further participants’ collaborative efforts to redesign science teacher preparation.

Presenters: Michael E. Beeth, Gyoungho Lee and Hyeoksoon Kwon, Ohio State University

4:55- 5:55 p.m. S6.6 San Pedro

Intersections of Sexuality Knowledge and Practice in Science Teacher Education

This symposium examines the effects of cultural norms of (hetero) sexuality in science teacher education
and paths to more empowering understandings of self and science. Our papers illustrate ways that sexuality
does matter in science teacher education and how individuals’ identities and understandings of science are
constituted in part along the intersections of sexuality and knowledge.

Presenters: Steve Fifield, University of Delaware; John Mascazine, Ohio State University, Connie Nobles,
Southeastern Louisiana University, Anne-Marie Scholer, Endicott College

4:55 - 5:55 p.m. S6.7 San Diego

Determining How to Use Graphic Organizers in a Sixth Grade Science Classroom
This project focused on determining how to use three specific graphic organizers in a sixth-grade science
classroom during a student teaching experience.

Presenters: Erik O. Stine and Valarie L. Akerson, Washington State University

Drawing on Their Understanding: Using Illustrations to Invoke Deeper Thinking About Plants
Analysis of young children’s science drawings provides insights into their conceptual understandings. The
use of drawings as a means for understanding children’s beliefs will be examined.

Presenters: Mary Stein and Shannon McNair, Oakland University

4:55-5:55 p.m. S6.8 Capistrano Ballroom

Moving a School District toward Constructivism and the National Science Education Standards: A
Follow-Up Study — How Successful Were We?

An Evaluation of a school district’s three-phrase curriculum/staff development project to develop a
program committed to teaching science for understanding — one year after its “completion”.

Presenter: Valerie Keeling Olness, Augustana College

Fostering Teacher Development: A New Approach to Early Childhood Science Teacher Education?
An exploration of how science methods coursework and practica experiences can be structured to foster the
professional development of prospective early childhood science teachers.

Presenter: Amy B. Palmeri, Vanderbilt University
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4:55 - 5:55 p.m. S$6.9 Laguna Ballroom

Discovering Modern Science in Ancient Nature Legends
Nature legends are gentle teachers that can capture attention and stimulate curiosity. This session will
present ways to discover the meaningful connections to science within them.

Presenter: Candace R. Miller, The Ohio State University at Lima

4:55 - 5:55 p.m. S6.10 Viejo Ballroom

University Science Majors in Collaborative Partnerships with Elementary Teachers: Inquiry Based
Teaching and Learning

Experiences using graduate and upper division, undergraduate science majors to assist elementary teachers
in their development and delivery of kit-based science lessons will be shared.

Presenters: Donna L. Ross, Cheryl L. Mason and Walt Oechel, San Diego State University; Nancy Taylor,
San Diego County Office of Education

Portraits of Partnership: Case Studies of College Science Students with Teachers in Urban
Elementary Classrooms

This study describes the motivations, roles taken, and impact of long-term science teaching partnerships on
the development of teacher and undergraduate participants in two different cases.

Presenter: Camille A. Goebel, Emory University

4:55 - 5:55 p.m. S6.11 Mesa Verde Room

AETS 2002 Planning Meeting

All AETS members are invited to attend this planning meeting for the 2002 AETS
conference.

Warren DiBiase, Chair, AETS 2002 International Conference Committee

7:30 - 9:30 p.m. S$7.1 Santa Ana Room

WISE Dessert Function

All AETS members are invited to attend this Women in Science Education get-together.
(Tickets must be purchased prior to the event.)
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Sunday Morning

6:30 - 8:00 a.m. Continental Breakfast East Galleria
8:00 - 12:00 Noon AETS Board Meeting China Cove Room
Sunday Morning

Concurrent Sessions
8:00 -9:00 a.m.

8:00 - 9:00 a.m. Sul.l San Marcos

Design and Implementation of a Science Teacher Preparation Program in a College of Science
In this panel symposium presentation, we will describe the new Science Teacher Preparation Program in
the College of Science at the University of Arizona.

Presenters: Ingrid Novodvorsky, Richard Greenberg, Mary McCaslin, Vicente Talanquer and Debra
Tomanek, University of Arizona

8:00 - 9:00 a.m. Sul.2 San Juan

“Just in Time”: An Alternative Pathway to Teacher Preparation

The presenter will share background on alternative licensure programs, challenges during the design of
APT, the early successes, and the issues and problems yet to be resolved. Advice on the evaluation of the
program will be sought from session participants.

Presenter: Camille L. Wainwright, Pacific University of Oregon

An Exodus of Gifted Teachers: Science Teachers Take Alternatives to Teaching
This study examines three beginning science teachers who left teaching. The reasons they left, where they
went, and how they compare nationally will be discussed.

Presenters: Nancy Patterson, Gill Roehrig and Julie Luft, University of Arizona

8:00 - 9:00 a.m. Sul3 San Felipe

Fostering Science Education Renewal by Bridging a University’s Scientific Culture with a K12
Culture

This presentation introduces the mechanisms a Research-1 University is establishing in order to actualize
its newly established core mission of supporting K12 science education.

Presenter: Dana Riley Black, University of Washington
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What Constitutes Academic Rigor? Framing an Opening Discussion Regarding the Criteria for
Evaluating Academic Rigor of State Standards and Local Curricula in K-16 Science Education
Conflicting claims of rigor in science education standards and curricula are being used in the scientific and
public realms. A simplified model rubric for analyzing rigor is proposed, based on the “National Science
Education Standards”.

Presenter: Bonnie J. Brunkhorst, California State University, San Bernardino

8:00 - 9:00 a.m. Suld San Carlos

Museum OQutreach: Inclusion of Professional Development to Enhance Student Learning
This case study explores methods by-which in-services can meet the diverse need of elementary teachers
and improve student understanding in museum sponsored science programs.

Presenter: Sarah S. Thompson, Natural History Museum of Los Angeles County

Grinding Stones and Dinosaur Bones: Informal Institutions as In-service Providers
Participants of an in-service at a natural history museum reported significant gains in content and
pedagogical knowledge and rated the program more helpful than traditional in-services.

Presenter: Leah M. Melber, Natural History Museum of Los Angeles County

8:00 - 9:00 a.m. Suls San Gabriel

Issues in the Preparation of Teachers to Face the Challenge of the Black-White Achievement Gap i
Science '
The persistent achievement gap between White students and African-American students is a national
concern. We use the results from a year long study of science classrooms to discuss how culturally
responsive pedagogy may be a potent way to address and minimize this achievement differential,

Presenters: Obed Norman, Washington State University, Charles R. Ault, Jr., Lewis & Clark College

8:00-9:00 a.m. Sul.6 San Pedro

Science Teaching Self-Efficacy Beliefs: A Discussion of Preservice, In-service, and Measurement
Issues

This presentation will be conducted in response to updated surveys of the AETS and NARST membership
regarding interest from a group of researchers interested in science teaching self-efficacy. This survey was
last administered to colleagues in the spring of 1994. This informal group will focus on the topic of science
teaching self-efficacy.

Presenters: Larry G. Enochs, Oregon State University; /ris Riggs, California State University at San
Bernardino; Charlene Czerniak, University of Toledo; Andrew Lumpe, Southern Illinois University —
Carbondale; Margaret Gail Shroyer, Kansas State University; Jodi Haney, Bowling Green State University

Improving Girls’ Self-Efficacy Toward Science
This action research project focused on implementing teaching strategies geared toward increasing fourth-
grade girls’ self-efficacy toward science. Results from the study will be discussed.

Presenters: Michelle Bohrman and Valarie Akerson, Washington State University
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8:00 - 9:00 a.m. Su 1.7 San Diego

Stories from the Field: Challenges of Science Teaching/Learning through Interdisciplinary
Approaches

In this novel format session, we will examine dilemmas, methods, students, and teachers using
interdisciplinary approaches that they encounter when trying to enhance science learning.

Presenters: Katherine C. Wieseman, Western State College; Hedy Moscovici, California State University,
Dominguez Hills; Maureen M. McMahon, University of California -Davis; Turtle Moore; Esme McCarthy;
Jill van Tiel, Western State College

8:00 - 9:00 a.m. Sul.8 Capistrano Ballroom

The Genesis of Science Teaching in the Elementary School: The Influence of Student Teaching
This investigation examined the impact of the student teaching semester on pre-service elementary
teachers’ personal efficacy beliefs and outcome expectancy beliefs in science teaching.

Presenter: Lee A. Plourde, Central Washington University

Impacts of Informal Science Education on In-service Elementary Teachers

This paper investigates in-service teachers’ learning experiences in developing and implementing an
inquiry-based “mini-research project” on informal science education settings, while taking graduate science
education courses.

Presenter: Isabel N. Quita, San Francisco State University

8:00 - 9:00 a.m. Su 1.9 Laguna Ballroom

L.M.P.A.C.T. : Research toward Improving Multi-Disciplinary Performance and Collaborative
Teamwork

This session presents research results to identify the skills, knowledge, and resources needed in order to
effectively and successfully utilize group projects in classroom curricula.

Presenters: Aimee L. Govett and L. Jean Henry, University of Nevada, Las Vegas

Goals 2000 & Action Research: A Viable Plan for Teachers

This session will discuss the Goals 2000 research project for Lane County School District in Eugene,
Oregon. The project was based on Action Research conducted by the teachers. Discussion of the survey
results of this program, as well as a discussion of Action Research as a legitimate form of research, will be
discussed.

Presenters: David T. Crowther, University of Nevada, Reno; Norman G. Lederman, Oregon State
University; Bob Curtis, Lane County School District; John R. Cannon, University of Nevada, Reno

8:00 - 9:00 a.m. Su 1.10 Viejo Ballroom

Using Many Models of Teaching to Meet Students’ Needs
Science methods courses at a university present many models of teaching, described by Bruce Joyce,
especially to motivate students and to meet their needs.

Presenter(s): David R. Stronck, California State University, Hayward
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Three Elementary Student Teachers’ Conceptions of Teaching Science as Revealed by Their Concept
Maps

This study compares the changes in three non-western European-American student teachers’ concept maps
on the subject of teaching science to adolescent English language learners compared to their western
European-American peers over the course of a one year science teacher education program.

Presenter: J. Richard Pomeroy, University of California, Davis

Sunday Morning
Concurrent Sessions
9:20 -10:20 a.m.

9:20 - 10:20 a.m. Su 2.1 San Marcos

Assessing Understanding in Chemistry with Calibrated Peer Review
An Internet-delivered instructional and assessment tool with a library component. Calibrated Peer Review
(CPR) through peer evaluation of writing promotes critical understanding in chemistry. .

Presenter: Barbara L. Gonzalez, California State University, Fullerton

Calibrated Peer Review in General Education Undergraduate Human Physiology
Calibrated Peer Review reveals student misconceptions, links modern scientific research to everyday
experience, and deepens student learning of basic concepts in general education human physiology.

Presenter: Nancy J. Pelaez, California State University, Fullerton

9:20 - 10:20 a.m. Su2.2 San Juan

The Biological Basis for Gender Based Differences in Web-Based “Discussions” and Assessment
This presentation discusses why elimination of appearance or voice pitch cues does not automatically
create equity for women in science education communication.

Presenter: Ruth S. Burkett, University of South Florida

9:20 - 10:20 a.m. Sul San Felipe

Constraints to the Implementation of Constructivist Science Lessons
This paper identifies the constraints that impeded participants of a two-year induction program from
implementing student centered science education reforms, such as “science as inquiry”.

Presenters: Gillian Roehrig, Nancy Patterson, Steve Uyeda and Julie Luft, University of Arizona

Science Teachers’ Diagnosis and Understanding of Students’ Preconceptions

This study focused on how science teachers attempt to diagnose students’ preconceptions in the classroom
and the understanding the teachers have about these preconceptions.

Presenter: Judith A. Morrison, Washington State University
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9:20 - 10:20 a.m. "Su2d San Carlos

Science Teacher Education Beyond the Classroom: A Model Program for Incorporating Informal
Environments in Science Teacher Education

This session will discuss Strategies in Informal Science Learning, a course designed to assist teachers in
understanding the rationales for and implications of science teaching in informal environments.

Presenter William F. McComas, University of Southern California

Worksheets, Museums and Teacher Agendas: Creating a Learning Experience
Teacher generated museum worksheets were examined to gain a clearer picture of learning expectations
and teacher agendas for class visits to a natural history museum.

Presenter: James Kisiel, Natural History Museum of Los Angeles County

9:20 - 10:20 a.m. Su 2.5 San Gabriel

From the Outer Planets to the Inner City: Linking NASA to Urban Education Initiatives in the High
School Science Classroom

Modeling how National Aeronautics and Space Administration (NASA) space exploration project teams do
science sparks innovative teaching of science and the nature of science to inner city high school students.

Presenter: Richard Shope, NASA- Jet Propulsion Laboratory; Lloyd Chapman

9:20 - 10:20 a.m. Su 2.6 San Pedro

Improving University Science and Engineering Instruction — A Case Study of an Environmental
Engineering Lab Course

This session discusses research results related to improving a college environmental engineering
professor’s teaching of a lab course.

Presenters: Valarie L. Akerson, Victor F. Medina and Nina Wang, Washington State University

9:20 - 10:20 a.m. Su27 San Diego

Content-Based Professional Development: A Video Exploration

Participants will view and discuss excerpts of mathematics and science content-based professional
development in action, exploring the issue of how a given professional development strategy supports
participants’ learning mathematics and/or science content.

Presenter: Jerome Shaw and Cathy Carroll, WestEd

9:20 - 10:20 a.m. Su 2.8 Capistrano Ballroom

GIS in Education

Geographic Information Systems (GIS) are making their way into classrooms across the continent. With
ArcView or ArcVoyager GIS software from ESRI and free data from the Internet, teachers can explore the
world. Participants will receive a free CD containing ArcVoyager Special Edition GIS software, lessons,
and data.

Presenters: Charlie Fitzpatrick and the ESRI Education Team, ESRI Schools and Libraries
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9:20 - 10:20 a.m. , Su 2.9 Laguna Ballroom

CSU - Creating an Integrated Elementary Teacher Education Program: The Response of Nine CSU
Campuses

The California State University system was mandated to develop programs to curtail the state’s teacher
shortage. Nine campuses share the impact of this mandate on elementary science teacher preparation.

Presenters: Laura Henriques and Alan Colburn, CSU Long Beach; Amy Cox-Peterson, Teresa Crawford,
Barbara Gonzalez and Nancy Pelaez, CSU Fullerton; Hedy Moscovici and John McGowan, CSU
Dominguez Hills; Barbara Hawkins, CSU Northridge; Barbara Burke and Ed Walton, Cal Poly Pomona;
Bonnie Brunkhorst and Herbert Brunkhorst, CSU San Bemardino; Kathy Norman and Robert Yamashita,
CSU San Marcos; Cheryl L. Mason and Donna L. Ross, San Diego State University; Isabel Quita, San
Francisco State University

9:20 - 10:20 a.m. Su 2.10 Viejo Ballroom

Hands-on Science with TI Technology
Come play with TI Technology for the science classroom. We will conduct a simple experiment with the
CBL 2 data collection device, and explore new science software for the TI-83 Plus graphing calculator.

Presenter: Eren Koont, Texas Instruments, Inc.
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AETS Presidents:

1932-34 S. Ralph Powers
1935-36 John C. Johnson
1936-38 W.L. Kikenberry
1938-40 E. Laurence Palmer
1940-41 Earl R. Glenn
1941-45 Anna M. Gemmill
1946-47 Victor L. Crowell
1947-48 Ellis Haworth
1948-49 H. Emmett Brown
1949-50 John Read

1950-51 George Haupt
1951-52 Robert Cooper
1952-53 Rose Lammel

1953-54 G.P. Cahoon
1954-55 Ned Bryan

1955-56 John Wells

1956-57 Robert Wickware
1957-58 June Lewis

1958-59 George Zimmer
1959-60 Harold Tannenbaum

1960-61 Herbert Schwartz
1961-62 Fletcher Watson
1962-63 Willard Jacobson

1963-64 R. Will Burnett
1964-65 Herbert Smith
1965-66 Ralph Lefler
1966-67 Edward Victor
1967-68 Sylvan Mickelson
1968-69 Stephen Winter
1969-70 Eugene Lee
1970-71 John Montean

1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02

7

Paul Westmeyer
Ronald D. Anderson
Robert E. Yager
David P. Butts
Jacob Blankenship
Patricia Blosser
David H. Ost

John Schaff

Ertle Thompson
Hans Anderson
Jerry C. Horn
James P. Barufaldi
Ron W. Cleminson
Thomas P. Evans
Marvin Druger
Robert K. James
Joyce Swartney
William C. Ritz
Floyd Mattheis
Gwendolyn Henderson
Roger Olstad
Catherine G. Yeotis
Peter A. Rubba
Norman Lederman
Jim Ellis

Paul Kuerbis
William Baird
Larry Flick

John Staver

Julie Gess-Newsome
Molly Weinburgh



AETS AWARDS:

Outstanding Science Educator of the Year

1979
1980
1983
1985
1986
1987
1988
1989
1990
1991
1993
1994
1995
1996
1997
1998
1999
2000
2001

Roger W. Bybee, BSCS

Anton Lawson, Arizona State University

William R. Capie, University of Georgia

James Dudley Herron, Purdue University

Charles R. Coble, East Caroline University

John Penick, University of lowa

James Barufaldi, University of Texas

Lawrence F. Lowery, University of California

William C. Kyle, Jr., Purdue University

Barry Fraser, Curtin University of Technology, Australia
Cheryl Mason, San Diego State University

Patricia Simmons, University of Georgia

J. Preston Prather, University of Virginia

Sandra Abell, Purdue University

Bonnie Shapiro, University of Calgary

William F. McComas, University of Southern California
Patricia Simpson, St. Cloud State University
Wolf-Michael Roth, University of Victoria

John Settlage, Cleveland State University

Outstanding Mentor Award

1997
1998
1999
2000
2001

John Penick, University of lowa

Hans Anderson, Indiana University

Norman Lederman, Oregon State University’
Robert K. James, Texas A & M University
Robert E. Yager, University of lowa
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Implication of Research for Educational Practice

1981

1983
1984
1985
1986
1987
1988
1989
1990

1991

1992

1993

1994

1995

1996

1997

1999

Wait-time and Learning in Science

Kevin Tobin, Western Australia Institute of Technology and

William Capie, University of Georgia

The Disadvantaged Majority: Science Education for Women

Jane Butler Kahle, Purdue University

Training Science Teachers to Use Better Teaching Strategies

Russell H. Yeany and Michael J. Padilla, University of Georgia

Using Research to Improve Science Teaching Practice

Kenneth Tobin, Western Australian Institute of Technology

Active Teaching for Higher Cognitive Level Learning in Science

Kenneth Tobin, William Capie, and Antonio Bettencourt, University of Georgia
Training Teachers to Teach Effectively in the Laboratory

Pinchas Tamir, The Hebrew University

What Can Be Learned From Investigations of Exemplary Teaching Practice
Kenneth Tobin, Florida State University

Visual/Spatial Thinking: An Essential Element of Elementary Science

Alan J. McCormack, San Diego State University

Helping Students Learn How to Learn: A View form a Teacher-Researcher
Joe Novak, Cornell University

An Expanded View of the Learning Cycle: New Ideas About an Effective
Teaching Strategy

Charles R. Barman, Indiana University

Teacher Development in Microcomputer Usage in K-12 Science

James D. Ellis, BSCS

Understanding and Assessing Hands-On Science

Larry Flick, Washington State University

Teaching Evolution: Designing Successful Instruction

Lawrence Scharmann, Kansas State University

Using Visits to Interactive Science and Technology Centers, Museums, Aquaria
and Zoos to Promote Learning in Science

Leonie Rennie and Terrence McClafferty

General Biology: Creating a Positive Learning Environment for Elementary
Education Majors

Larry Scharrman and Ann Stanheim-Smith, Kansas State University
Empowering Science Teachers: A Model for Professional Development
Ann Howe, University of North Carolina at Raleigh and

Harriet Stubbs, North Carolina State University

A Dynamical Systems Based Model of Conceptual Change

Andrew Hurford, Haskell Indian Nations University



2000 Teachers and Technology: A Case Study from an Implementation Project,
Myra Halpin and Ann Howe, North Carolina School of Science and Mathematics,
and North Carolina State University

2001 Visual/Spatial Thinking: A Forgotten Fundamental for School Science Programs,
Alan J. McCormack and Cheryl L. Mason, San Diego State University

Innovation in Teaching Science Teachers

1990 A Reflective Approach to Science Methods Courses for Preservice Elementary
Teachers ‘
Dorothy Rosenthal, California State University — Long Beach

1991 Enhancing Science and Mathematics Teaching
Kenneth Tobin, Nancy Davis, Kenneth Shaw, and Elizabeth Jakubowski, Florida
State University

1992 The Learning Cycle as a Model for the Design of Science Teacher Preservice and
Inservice Education
Peter Rubba, Pennsylvania State University

1993 Reconstructing Science Teacher Education Within Communities of Learners
Deborah Tippins, University of Georgia
Kenneth Tobin, Florida State University
Sherrie Nichols, East Carolina State University

1995 Science for Early Adolescence Teachers (Science FEAT): A Program for
Research and Learning
Samuel Spiegel, Angelo Collins, and Penny Gilmer, Florida State University

1996 An Innovative Model for Collaborative Reform in Elementary School Science
Teaching ‘
M. Gail Shroyer, Emmett Wright, and Linda Ramey-Gassert, Kansas State Univ.

1997 Reconceptualizing the Elementary Science Methods Course Using Reflective
Orientation
Sandra Abell and Lynn Bryan, Purdue University

1998 What Science Education Standards Say: Implications for Teacher Education
Penny Hammrich, Temple University

2000 Professional Development Programs for Elementary Science Teachers: An
Analysis of Teacher Self-Efficacy Beliefs and The Professional Development
Model
Tracy J. Posnanski, University of Wisconsin-Milwaukee

2001 Empowering Teachers as Researchers and Inquirers
Anne M. (Amy) Cox-Peterson, California State University, Fullerton
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Emeritus Awards

N. Eldred Bingham
University of Florida

Clarence Boeck
University of Minnesota

R. Will Burnett
University of Illinois

Gerald Craig
Teachers College, Columbia University

Paul Dehart Hurd
Stanford University

Addison Lee
University of Texas

Ralph Lefler
Purdue University

Harold Tannenbaum
Hunter College

Edward Victor
Northwestern University

Milton O. Pella
University of Wisconsin

Fletcher Watson
Harvard University

Fred Fox
Oregon State University

Herbert Smith
Colorado State University

Alfred De Vito
Purdue University
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Robert W. Howe
Ohio State University

Willard Jacobson
Teachers College, Columbia University

Steven Winter
Tufts University

Stanley Helgeson
Ohio State University

Pinchas Tamir
Hebrew University

Marvin Druger
Syracuse University

Nasrine Adibe
Dowling College

Roger Olstad

‘University of Washington

Hans Anderson
Indiana University



AEBTS
2001 Annual Conference Proceedings Guidelines
(also available at http://www.aets.unr.edu/)

These guzdelmes differ in a number of respects from those for past AETS Proceedings.
AETS members are encouraged to review them carefully.
The bolded areas note changes in the guidelines from 2000.
Please contact Pete Rubba with any questions (par4@psu.edu).

Papers and summaries of presentations made at the 2001 AETS Annual Conference can
be submitted for inclusion in the 2001 AETS Conference Proceedings. The Proceedings
again will be published as an ERIC document through the ERIC Clearinghouse for
Science, Mathematics and Environmental Education, with microfiche and hard copies
available through ERIC. The 2001 Proceedings also will be available on the AETS
World Wide Web Site (http://www.aets.unr.edw/), as are the 1996, 1997 1998, 1999 and
2000 Proceedings. Pete Rubba, Jim Rye, Warren DiBiase, and Barbara Crawford will
edit the 2001 Proceedings. Details are provided below.

* Papers presented at and summaries of presentations made at the 2001 AETS Annual
Conference may be submitted for inclusion in the Proceedings by sending two copies to
the first editor (Rubba) so they arrive within 30 days following the Conference. (Papers
and presentation summaries will not be collected at the 2001 AETS Annual Conference.)
Contact information for the submitting author of the paper or presentation summary (i.e.,
name, address, phone and FAX numbers, and e-mail address) should appear on a page
that accompanies the two copies. Each submission must be formatted as per the
specifications noted below and should include: two self-addressed and STAMPED
envelopes -- ONE A BUSINESS ENVELOP AND THE OTHER AN ENVELOPE LARGE ENOUGH TO
HOLD ONE COPY OF THE PAPER. Papers/presentation summaries should be sent to Dr. Peter
A. Rubba, 211 Mitchell Bldg., Penn State University, University Park, PA 16802.

* The 2001 AETS Conference Proceedings will not be refereed, nor will they be
copyrighted. This will allow authors to submit papers and presentation summaries
included in the Proceedings to journals such as the Journal of Science Teacher Education
and Science Education.

* The Proceedings’ editors will review papers and presentation summaries with
suggested modifications noted on one of the submitted hard copies. This marked copy
will be returned to the author who submitted it with a request that the paper/presentation
summary be revised and resubmitted by a specified date. One (1) camera-ready copy
and one (1) electronic copy prepared as a single (one) RTF (Rich Text Format) file will
need to be submitted. The final format specifications, which will be sent with the edited
copy of the paper or presentation summary, will differ from those noted below only in
that page numbers are not to appear on the final paper/presentation summary.
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* Review by the editors is anticipated to take about 2 months. Authors will be given
about a month to revise, format and resubmit. The Proceedings will be submitted to
ERIC and placed on the AETS WWW Site early in the summer of 2001. ERIC requires
about 6 months to process the Proceedings. The submitting author will be notified of
ERIC citation information as soon as it is available (December 2001). This information
also will be disseminated on AETS-L.

* The editors reserve the right to not include in the Conference Proceedings, for
example: a) documents that do not resemble what is generally considered a "paper" or
"presentation summary" (overheads used in a presentation; handouts such as tables,
figures and reference lists without explanatory text), b) papers or presentation summaries
not prepared in final version using the specified format, c) papers or presentation
summaries not submitted by a deadline and d) papers or presentation summaries not
submitted as a single RTF file.

Format Specifications
APA style as presented in the 4th Edition of Publication Manual of the American
Psychological Association should be followed except as noted below:

Font Style: Times New Roman;

Font Size: 12 point, except for the paper's title, which should be 14
point;

Spacing: Body of paper double-spaced; Paragraphs indented 1/2

inch; Quotations from interview transcripts should be
single-spaced and indented on both sides;

Margins: 1 inch all sides;

Justification: Left only;

Page numbers Bottom center (not to appear on final paper);

Running Headings: None;

Title/Authors: At the top left margin of the first page of text, please list the
paper's title, author(s) and institution(s) only, all single
spaced;

Headings: See example below on placement of headings; Single

space within headings; Leave two blank line above first
level and one blank line above all other headings;

Tables and Figures: Place in body of the paper; (Follow APA manual
recommendations on format;)
References: Use first level heading, do not start a new page; single

space within and double space between; indent first line
only 1/2 inch.

e See http://www.aets.unr.edu/ for further instructions and example
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Mission Statement
Association for the Education of Teachers in Science

We the participants in the AETS Mission Conference met in Denver, Colorado,
October 31, 1993 through November 2, 1993, to develop a mission statement that
will guide the Association for the Education of Teachers in Science through the
1990s.

We agreed that the mission of AETS is. . .
to promote leadership in, and support for those involved in, the professional
development of teachers of science, and that AETS serves . . .

educators involved in the professional development of teachers of science,
including science teacher educators, staff developers, college-level science
instructors, education policy makers, instructional material developers, science
supervisors/specialists/ coordinators, lead/mentor teachers, and all others
interested in promoting the development of teachers of science.

To fulfill its mission and to serve science teacher educators, the following goal
statements are presented to guide AETS over the next five years. Example actions
that might be taken within a one year or five year time frame are presented under
each goal level.

To accomplish its mission,
AETS will be the primary voice for science teacher education
1. by identifying and suggesting actions on key issues in science teacher
education.
2. by setting policy for the development of teachers of science.
3. by collecting and disseminating information about the needs of teachers of
science.
4. by collecting and disseminating information on the needs of science teacher
educators. :
5. by setting policy for the development of science teacher educators.

AETS will provide leadership in science teacher education
1. by promoting the identification, clarification, discussion, sharing of resources,
and research on issues of importance in the development of teachers of science
through collaborative efforts, such as
a) international, national and regional meetings,
b) forums and workshops,
c) professional development projects, and
d) committees and task forces.

2. by producing and promoting guidelines for improving science teacher
education, such as
a) science teacher education programs and licensure,




b) elementary, middle school, high school science teaching and learning
courses,

c) continuing development of science teachers,

d) alternative science teaching education and certification programs, and
e) master’s and doctoral level science teacher education programs.

3. by supporting implementation of recommendations for reform as they relate to
the development of teachers of science.

4. by encouraging individuals from underrepresented groups to enter science
teacher education.

AETS will expand and improve the quality of its publications
1. by providing adequate guidance and support for:
a) the Journal of Science Teacher Education by
(1) widely disseminating clear expectations for submissions.
(2) improving the consistency of the review process.
(3) considering the appropriateness of theme issues.
(4) actively pursuing library subscriptions.
(5) creating new sections, to possibly include:
(a) research on exemplary practices,
(b) book reviews,
(c) course syllabi,
(d) implications of teacher development standards, and
(e) articles solicited from related organizations.
b) the Science Teacher Education section of Science Education
by improving the solicitation of manuscripts.
c) the Journal of Elementary Science Education by sponsoring a science
teacher education section that is distinct from the Science Teacher Education
Section of Science Education and the domain of the Journal of Science Teacher
Education.
d) handbooks and monographs on timely topics in the education of teachers of
science by
(1) aggressively recruiting highly qualified authors.
(2) developing clear guidelines for proposals.
(3) basing proposal acceptance on detailed prospectus and board approval.
(4) identifying external publisher(s).
(5) vigorous marketing.
e) the AETS Newsletter for use as a service vehicle by
(1) creating or expanding sections, to possibly include:
(a) What Research Says About Science Teacher Development,
(b) Job Opportunities,
(c) Professional Development Opportunities
(d) Committee and Task Force Reports,
(e) Of, By, and For Graduate Students,
(f) Regional News, '




(g) Professional Calendar Information, and
(h) AETS Publications.
(2) actively soliciting newsletter items.
(3) increasing the number of issues to four per year.
(4) evaluating the need for a separate newsletter editor.
f) awareness pamphlets listing trends and resources in science teacher
education.
g) working papers and position papers on timely topics, such as
(1) science teaching standards,
(2) science teacher education program assessment standards, and
(3) professional development standards for science teacher educators.
h) proceedings of AETS meetings.

2. by moving toward electronic delivery of AETS publications.

3. by seeking external financial support for all publications through means, such as
a) corporate sponsorships, and
b) gifts and endowments.

4. by exploring the pros and cons of advertising as a means of support.

AETS will support science teacher educators
1. by providing information resources, such as
a) the electronic delivery of
(1) an Internet GOPHER server,
(2) AETS E-Mail List, and
(3) on-line calendar of activities of education-related agencies and
organizations.
b) membership mailing labels for individuals and businesses (requires approval
by Executive Secretary), and
¢) a speakers bureau (listing AETS members).

2. by exploring the needs of science teacher educators and by facilitating or
offering professional development opportunities, that follow from those needs,
such as
a) lists of instructional resources for the development of teachers of science,
b) presentations on emerging technologies and practices,
c¢) workshops and forums on effective approaches for the development of

teachers of science, '
d) national and regional conferences on the development of teachers of science,
e) workshops for science teacher educators on the use of electronic networks.
f) information and workshops on facilitating connections between schools and
industry.
g) workshops and forums for improving the capabilities of science teacher
educators to help teachers of science deal with issues associated with inclusion.




3. by providing membership services, such as
b) the AETS Listserver,
¢) national conventions,
d) regional conventions,
e) a membership directory (for use by members),
f) an AETS calendar, and
g) professional discounts for members from appropriate companies.

4. by assisting regional affiliates through
a) seed funds for conferences, and
b) regional news in the AETS Newsletter.

AETS will initiate or strengthen liaisons with other organizations concerned with

science education by establishing a standing committee

1. to exchange board seats, advisory committee and task force appointments with
major organizations having compatible goals.

2. to establish joint task forces to deal with current issues and develop joint policy
statements on issues in science teacher education.

3. to collaborate on joint conferences, seminars, workshops, and institutes on
special issues.

4. to consider opportunities for collaborative publications.

5. to exchange membership lists.

6. to exchange early information on conferences and on invitations for proposals
and participation in the conferences.

7. to exchange opportunities for exhibit space at conferences.

AETS will strengthen the organization
1. through refinement of governance structures
a) at the national level by
(1) changing the President-Elect's, President's and Past-President's duties to
provide for a smoother transition to insure better continuity, for example
(a) the President-Elect should oversee the annual meeting,
(b) nominees for President-Elect should have experience on the Board,
including ex officio experience, and
(c) the President-Elect should select the Chair of the Elections
Committee from the membership not currently holding office.

(2) encouraging members at time of membership renewal to become
candidates for elected office and committee membership.

(3) considering ways to maximize the impact of AETS representation on the
NSTABoard.

(4) pursuing agreements with other associations, such as NCTM, AMTE,
NARST and AAAS, to provide mutual ex-officio board representation.

(5) considering establishment of the position of AETS Newsletter Editor.
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b) at the regional level by
(1) each region establishing their own governance structure with one
representative identified to the national board,
(2) the Director or the region's single representative on the national AETS
Board having been a national AETS member for at least one year prior to
service.

2. through strengthening the membership
a) by recruiting new members and broadening the base of the membership,
including international ties.
b) by encouraging active participation of all AETS members.
c) by recruiting members from underrepresented groups.
d) by providing a one-year free membership for first year graduate students in
science education.

3. through maximizing the financial viability of the association by developing a
long-term financial plan that capitalizes on the following financial sources:
(a) dues,
(b) corporate/business memberships,
(c) gifts,
(d) endowments,
(e) projects/grants/contracts,
(f) grants from foundations that are other than contracts,
(g) sale of books and monographs, and
(h) income from workshops and conferences.

Mission Conference Participants:

William E. Baird, Auburn University

James D. Ellis, BSCS

Michael E. Jay, UC Berkeley & Chancery Software, Ltd.
Patricia F. Keig, California State University - Fullerton
Elizabeth S. Klein, University of Virginia

Paul J. Kuerbis, Colorado College

Norman G. Lederman, Oregon State University

Joseph Peters, University of West Florida

J. Preston Prather, University of Virginia

Peter A. Rubba, Pennsylvania State University
Deborah Tippins, University of Georgia

Javier Villalobos, Apple Computer, Inc.

Stephen S. Winter, Tufts University

Catherine G. Yeotis, Wichita State University
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Abd-El-Khalick, Fouad
Akerson, Valarie L.
Anderson, Christopher
Anderson, Elaine J.
Andrews, David M.
Appleton, Ken

Ash, Doris

Audet, Richard H.
Avraamidou, Lucy
Baird, Bill

Barman, Natalie S.
Barrow, Lloyd H.
Batt, Richard J.
Beck, Judy

Bell, Randy L.
Beller, Caroline
Beeth, Michael E.
Bianchini, Julie
Blake, Robert W., Jr.
Bleicher, Robert
Bogan, Margaret B.
Bohrman, Michelle
Bombaugh, Ruth
Boone, William J.
Broadway, Francis S.
Brown, Fletcher
Brunkhorst, Bonnie J.
Brunkhorst, Herbert K.
Bryan, Lynn A.
Burkett, Ruth S.
Butcher, Carolyn
Bybee, Roger

Cakir, Mustafa
Cannon, John
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A Brief History of AETS

The Association for the Education of Teachers in Science (AETS) had its origins
in the late 1920's with a series of visits, conferences and meetings of people involved in
educating science teachers. In 1923 S. Ralph Powers was invited by Dean James E.
Russell to Teachers College, Columbia University to join the faculty. Dean Russell urged
Powers to visit various science teacher training institutions and confer with faculty on
science teacher education standards. Visits to several campuses were followed by
invitations to return the visit and come to the Columbia University campus. AETS grew
out of these mutual interchanges in the late 1920's and early 1930's.

Small roundtable conferences of science teacher educators were organized by
Powers and his associates. There was general agreement that these conferences were
helpful and that they should be held regularly. In 1929 and 1930 a small group of heads
of departments of science in institutions primarily devoted to teacher education planned a
somewhat larger meeting for the autumn of 1930. Announcements were sent to the
presidents of teacher education institutions throughout the East, inviting members of each
science department to attend. Other invitations went to city and state supervisors in the
region. A large response led to a very successful conference. The participants urged the
Department of Natural Sciences at Teachers College, Columbia University, to make the
conference an annual event.

A committee of four met and corresponded to plan the first formal conference of
AETS that used a printed program. All science teachers from the northeast region were
invited to this conference that was held in October, 1932 at Teachers College, Columbia
University. Reports were given on the status of science teacher education in the
represented states. Subsequent conferences were held twice annually in November and
April, each lasting for two days. The 1935 meeting was titled "Conference on the
Education of Science Teachers Colleges." Except for the war years of 1942-1946, this
name was retained for annual meetings until 1953. Three regional sections were
established in 1952 <ETH> Eastern, Midwestern, and Southern Sections.

At the business meeting in 1953, members of the "Conference on the Education of
Teachers in Science" voted to change its name to the Association for the Education of
Teachers in Science. In 1959 AETS became a section of NSTA and an associated
organization of AOTE. A constitution and a set of by-laws were adopted in 1960. The
Guideline for the Doctorate in Science Education was published with financial help from
the Shell Foundation and the Higgins Fund of Harvard University and mailed to all AETS
members in 1967. In 1968 Volume I of the AETS Newsletter was compiled and mailed to
all members. This newsletter evolved from the practice of compiling and mailing papers
presented at the annual convention. In 1969 AETS inaugurated the Outstanding Young
Science Educator Award with financial support from the Shell Foundation. The first
AETS Yearbook, A Review of Research on Teacher Behaviors by Balzer, Evans and
Blosser was published in 1974. During 1978 AETS appointed its first Executive
Secretary, Bill Brown for a five year term. He was followed in 1983 by Jill Wright, who
was followed in 1988 by Bill Baird, Joe Peters in 1994 who was followed in 1999 by Jon
Pedersen.

Reference: AETS: An Outline of the History of the Association for the Education of
Teachers in Science. Willard J. Jacobson. March 25, 1977.
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AN ELEMENTARY PRESERVICE TEACHER'S SEARCH FOR
SOLUTIONS ABOUT THE EVOLUTION-DIVINE CREATION
QUESTION: THE STORY OF TRACY.

Larry D. Yore, University of Victoria
Tracy Knopp, University of Victoria

Once again an anti-science community is trying to silence the science community or
dilute its voice on controversial issues by deleting reference to the controversial concepts from
the state science standards in Kansas, Alabama and Kentucky, while Oklahoma is requiring
publishers to include a disclaimer in their science textbooks that identifies evolution as a
controversial theory. This time the strategy is to use the democratic election process to achieve
ends that the Scopes trial of the 1920s, the equal time policies of the 1960s, and the Reagan
politics of the 1970s could not achieve (Good, Shymansky & Yore, 1999). The deletion strategy
is a form of indirect censorship that sets the stage for local, fundamental religious, right-wing
groups to pressure teachers into censoring some unifying concepts from their science programs
(Benchmarks for Science Literacy, AAAS, 1993; National Science Education Standards, NRC,
1996; Pan Canadian Framework for Science, CMEC, 1997). Science educators and teachers need
to realize that the attacks are not always from the "right" and they need to be alert to the dilution
of canonical science by the "all opinions are equally valid" approach of the radical postmodern
left-wing of academia (Good, Shymansky & Yore, 1999; Gross & Levitt, 1994; Gross, Levitt &
Lewis, 1996). The approaches by fundamental Christians, racial postmodernists, feminists and
multiculturalists are no less dangerous than book burning, éourt cases or thought police and they
will put the most vulnerable teachers at risk (Singham, 1999). What can science educators and
teachers do about these censorship attacks?

This paper will attempt to provide background about the anti-science censors in a context

of elementary school science and to provide strategies that science educators and elementary
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school teachers can use to address and to prevent such attempts. What are the issues, who are the
combatants, and how do generalist teachers address the controversy when teaching elementary
school science? These were the central questions that guided Tracy's quest for solutions. Anti-
science controversies are not reserved for the deep South, or the end of the yellow brick road in
Kansas in the USA; the liberal North in.the USA and Canada also face these controversies.
Tracy's search for problem identity, search for solutions and resulting solutions provide
guidelines for ideas and activities that could be included in preservice courses and professional

development activities for generalist elementary teachers.

Background

The 2000 federal elections in Canada and the United States of America hjghlighted the
potential impact of religious fundamentalists on government and policies. Both George W.
Bush, the President Elect of the USA, and Stockwell Day, the Leader of the Loyal Opposition in
Canada, have declared their belief in an evangelical religion. Their personal beliefs are based on
a literal interpretation of the Bible as God's exact words, laws and directions. Mr. Day publicly
affirmed his belief in a Genesis-based creation, a young earth (6,000 years old) and that |
dinosaurs co-existed with people. Many (38%) Canadians participating in a recent survey
- expressed beliefs that supported a biblically based Divine Creation (Owens, 2000), although
only 39% of the respondents expressed any concern that the political leaders' personal beliefs
would influence their ability to fairly lead the country. These data are also likely reasonable
representations of the public opinion in the USA, since 38% of Aﬁxeﬁcm university students
surveyed believed life originated in the Garden of Eden (Hively, 1988). Sinclair and Pendarvis

(1997/1998) found that many university students taking introductory biology believed they must
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reject evolution or face violating their religious beliefs. They also found a sizeable number of
students did not improve their basic understanding of evolutionary biology during the course.
Could the students’ internal conflict between their personal beliefs and modern biology hinder
their science literacy?

With this type of public understanding of evolution and creatiénism, it is not surprising
that public education and schools are facing controversy over the inclusion of evolution,
cosmology and ecology in the science curriculum. In fact, it is surprising that there is not more
wide-spread conflict about these issues. Part of the reason for the lower than expected conflict is
that some scientists and religious people have worldviews that do not conflict. Elite science,
popular science, elite religion and popular religion position themselves on the controversy
differently and promote different resolutions to the conflict-- religion trumps science, science
trumps religion, independence, and integration (Nord, 1999; Singham, 2000). Those scientists
and religious people belonging to the independence camp have found a compromise solution
involving two worlds based on their interpretations of science and religion and that these
domains involve different epistemologies. Science is a knowledge system based on evidence,
claims, and warrants designed to address how patterns of events in the natural universe occur;
while religion is a belief system based on faith in specific collections of narratives designed to
address why singular events, like miracles, occur. Therefore, these people have
compartmentalized their ways of knowing into two distinct and mutually exclusive
epistemologies that are not allowed to conflict.

The National Academy of Sciences (1998), the National Association of Biology Teachers
(1995), and the National Science Teachers Association (1997) advocate that both science and

religion are useful, separate and mutually exclusive ways of knowing about different things and
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neither should be used to disconfirm the assertions, beliefs or claims of the other epistemology.
About 40% of scientists report holding a religious belief "in a personal God as defined by the
statement 'a God in intellectual and affirmative communication with man...to whom one may
pray in expectation of receiving an answer" (Larson & Witham, 1997, p. 435). Scientists and
people ascribing to a two worlds view are "respectful of science and its accomplishments but
also believe in a deity and are active members of churches, temples and mosques. Such people
view the creation narratives in their religious texts as figurative and metaphorical—not as
records of actual his;orical events" (Singham, 2000, p. 427).

"The major Western religions--Judaism, Christianity, and Islam--have made sense of
reality not in terms of universal causal laws but in terms of narratives. Events become intelligible
not because they are lawlike but because they fit into a narrative (as miracles might).
Theologians discern patterns of meaning and purpose in history and nature that they understand
in terms of a divine causality in the world" (Nord, 1999, p. 29). It is precisely how literal and
rigid these interpretations of scripture and to what degree divine causality are ascribed that
defines the interface of the science-religion conflicts. Pope John Paul II (1996) affirmed that the
theory of evolution had strong scientific support and did not contradict the teaching of the
Catholic church as long as it did not impose a scientific causality for people's souls. This
integration approach to religion and science attempts to achieve a unified interpretation of
scientific inquiries and religious narratives, such as evolution as a divine approach to creation
initiated by God and guided by God. This approach encounters resistance from scientists in the
degree and frequenéy of God's intervention in the evolutionary process. Some scientists will
accept the initial intervention by God, but reject any further intervention by God. Nord (1999)

stated "neither [science nor religion] can ignore the other, and neither automatically trumps the
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other. Because science and religion are each competent to illuminate aspects of the same reality,
a fully adequate picture or reality must draw on--and integrate--both" (p. 30).

The two winner “takes all” approaches (religion trumps science, science trumps religion)
to the current controversy involve the central combatants in the evolution and divine creation
conflict. One group believes that it "is through inerrant scripture or religious tradition that we
come to know the ultimate truth about nature. ...[while the other group believes it] is through the
methods of science that we learn the ultimate truth about nature" (Nord, 1999, p. 29). It is the
misconceptions about the nature of science and the nature of religion that appear to be at the
center of these conflicting groups. Some scientific and religious people incorrectly believe that
science deals with absolute truth and focus on the question of why, they do not accept the
purposes of religion as dealing with why people exist and their ethical and moral behavior, and
they believe that religious documents are historical or scientific text rather than a collection of
narratives used to establish philosophical assertions dealing with the meaning of life and living.
The lack of awareness and intolerance of scientific people for the values of religion as a way of
knowing the deeper meaning of life and living frequently cause red flags to be flashed
unknowingly to religious people. Likewise, the anti-science stance based on an absolutely literal
interpretation of religious narratives and the rigid moral discontinuity between science and
religious laws and canons causes scientific people to respond in an attack mode to defend their
territory.

There is a lack of common language used by both sides of the conflict. Frequently
religious people will refer to "Evolution as just a theory" emphasizing its tentative and
potentially temporary nature. Meanwhile the scientific people respond in a gleeful manner,

acclaiming yes, evolution is a theory, emphasizing its umbrella, unifying and explanatory nature.



Clearly, the debaters are not addressing the evolution-creation issue, with a common
understanding of their and the opposition's epistemologies.

Shingham (1999) describes one strategy in which "creationists try to drive a wedge
between elite science and elite religion [attempting to use an independence or integration
resolution to science-religion conflicts] by arguing that, at a fundamental level, the scientific and
religious world views are incompatible and that both cannot be believed simultaneously” (p.
429). This strategy tries to emphasize that if science is given domain over the physical world it
will quickly assume dominance over the spiritual world as well. The fundamental religious right
appear to believe that their interpretation will fall like an house of cards if the absolute word of
God is not defended on all fronts. Part of the attack strategy involves the development of
Creation Research Society (CRS) to promote scientific creationism and alternative Bible-based
theories to Darwin's theory (Numbers, 1993). CRS scientists argue that the evidence is weak for
evolution, that it is an illogically conceived theory, that it lacks predictive validity, and that
evolution is sparsely supported within the scientific community (Johnson, 1991). This dilution
of good science with pseduoscience -endangers the credibility of the entire scientific enterprise.
Numerous scientists, including Stephen Jay Gould (1992) and Francisco Ayala (2000), have
countered these claims. The National Academy of Sciences (1998, 1999) has provided two
excellent resources that provide an oveﬁiew of the theory of evolution, its scientific support, and
the associated conflicts with religion, which are readable by most adults with a limited science
background.

The science-religioﬂ conflicts are reinforced by the fringe ideas and dilution strategy of
the popular science communities and their beliefs about superstitions, astrology, magic,

witchcraft, psychokinesis, extrasensory perception and attacks on the nature of western science

39



and the organization of the scientific community (Good, Shymansky & Yore, 1999; Singham,
1999). This consortium of historians, philosophers, and radical constructivists have concluded
that "there is no compelling reason to believe that scientific progress is leading to the truth about
the physical world or even that there is such a thing as the truth of objective reality. ... Thus |
science cannot claim that its knowledge structure is objective and unique, and this has led to the
discussion of possible alternatives, such as feminist science and multicultural science, in contrast
to the present 'orthodox' science" (Singham, 2000, p. 431). The religious combatants have
grasped on to some of the fringe science ideas as their focus of attack in an attempt to illustrate
to the larger audience how untrustworthy and irrational science is_. Furthermore, the radical
postmodern community appear to be willing to form alliances with other groups attacking elite
science regardless of their allies' motives and strategies. "The scientific community has been
somewhat flummoxed by the wide-ranging nature of the criticisms it has received" (Singham,
2000, p. 431) and the unwitting postmodern science reformers have apparently become dupes of
the fundamental right-wing Christians, who in turn reject much of the common glue unifying the
radical postmodernists.

In summary, it is critical that elementary school teachers be aware of the controversial
issues in science, who might take offense at these issues, what strategies might these combatants
" use, who might be allies to the offended parties, what a teacher should do to avoid conflict and
prepare for unavoidable conflict, and what resources are available to elementary teachers
involved in such conflict. Clearly, being knowledgeable about the science and the scientific-
religious issues is of prime importance in making informed instructional decisions. Secondly,
elementary teachers must be willing and able to defend their instructional decisions using current

research and professional literature. Thirdly, elementary teachers must be confident that



teaching to the national, state-wide, provincial or district-wide science curriculum framework is

their legal mandate.

Context of the Case Study

This 4-year case study focussed on how Tracy, the co-author, a Year 5 undergraduate
student concentrating in elementary school science education at the beginning of the study, and
now an experienced international elementary teacher, addressed the challenges anticipated in
teaching controversial issues, like evolution, in elementary school science. Actually, this case
study documents the reflective journeys of both authors, as they have been involved in an action
research activity in which Tracy's concerns have served as the foci for much inquiry and
reflection by both parties-- Tracy trying to become a more effective elementary teacher and
Larry trying to become a more effective science teacher educator.

British Columbia has had a history of conflict involving a school district located in a
region heavily populated with fundamental Christians and having a conservative school board.
The school board mandated equal time for the Divine Creation when the Theory of Evolution
was presented in Biology 11 (Good, Shymansky & Yore, 1999; Gopaul, 1995). The local
teachers union and the school board were unable to resolve the conflict, and the Minister of
Education decreed that Divine Creation was not a scientific theory and such pseudoscience
should not be included in science courses authorized by the British Columbia Ministry of
Education. The Minister of Education's proclamation ended this conflict on the surface, but
similar science-religion conflicts still exist just below the surface with candidates for recent
School Trustee elections being surveyed about their positions on "Are you in favor of

encouraging students to think critically about whether scientific evidence supports evolution or

101



creation?" and other traditional values-oriented issues by the local chapter of the Canada Family
Action Coalition (Novemeber 20, 1999). Local Christian media continuing to provide
information about the Creation Science Association of British Columbia (Island Chistian Info,
18(1), January 2001) and states:

In recent years, scientific evidence has been piling up against the theory of evolution and

in favour of biblical creation. However, our news media and educational system will not

abandon evolution without a battle. The theory has held sway for almost 150 years and,
because it provides a way for sor.ne people to eliminate God from their thinking, every
possible means will be used to bolster up this unscientific model.

In evolution there is no fall from perfection, no sin and no necessity for a Saviour.

Evolution strikes at the very heart of our Christian faith. There are many scientific

evidences that do not support evolution, yet it is taught as a fact to our children even in

the early elementary grades in public school. (p. 9).

This clearly illustrates the confrontational or at least chilly climate that beginning elementary
teachers entering a career in British Columbia public schools face --curriculum documents that
mandate the teaching of evolution and a hostile public with a vocal component that does not
want it to be taught.

Tracy enrolled in a self-directed study course with the other co-author to investigate this
evolution-creationism controversy, to identify the controversial science and religious issues and
the combatants, and to design potential avoidance and resolution strategies. Tracy spent the
spring term of her graduating year reading, interviewing, and reflecting. Tracy prepared a

summary paper of her inquiries and findings. Three years later, after Tracy has been teaching in
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public and private elementary schools in Canada and England, this paper summarizes the

interactions between and reflections of the authors about her quest and current beliefs.

Results and Reflections

The major sources of information for this paper have been a course paper and discussions
between a preservice elementary school teacher and a science education professor, the
intervening readings, emails, and telephone conversations between the authors. An analysis of
the original paper and further inquiries and conversations resulted in confirming and elaborating
several of Tracy's themes. These themes have served as the organizational framework for the
paper.

Historical Origins

Tracy discovered the history of the controversy had origins from the time of the
publication of the Origin of Species in 1859. Thomas Henry Huxley and Herbert Spencer used
the theory of evolution to justify their social activism and to confront the Church of England's
authority (Ruse, 2000). These early conflicts were reactivated in the 1920s with the Scopes trial
(1925) and 37 states’ attempts to ban or limit the teaching of evolution in science courses (1921-
1929). Three states—Arkansas, Mississippi, and Texas—actually passed such laws.

Contemporary philosophers believe that the early attempts to use evolution as a tool to
overcome the power of the church and to raise evolution to a religion may be in part a cause of
the current hostility of the fundamentalist churches against the teaching of evolution in public
schools (Ruse, 2000). These early conflicts appear to have attached a red flag to Darwin's work

and to any associated research coupled to the inferential work using fossil records. These
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defensive stances have turned a blind eye to much of the recent genetic and biochemical

evidence about evolution.
Combatants

Tracy was somewhat surprised to find that not all Western religions were in open conflict
with the teaching of evolution. Her discussion with a minister revealed religions that did not
ascribe to a strict literal interpretation of their religious texts were able to either integrate
evolution ideas into their belief system or co-exist into two parallel worldviews thereby avoiding
conflict. These liberal religions including Catholics, Lutherans and other mainline protestant
religions are able to separate their faith-based religious beliefs from their evidence-based
scientific knowledge. But, Evangelical churches like Pentecostals, Reformed Christian and other
fundamentalist religions base their beliefs on a literal interpretation of the scriptures as God's
exact word. Any disproof of a single scripture's literal message would put at risk the éntire set of
scriptures and their literal messages and the foundational assumptions of these Evangelical

Christian religions. There can be no compromise for fundamentalist religions.
Science Reform Documents

Tracy found that both the American and Canadian science reform documents promoted
evolution, change and diversity as big ideas or unifying concepts in science (AAAS, 1993;

. CMEC, 1997; NRC, 1996). Clearly the authors of the current reform documents believe that
these ideas are a critical foundation to understanding modern biology and science literacy. The
National Science Education Standards (N RC,A 1996) specifically lists evolution and equilibrium
as a unifying concept, but it should not be taken out-of-context of the other unifying concepts
(evidence, models and explanation) and content standards (science in personal and social

perspectives, history and nature of science). The authors expressed a sensitive to other
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epistemologies by stating "Explanations on how the natural world changed based on myths,

person beliefs, religious values, mystical inspiration, superstition, or authority may be personally
useful and socially relevant, but they are not scientific" (NRC, 1996, p. 201). Clearly, the reform
documents were trying to control the level of conflict and to encourage teachers to avoid any hint

of winner-takes-all confrontation.

Conflict Strategies

Tracy was able to detect that anti-science groups used a variety of strategies to attack
evolution. They have tried legal strategies. Most legal attempts to delete evolution from public
school science curricula or to include equal-time for creationism have been unsuccessful (Bybee,
2000). They have used the democratic election process to take control of school boards and to
pass school policy to achieve their goals. Clearly, with a minority of the electorate taking the
option on their voting rights in major elections and even smaller percentage actually voting in
local community and school board elections, theré is a real danger of this strategy working for
the eanti-science lobby. A similar approach has been used with hospital boards and foundations
in which conservative anti-abortion groups gained control and have required these facilities to
stop providing comprehensive health care to women. This can and does happen to school boards
(Good, Shymansky & Yore, 1999). Anti-science activists have used dilution strategies by
developing pseudoscience groups, like the Creation Research Society. This strategy has had the

least success in that it quickly confronts the established scientific community which is well

organized and practiced in addressing sociopolitical attacks on science and research funding.

Language
Tracy found that parties in the conflict were not using a common language. An article

(Miller, 1997) and a letter to the editor (Currie, 1997) in the Canadian Lutheran, a magazine
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published by the Lutheran Church-Canada, revealed the discrepant worldviews and use of the

term 'theory' by people with varying degree of science literacy. Miller (1997) writes:
Evolutionists and creationists observe the same evidence. There is not one set of fossils
that is creationist fossils and another set that is evolutionist. The difference is in the
interpretation. It is a conflict between two differing world views; a war between two
oppoéing faiths. Evolution is a faith. Even some evolutionists recognize this as seen in
this quote: 'The fact of evolution is the backbone of biology, and biology is thus in the
peculiar position of being science founded on an unproven theory-- is it then a science or
a faith?' (p. 7)

He continues to examine the evidence, science and scriptures about the origin of life, the change

of simple organisms to complex creatures, the age of the earth, people's relationship to apes and

concludes that Divine Creation is an equally plausible explanation as evolution.
Two issues later, Currie (1997) writes:
I am angry and disgusted that an official publication of my church would publish an anti-
science diatribe like [Miller's] Evidence for Origins (April, 1997). The theories and
allegations expressed in this article have been repeatedly and comprehensively
discredited. Readers wishing a better informed and more balanced Lutheran approach to
the questions raised in this article should consult Rock Strata and the Bible Record edited
by Paul Zimmerman (Concordia Publishing House, 1970), a collection of studies by
professors from Missouri Synod seminaries and scientific experts which outlines
theological and scientific positions and finds little conflict between them.

Clearly, many religious people view both science and religion as absolute bodies of true and

proven knowledge with a common epistemic foundation and lexicon. Science literate people
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view science as an evalutivist domain based on evidence that is people's attempt to search out, to
describe and to explain patterns of events in the natural world which does not necessarily involve
absolute truth. The scientific enterprise seeks to formulate unifying, umbrella concepts, called
theories, that will improve the descriptive, predictive and explanatory power of science, but
recognize that these ideas are still tentative and temporary. Religious people with a less well
developed science literacy incorrectly impose their absolutist epistemology and lexicon on
science. They focus their discourse on the tentative and temporary features of the Theory of
Evolution, which the scientific community openly acknowledges, when debating the values of
Divine Creation and Evolution. They discount the unifying, umbrella and power aspects of

theories and concentrate on build an argument that emphasizes the limits of the evidence base

and skepticism about the Theory of Evolution within the scientific community. They forget to

mention that the same skepticism in the scientific community applies to all science ideas and is a
critical scientific habit of mind. Furthermore, they fail to mention that ihe supportive evidence
for the Theory of Evolution is becoming overwhelming and that the skepticism is about the
hyper-fine procedural details of evolution, not about the general conception of evolution

(National Academy of Sciences, 1998).

Nature of Science and Nature of Religion

Tracy found that the epistemologies of science and religion were not well understood and
that people's and teachers' misconceptions about the nature of science and nature of religion lead
to conflict. Many teachers’ misunderstandings about science's purposes lead them to
dogmatically present science ideas as absolute truths rather than as inquiry leading to temporary
descriptions and explanations of patterns of events in nature. Likewise, she found that their

misconceptions about religion did not identify its purposes as how to live a meaningful life and
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the central issue of why people exist. Religion identifies where people came from, where they
are going, and what they should do along the way (Ruse, 2000). Few people realize that "science
and religion are on opposite [not opposing] sides of human experience" (Krauss, 1999, p. A86).

Bybee (2000) encourages teachers to avoid debating supporters of Divine Creation and to
concentrate on educating them about the nature of science. He states "debating groups that
advocate creationism positions for the school curriculum place science teachers in positions for
which they are not prepared and are outside the realm of tasks the public school expects of them.
On the one hand, debating requires a huge expenditure of time and energy and results in little or
no change among those advocating nonscientific positions. Also, in such debates there is every
possibility of leaving creationists with more power and the public with greater confusion about
science and science education” (p. 34). Bybee suggests embedding nature of science ideas in any
instruction about controversial issues, like evolution, the Big Bang theory, and the age of the
earth. He cautions teachers about insuring that science is presented as problem-driven inquiry
and not as an absolute body of truths and an unerring systematic, lock-step method of |
unconnected processes and mindless procedures.

Tracy found that utilizing common misconceptions about science (McComas, 1996) and
the science reform documents (AAAS, 1993; CMEC, 1997; NRC, 1996) as a framework for self-
directed study and instructional planning a useful starting point. It was apparent that parallel
resources about religion were not readily available to elementary teachers and that she needed to
rely on her own religious background and on personal inquiries into religions and their concerns
about science. Nord (19'99) believes that public schools and universities should provide
comparative, parallel instruction about science and religions such that future students will be

equipped with the habits of mind, critical thinking, and conceptual background to address
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controversial issues with the dual literacies of science and religion. Clearly, people must realize
that "science deals with ideas that are falsifiable, [while] religion deals with matters of faith. Itis
of vital importance for both fields that they stick to their separate turfs. ... [The] ultimate arbiters
of the origin and evolution of life will be biology and perhaps astrophysics, not theology. By the
same token, the moment that scientists attempt to prove or disprove the existence of God, or

divine purpose, they have stopped being scientists" (Krauss, 1999, p. A86). -

Strategies
Tracy's experiences have illustrated the need to provide preservice teachers and
elementary teachers with specific background about controversial science issues and the groups
that are involved in the controversies and guidelines for teaching controversial issues (Good,

Shymansky & Yore, 1999). The three strategies that follow flow from Tracy's four-year quest.

Knowledge about Controvesial Science Issues

Preservice teachers and elementary teachers need to be provided a concise, but
comprehensive overview of controversial science issues dealing with cosmology, evolution, and
ecology. Generalist teachers are unlikely to take and understand upper-level evolutionary
biology courses and it is questionable if a single entry levg:l biology course will provide
sufficient content background (Sinclair & Pendarvis, 1997/1998). Many people, including
preservice teachers, tend to generalize that all science ideas are contested by all religions, rather
than realizing that specific issues dealing with the formation of the Universe, the age of the earth,
evolutionary changes of simple organisms into more complex organisms, and the genetic and
evolutionary relationships between primates and people are contested by Evangelical Christian

religions that use a literal interpretation of Genesis as the foundation for creation (Nord, 1999;
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Singham, 2000). The National Academy of Sciences' (1998, 1999) publications and the national
science reform documents (AAAS, 1993; CMEC, 1997; NRC, 1996) are comprehensive,
readable sources for a basic understanding of the controversial science topics. These documents

should be readings for any preservice or inservice activity dealing with the teaching of science.

Knowledge about Religious Groups

Concise, understandable resource materials about religions and their support of or
concerns about science are difficult to find. Most materials do not consider a broad spectrum of
Eastern and Western religions needed to cover the current multicultural classrooms in Canada
and the United States. Singham (2000) discusses the concerns that popular religions have about
cosmology, ecology and evolution, but he does not provide a specific listing of these religions.
He does identify some elite Western religions (Catholic, mainline protestant) and Eastern
religions that do not contest these science issues, but again does not list the specific religions.
Teachers need an unbiased overview of religions and their fundamental assumptions and
practices to develop an awareness about and sensitivity for personal belief systems in their
classroom. Religious scientists who have adopted an independence or integration solution to the
science-religion conflict should develop such a resource for teachers that identifies the epistemic
and propositional foundations of religions.
Guidelines for Addressing Controversial Science Issues

Teachers in Canada and the United States need to utilize the position statement provided
by the National Science Teachers Association (1997) for teaclﬁng evolution as a basic
foundation for instruction. This brief two-page document provides a concise science position
that can easily be adapted by a sensitive teacher who is aware of students' philosophical beliefs

and their misconceptions about controversial science ideas. A sizeable number of scientists
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express an integrated or independent view of science and religion in which they accept a god,
who in the beginning initiated the events into motion. Such views accept the different epistemic
formation of science and religion and the different foci of these domains--how and why.

Bybee (2000) provides good advice to teachers to avoid debating and focus on educating
advocates and adversaries about the nature of science and the importance of the theories of
science as umbrella ideas that unify and explain the nature of the physical world and how it
works. McComas ' (1996) 10 myths about science is a good starting point for most elementary
teachers who are planning instruction about the nature of science. Teachers need to emphasize
that science focuses on how things occur and not on why things occur and that science is based
on inquiry, evidence and justification leading to tentative knowledge claims about how the
physical universe works.

Teachers should accept their professional and legal responsibilities to teach about the
creation of the universe, evolution, and ecology, but they should not irrationally infuse these
ideas into their science instruction as red flags (Gopaul, 1995). The thoughtless inclusion of
controversial science issues bring on unnecessary conflict. Introducing the creation of the
universe, the age of the earth, the natural selection of surviving specig:s, and people's genetic and
biochemical relationships to other organisms should be done as part of a well-planned, unified

and conceptually integrated unit of study.

Discussion

This paper reflects the authors’ evaluativist view of science and liberal protestant
religious background. The language and metaphors of conflict were selected to illustrate the

confrontational attitudes of the extremists from both the scientific and religious communities and
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to focus the readers’ attention on the importance of this science-religion war. We believe that
you can not be a passive spectator during this conflict and others that will likely follow.

This case study illustrates three critical considerations for preparing elementary teachers
to address teaching evolution and other equally important controversial science topics. Teachers
need to know the content knowledge associated with the topic, they need to present these
controversial topics and all science ideas in the context of the nature of science, they need to
have an awareness and appreciation of alternative non-science interpretations of these topics,
they need to cognizant of community sensitivities and signs of conflict, and they must not
introduce "red flag" topics unless they are essential to their development of science literacy.
Teacher educators and teachers need to prepare thémselves to address controversy in general, not
just the evolution-creation controversy. Numerous lobby groups are ready and willing to attack
Western science using frontal conflict, democratic processes, legal battles, and dilution |
techniques (Good, Shymansky & Yore, 1999).

It is critical that teachers understand that sc;ience and religion are of two worlds and two
different, not necessarily conflicting, ways of knowing about the physical and spiritual worlds.
Science must test its ideas against the evidence of Nature using the traditions, accepted
procedures of inquiry, and the canons of evidence of the scientific community. Religion is a
philosophy, not a science, based on faith and the message contained in a set of narratives. These
interpretations are to be accepted, not to be tested. Luke 4:13 states "Jesus answered, 'It says:
Do not put the Lord your God to the test' ." Likewise, it seem foolhardy to put science to a

religion-based evaluation. Let the two worlds co-exist.



References
AAAS. (1993). Benchmarks of science literacy. New York: Oxford University Press.

Ayala, F. J. (2000). Arguing for evolution. The Science Teacher. 67 (2), 30-32.

Bybee,R. W. (2000). Evolution: Don't debate, educate. Science Teacher, 67(7), 30-35.

CMEQC, (1997). Pan-canadian protocol for collaboration on school curriculum: Common
framework of science learning outcomes. Ottawa, Ont: Council of Ministers of Education,

Canada.

Currie, K. L. (1997). Origins evidence. The Canadian Lutheran, 12(5). 4.

Good, R. G., Shymansky, J. A. & Yore, L. D. (1999). censorship in science and science
education. In E. H. Brinkley (Ed.), Caught off guard: Teachers rethinking censorship and
controversy (pp.101-121). Boston: Allyn and Bacon.

Gopaul, H. (1995). "Creation science" is not science and why the teaching of evolution
science makes sense in Grade 12. Catalyst, 38 (6), 3-4.

Gould, S.J. (1999). Rocks of ages. New York: Ballantine Publishing Group.

Gross, P. & Levitt, N. (1994). Higher superstition: The academic left and its quarrels with
science. Baltimore, MD: Johns Hopkins University Press.

Gross, P., Levitt, N. &Lewis, M. L. (1996). The flight from science and reason. New
York: National Academy Press.

Hively, W. (1988). How much science does the public understand?. American Scientist,
(September/October), 439.

Krauss, L. M. (1999). An article of faith: Science and religion don't mix. Chronicles of
higher Education, (November 26). A86.

Larson, E. J. & Withan, L. (1997). Scientists are still keeping the faith. Scientific
American (September), 435.

McComas, W. F., (1996). Ten myths of science: Reexamining what we think we know
about the nature of science. School Science and Mathematics. 96. 10-16.

Miller, W. (1997). Evidence for origins. The Canadian Lutheran, 12(3). 6-9

National Academy of Sciences. (1998). Teaching about evolution and the nature of
science. Washington, DC: National Academy Press.

113



National Academy of Sciences. (1999). Science and creationism: A view from the
National Academy of Sciences (2™ Edition), Washingtom, DC: National Academy Press.

National Association of Biology Teachers. (19950 Statement on teaching evolution
(Position Statement). Reston, VA: NABT.

National Science Teachers Association. (1997). An NSTA position statement: The
teaching of evolution. Arlington, VA. NSTA.

~ Nord, W. A. (1999). Science, religion, and education. Phi Delta Kappan, 81, 28-33.

NRC. (1996). National science education standards. Washington, DC: National Academy
Press.

Numbers, R. (1993). The creationists: The evolution of sc1ent1ﬁc creationism. Berkeley,
CA: California University Press.

Owens, A. M. (2000). Canadians split on creationism. National Post, 3(26). A1 & AS.

Pope John Paul II. (1996). Message to the Pontificial Academemy of Science on
evolution. Origins, 14 (November).

Ruse, M. (2000). How evolution became a religion. National Post, (May 13), B1 & B3.

Sinclair, A. & Pendarvis, P. (1997/1998). Evolution vs. conservative religious beliefs.
Journal of college Science Teaching, 27, 167-170.

Singham, M. (2000). The science and religion wars. Phi Delta Kappan. 82.. 424-432.

114



STARS: EVALUATING THE USE OF VIDEO TECHNOLOGY FOR
MODELLING SCIENCE PROCESS SKILLS

Kenneth P. King, Northern Illinois University
Thomas E. Thompson, Northern Illinois University

This project explored the feasibility of developing a mechanism by which
elementary children were given the opportunity to observe positive role models of
appropriate children’s behavior in a science classroom. A series of videotapes and
instructional manuals were developed to support the needs of teachers and students to
develop skills among students consistent with those required to participate in an inquiry-
based science program. Staff development programming was developed to assist
teachers in the implementation of the materials, and a subsequent series of classroom
observations examined the value of the materials in terms of the nature of teacher-student
classroom interactions.

The authors of this paper have both recently returned from observing student
teachers. It was evident that both preservice and practicing teachers were disinclined to
teach science in a manner consistent with the hands-on/minds-on app'roach advocated by
the American Association for the Advancement of Science (AAAS, 1989), the National
Research Council (NRC, 1996) and the State of Illinois Learning Goals (Illinois State
Board of Education, 1997). Their objections typically related the difficulty in
establishing classroom behaviors that will enable children to participate effectively in a
classroom where individual autonomy, freedom and manipulation of materials are the

norm (King, Shumow, & Leitz, 2000; 2001). Lynes and Oshita (1998) report similar
X
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findings from their work with science teachers, that the need for student autonomy,
classroom management issues, and a inquiry-based approach to learning science.

When teachers are asked to comment on why they are reluctant to have children
manipulate materials in a hands-on science program, their responses typically included:
discipline gets out of hand, children can’t handle the freedom, it takes too much time,
children can’t work with other children, or it is too noisy (King, Shumow, & Leitz, 2000;
2001). To address these obstacles to hands-on/minds-on science instruction, providing a
set of model behaviors for students to emulate would do much to address the needs of
both teachers and students.

Classroom teachers who were reluctant to have their students participate in a
hands-on science program will show those images to their elementary students. By
showing video images of young children engaging in appropriate behavior that is
associated with inquiry science investigations, other children will then find a peer role
model to model their own behaviors. This project videotaped images of culturally diverse
children engaged in different aspects of inquiry science. Documentation to support the
use of these videos in the classroom was developed for use with the videotaped materials
(King & Thompson, 1999a; 1999b; Thompson & King, 1999).

Research Questions

To organize provide focus for this study, the following research questions were

developed:
(1) Is there an increase in higher-level classroom discourse that correlates with the use

of the instructional materials? This is important, as the value of the material is to
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focus classroom interactions on the behaviors consistent with inquiry-based

classroom instruction.

(2) Do the level of classroom management interactions remain constant during the
school year as a result of the use of the instructional materials? Findings cited
elsewhere in this paper show that an increase (often dramatic) in classroom
management intefactions is related to students participating in an inquiry-based
set of classroom experiences (King, Shumow, & Lietz, 2000). Keeping classroom
interactions at the same level as during expository teaching (or finding a decrease)
is desirable for teachers and students engaging in hands-on/minds-on science.

(3) Is there an optimum combination of instructional materials that supports
improvement in classroom interactions? This question examines the materials
students were exposed to during the treatment portion of the investigation.
Students were given the opportunity to view video episodes of students using
inquiry skills, perform activities using inquiry skills, or a combination of the two
experiences.

Experimental Design

The design selected for this investigation is outlined in Table 1 below. Four
conditions were selected for examining the value of the instructional materials. Eight
classrooms participéted in the study. Two classrooms were randomly assigned to each of
the conditions. This design allows for effective control of internal and external validity

issues (Campbell & Stanley, 1963).
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Table 1.

Experimental conditions for project evaluation

Initial Subsequent
Observation Video Activities Observations
1. RO, _ 0, Oy

2. ROs X Oy Oy

3. ROs X - Og Og'

4. RO; X X Og Og

Condition 1 provided the control group. Two teachers participated in theA
September 1999 workshop, but did not use any of the instructional materials during the
school year. An initial observation (O;) took place during October 1999, shortly before
the workshop. Subsequent observations (O, and O»') took place during November and
January. Condition 2 represented exposing students to the video materials only, with an
initial and then three post-treatment observations. Condition 3 represents exposing
students only to the activities in the instructional manual that develop through hands on
interaction with activities that focus on the process skill. Condition 4 captures students
using both the video materials and the associated hands-on activities.

Theoretical Implications and Relations to Previous Work

This study examines issues in two areas: the use of video as a modeling tool and
the examination of teaching behaviors through a methodology examining levels of
instructional discourse developed by Shumow (1998). The modeling feature of the
project was employed through the use of the videotaped process skill episodes and the
classroom observations recorded changes in behavior resulting from the video

experiences.
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Modeling

The value of modeling as a teaching and learning tool is evident, as demonstrated
in the work of Bandura (1986). For these models to work most effectively, they must be
perceived by the viewer as being believable. The models must also demonstrate
behaviors that can be incorporated by the viewer. By using elementary students as
models, it is anticipated that the behaviors demonstrated by the studént models captured
on video will provide a model for behaviors desired of elementary students participating
in inquiry-based science investigations. The act of modeling is critical in science
education as well. Brna and Burton (1997) further made a case for modeling as an
essential part of the science education experience. White and Fredricksen (1998) have
advocated developing curricula that supports this process in science teaching. The
materials developed for this study not only provide behavioral models for students, But
_ the students in the video also help to model the role of modeling in inquiry-based science
activities.

Classroom Discourse

Examining classroom behaviors through an objective means provided the method
of examining classroom practices for changes promoted by the use of the video materials.
The coding scheme employed was previously modified from prior observational studies
of adult teaching of elementary school students within the framework of NCTM
mathematics reforms (Lehrer & Shumow, 1997; Shumow, 1998). This scheme focused
on a number of the instructional strategies suggested by the science reform documents

and entails coding each statement that the teacher made during the lesson on two

A
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dimensions. The first dimension, “involving”, chmacteﬁzed (yes/no) whether the
teacher's statement prompted the students to engage in (higher order) thinking.

The second dimension, called “purpose,” categorized the function the teacher's
statement served in the lesson. These purposes include focusing on either a) knowledge,
givens, or problem definitions, b) moving the flow of the lesson forward, c) elaborating
including hypothesizing, comparing and contrasting, explaining, or justifying, d)
modeling including demonstrating, creating representations, or analogizing, €) managing
student behavior, and f) attending to interruptions.

It is an assumption by the authors of this study that the behaviors captured (levels
of discourse) were impacted by the exposure to the instructional materials. Given that the
skills associated with inquiry-based science instruction are consistent with those
behaviors described in the coding scheme, it is reasonable to infer that changes in
teacher-student interactions will be captured by the methodology.

Background on the Participants and Schools

The participants in the study were selected from among the téachers and students
in School District U-46, in Elgin, IL. School District U-46 is the second largest school
district in the state of Illinois. It is a vast and varied district, with a large number of
students from underrepresented populations and a wide range of socioeconomic levels.
In 1998, U-46 served over 34,000 students. The district reported that some 66 different
languages were spoken among U-46 students in a recent school district census.
Approximately 26% of U-46 students are of Hispanic origin, 8% are African-American,

6% are Asian-American, and less than 1% are Native American (School District U-46,
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1999). The students participating in the investigation reflect the overall demographics of
the school district.
Procedure

The procedure employed in this study was carried out in two phases: staff
development and classroom implementation. The staff development process trained all
of the participating teachers in the use of the materials. An instructional manual
accompanied each video, with suggestions as to how to use the videotapes as a discussion
and modeling guide. Contained in the manual were a set of activities to profile the
essential issues of the process skills covered in each tape. Teachers viewed the tapes with
the guidance of the project developers and discussed how to use them to foster
knowledge of the process skills. Teachers also experienced the scieﬁce activities
suggested in each instructional manual as a means of further developing their own
understanding of science inquiry skills. At the conclusion of the workshop, the teachers
were randomly assigned to one of four experimental conditions.

Prior to the workshop, each of the teachers was videotaped teaching a science

lesson. This lesson was used to provide a baseline for each of the classes observed.

After the workshop, the teachers and their classes were videotaped three subsequent

times, to look for changes over time. The videotapes were analyzed and the teacher-

student interactions classified according to the observation scheme described previously.
Resuits

The results are summarized in Tables 2 - 9 below.
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Table 2.

The instructional functions served by each teacher’s classroom discourse. (Control

groups*)
Teacher 1
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)

Information Focus 26.4 28.9 15.6
Sequential Flow C 411 51.6 59.7
Elaboration 11.7 2.4 94
Modeling 0 5.1 3.9
Classroom Management 20.8 12.0 11.4

*Note. The lessons were approximately 40 minutes in length.

The second set of control group observations is summarized in Table 3. Teachers
in this group showed increased in sequential flow interactions and modeling interactions.
Information focus, elaboration, and classroom management instructional interactions all
decreased during the time of the study.

Table 3.

The instructional functions served by each teacher’s classroom discourse.
(Control groups*)

Teacher 2
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)
Information Focus 26.0 24.1 15.1
Sequential Flow 47.6 51.6 72.0
Elaboration 179 11.0 82
Modeling 0 6.2 2.2

?. 122




Classroom Management 8.5 7.2 2.5

*Note. The lessons were approximately 40 minutes in length.

The second classroom serving as a control for the investigation demonstrated
increases in sequential flow and modeling measures. Information focus, elaboration, and
classroom management interactions all showed decreases during the period of the
investigation.

Teacher 3, who made use of both the videotapes and the process skill activities
demonstrated interactions with students showed increases in elaboration, modeling, and
classroom management interactions. Over the period of the investigation, sequential flow
remained essentially unchanged (moving from 64.0 to 63.5 percent of observed
interactions over the period of the study). Decreases were observed in the construct of
information focus.

Table 4.

The instructional functions served by each teacher’s classroom discourse. (Both

treatments*)

Teacher 3
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)
Information Focus : 32.5 23.1 20.6
Sequential Flow 64.0 69.8 63.5
Elaboration 0.6 39 5.8
Modeling 0 2.0 1.1
Classroom 2.9 1.2 9.0

Management

123



*Note. The lessons were approximately 40 minutes in length.

Table 5.
The instructional functions served by each teacher’s classroom discourse. (Both
treatments*)
Teacher 4
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)
Information Focus 23.0 19.5 10.3
Sequential Flow 54.6 64.3 70.0
Elaboration 9.5 7.5 11.5
Modeling 5.0 0.9 1.0
Classroom 6.7 7.9 7.3
Management

*Note. The lessons were approximately 40 minutes in length.

Teacher 4 also made use of both the video materials and the activities.
Observations show an increase in terms of the sequential flow, elaboration, and

classroom management constructs. Information focus and modeling both decreased.

Table 6.
The instructional functions served by each teacher’s classroom discourse. (Activities
alone*) '
Teacher 5
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)

Information Focus 30.7 32.8 37.0
Sequential Flow 45.7 429 44.5
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Elaboration 10.6 18.4 11.1

Modeling 1.4 0.7 1.7
Classroom 12.2 5.1 5.6
Management

*Note. The lessons were approximately 40 minutes in length.

Teachers 5 and 6 used only the process skill activities to provide instructional
models for their students. In the case of Teacher 5, a 6.3 percent increase in modeling
utterances was observed, as well as smaller (0.5 and 0.3, respectively) increases in
elaboration and modeling. Sequential flow decreased slightly, and classroom
management utterances decreased by over 6 per cent.

Teacher 6 taught in a bilingual classroom. English was not used in classroom
instruction in science. For these observations, information focus remained constant over
the time of observations (including one dramatic drop before returning to pre-treatment
observation levels). Sequential flow and modeling both decreased. Elaboration and
classroom management interactions both increased.

Table 7.
The instructional functions served by each teacher’s classroom discourse. (Activities

alone*)

Teacher 6 (Bilingual)
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)

Information Focus 22 7.3 22
Sequential Flow 53.8 59.2 47
Elaboration 5.5 15.5 15
Modeling 14.3 6.8 7

125



Classroom 5.5 49 9
Management

*Note. The lessons were approximately 40 minutes in length.

Tables 8 and 9 present the instructional functions observed in classes that applied
the process skill activities alone. Teachers 7 and 8 made use only of the video materials
to expose their students to science process skills. For teacher 7, increases were observed
in information focus, (very slightly) in sequential flow, in elaboration, and in modeling.
A decrease in classroom management utterances was observed simultaneously.

Teacher 9, another bilingual teacher, made use of the video materials in a
classroom in which English was not used during instruction. Decreases were observed
during the study period in the areas of information focus, elaboration, modeling (and
slightly) in classroom management. A large increase in the sequential flow construct

(from 42 to 65.9 per cent) of utterances was observed during the same time frame.

Table 8.
The instructional functions served by each teacher’s classroom discourse. (Video
alone*)
Teacher 7

Pre-treatment Post-treatment Post-treatment

Observation Observation (1) Observation (2)
Information Focus 15.6 83 16.6
Sequential Flow 66.2 74.4 66.5
Elaboration 4.0 8.7 6.7
Modeling 2.0 0.6 4.3
Classroom 12.1 79 6.0
Management

*Note. The lessons were approximately 35 minutes in length.
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Table 9.

The instructional functions served by each teacher’s classroom discourse. (Video

alone*)
Teacher 8 (Bilingual)
Pre-treatment Post-treatment Post-treatment
Observation Observation Observation
(1) (2)

Information Focus 34.2 35 19
Sequential Flow 42 43.2 65.9
Elaboration 9.5 3 6.3
Modc_eling 8.2 12.1 32
Classroom 8.2 7.6 7.9
Management

*Note. The lessons were approximately 35 minutes in length.

Discussion
The essential areas of interest in this study were in three areas: to examine
changes in the elaboration construct, in classroom management, and whether an
optimum combination of video/activity experiences produces viable changes within the
above-noted classroom behaviors.

Table 10.

Summary of changes in teacher discourse

Treatment Condition Elaboration Classroom Management
(percentage change) Interactions
(percentage change)
Control (1) 2.3 94
Control (2) -9.7 -6.0
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Video/activity (1) 5.2 6.1

Video/activity (2) 2.0 0.6
Activities alone (1) 0.5 -6.6
Activities alone (2)* 9.5 3.5
Video alone (1) 2.7 6.1
Video alone (2)* -3.2 -0.3

Bold indicates the desired direction of the change in terms of improved classroom
experiences

*Bilingual classrooms

The findings of the study provide a number of points of interest for discussion.
Before addressing the general considerations, the results with respect to the research
questions will start the discussion.

The first research question looked for an increase in the bresénce of higher order
thinking skills as a function of the experimental condition. This construct was captured
by the elaboration category. There is support for this position during observation period.
The changes observed in the elaboration construct support this position. Each of the
~ experimental conditions demonstrated some increase in the presence of elaboration, save
for one classroom. The combination of video materials and activities were identified with
the increases in the construct of elaboration during the classroom interactions. In
- addition, the group that used the activities alone also demonstrated increases in the
frequency of the modeling construct during the observation period. Among the video-
only groups, an increase was observed in the English language group, but not among the

Spanish-speaking group. As the videos were produced in English, this finding is not
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surprising: This magnitude of this effect is compounded by the decrease in the frequency
of this construct over time in the control group. In sum, there is support for the position
that the use of the use of video materials, at least in terms of learners sharing the same
language as the models on the videos.

The second research question examined changes in the role of classroom
management concerns as a function of the instructional materials. From the data related
to this construct, there is no support, at this point to suggest that the infusion of the
materials at the beginning of the school year had lasting effects towards decreasing
classroom management interactions. The greatest decrease in classroom management
interactions, in fact, took place in the classrooms serving as the control for the
investigation. In fact, the video models of the activities could be argued to have had a
deleterious influence on classroom practices as demonstrated by the data presented. The
only instance in which a positive change in classroom management interactions was
associated with the use of the videotapes was with the bilingual class. The position with
respect to this research question is that there is no classroom management value
associated with the use of the video models.

The final research question sought evidence of an optimum combination of
conditions regarding the use of the instructional materials. The. data seem quite mixed in
terms of the findings. The most definitive statement that can be made is that students
benefited from the use of video, activities, and the combination of videos and activities
when compared to the control group—in terms of the elaboration construct.
Interestingly, the students in these classes also demonstrated the largest decrease in

classroom management-related interactions. Perhaps the role of modeling among
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students in the video and derived also from the classroom activities produces added
stresses to the teacher’s classroom interactions, resulting in a higher degree of
management-type statements from the teacher. In response to this research question, no
definitive answer has been obtained.

Teacher comments during post-study interviews provided both support for the use
of the materials and insights into the materials. Typical responses included:
e QGreat model for the children
e QGreat model for teéchers
e Discussions afterwards were very beneficial to children
e They showed real classes working
e Students [in the videos] explained the concepts
e Multicultural context [was helpful]
e Students were able to see examples of process skills being used by peers

These were consistent with what the developers of the materials had anticipated
would be the strengths of the video materials. The intent of modeling found a role not
only for the students, as had been anticipated, but in the comments of one teacher, in
served the purpose of modeling inquiry practices for teachers as well.

The weaknesses of the materials, as recounted» by teachers, included the
following:
e There were quite a few times we had to stop and explain to students. Some concepts

in the video were above their heads.

e There were not [any] weaknesses....I teach second grade bilingual, and ...the first

one worked great, even for the non-English speakers
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It is interesting that the teacher comments above, that “the first one worked great,
even for non-English speaker” was made, as one of the desired outcomes of the project—
that increases in elaboration-related interactions—was not observed in her classroom.
Teachers in the experimental groups consistently found that the video materials helped to
address their instructional needs, whether or not actual changes were observed. From this
perspective, if the materials give the teachers more confidence to teach science, then
instructional aides such as this might find an important home in classrooms where the
teaching of science is a less-than-universal experience. This was further expanded upon
by several teachers who stated that “more of the videos would be helpful” and a desire for
the materials to be offered in Spanish, as well as a set for multiple grade levels. Related
to the idea of more videos was one statement that more of the videos be produced so as to
be used throughout the year, as opposed to the intensive, one-week use applied in this
investigation. A further comment, echoing the request for more videos, suggested
further that they be developed to precisely complement the existing curriculum, as
opposed to a more general set of process skills videos.

Further investigation with materials of this sort are clearly warranted. Using the
same materials in a modified setting—e.g., using the videos with the classes, but spacing
the viewings several weeks apart might be helpful in producing more lasting effects.

Too, conducting obéérvations at more nominally “normal” times in the school year—
removed from testing and spring break—might demonstrate more worth for the use of
video modeling for process skills. Our work will continue to investigate the means by

which to optimize the time and science learning of students.
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SITE-BASED PROFESSIONAL DEVELOPMENT:
LEARNING CYCLE AND TECHNOLOGY INTEGRATION

Brian L. Gerber, Valdosta State University

Andrew J. Brovey, Valdosta State University
Catherine B. Price, Valdosta State University

Project Goals and Obiectives

Recent state and national reports verify the academic deficiencies of science students in
this region of the country and call for changes in the way science is taught. The Nation’s Report
Card, released by Education Secretary Richard Riley, tested the science understanding of
students in grades four, eight and twelve. Georgia students scored in the bottom 25% of students
in the 40 states tested (Henry, 1997). In Georgia, 51% of the students scored at the “below basic”
science understanding level. Moreover, 95% of African American students and approximately
95% of economically disadvantaged students (based on free or reduced lunches) performed
below grade level in science understanding.

According to 1989-90 census data, African Americans comprise 30-50% of the
population in 23 of the 50 Georgia counties surrounding Valdosta State University (VSU). In
another nine of these counties, greater than 50% of the population is African American.
Additionally, at least 30% of children (to age 18) live below the poverty level in 35 of these 50
south Georgia counties.

As a regional university of the University of Georgia System, VSU services the academic
needs of the south Georgia region. This region contains a high proportion of minorities and
students from economically disadvantaged homes. VSU must reach out to the science teachers of
this area to improve their skills if their students are to become productive and contributing

members of local communities.



According to the 1995-96 Georgia Public Education Report Card, the school district
participating in this project contains a high percentage of African Americans (66%) and students
qualifying for free/reduced lunches (78%). Two primary aspects of this project involved assisting
_middle school and high school science teachers of the district to 1) become knowledgeable and
effective with an inquiry based teaching procedure (learning cycle) which is consistent with both
state and national science education reform efforts (GIMS, 1996; NRC, 1996); and 2) obtain the
necessary experience and skills with instructional technologies to incorporate them into the
inquiry based teaching procedure.

Learning cycles consist of three phases: an exploration, a concept invention (also called
term introduction) and an expansion. The exploration activities, usually laboratory experiments,
provide students with the data needed to develop understandings of scientific concepts. The
teacher-led concept invention phase follows the exploration. In this phase, students are guided in
interpreting their data, thus inventing or constructing the science concept. As the students are
developing understandings of the concept, the scientific terminology is provided. Following
concept invention, the expansion phase provides for the application of the new concept; in other
words, students organize the concept in relation to what they already know. The expansion phase

of the learning cycle may include but is not limited to additional laboratory investigations,

* textual readings and/or audio visual aids. The learning cycle is an instructional practice that is

designed to allow for a variety of teaching methods (e.g., demonstrations, class discussions,
student presentations, field trips) and state-of-the-art science equipment (e.g., computers, CD
ROM, video technology).

The learning cycle is a laboratory-based teaching procedure derived from the intelligence

model of Jean Piaget (Lawson, 1995; Renner & Marek, 1990). Intellectual development,
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according to Piaget (1964), takes place when students assimilate information from experiences
(exploration), then accdmmodate the new information (concept invention). Previously held ideas
or concepts must then be adjusted and organized with respect to the new information
(expansion).

The results of past learning cycle institutes, sponsored by the National Science
Foundation, have documented long term changes in the teac.her partiéipants (Marek, Haack, &
McWhirter, 1994). The most significant finding from these studies is that 93% of the
participating science teachers continue to use the leaming' cycle teaching procedure and/or
curricula in their science programs nearly a decade after the institutes. Teachers stated that the
learning cycle teaching procedure:

e extensively involved students in the leaming process,

e produced deeper understandings and greater retention of concepts,

e developed students’ thinking and communication skills,

¢ included teaching science process as well as content,

e was based upon learning theory and supported by empirical data, and

e made science relevant and meaningful to students.

We expected this project to have a similar impact on the teacher participants and students
of these participants. In addition, this project was congruent with ﬁighly regarded science
education reform documents. Described below are the major ideas of NSES and Project 2061
that were directly associated with this project.

National Science Education Standards (National Research Council, 1996).

Teachers of science should plan an inquiry-based science program for their students,

guide and facilitate learning, engage in ongoing assessment of their teaching and of
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student learning, and actively participate in the ongoing planning and development of the
school science program. Professional development for teachers of science requires
learning essential science content through the perspectives of inquiry; requires integrating
and applying knowledge of science, learning, pedagogy and students; and must be
coherent and integrated. As a result of activities in secondary science all students should:
develop abilities necessary to do scientific inquiry and understandings about scientific
inquiry, and develop understanding of science as a human endeavor and the nature of
science knowledge. The program of study for all students should be developmentally
appropriate, interesting, and relevant to students’ lives; emphasize student understanding

through inquiry; and be connected with other school subjects.

Science for all Ar_nericans: Project 2061 (American Association for the
Advancement of Science, 1990). Learning is not necessarily a natural outcome of
teaching. Cognitive research strongly suggests that students know less than we think they
do following instruction. The quality of student understanding should be emphasized
rather than the quantity of information presented. Students must construct their own
meaning regardless of how clearly teachers or books tell them things. The dependence of
most people on concrete examples of new ideas persists throughout life. Students learn
most readily about things that are directiy accessible to their senses - tactile, kinesthetic,
visual, and auditory. Teaching should be consistent with the nature of scientific inquiry.
Science, mathematics and technology is defined as much by what is done and how it is
done as it is by the achieved results. Students must have experience with the thoughts and
actions prevalent in these fields. Teachers, therefore, should start with questions and

phenomena that are interesting and familiar to students, engage students actively,
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concentrate on the collection and use of evidence, provide historical perSpectives, insist

on clear expression, use a team approach, not separate knowing from finding out, and de-

emphasize the memorization of technical vocabulary.

The key concepts described above from the NSES and Project 2061 formed the
foundation of this project primarily through the use of the inquiry based, learning cycle teaching
procedure. It places the students at the center of their learning experiences, encouraging them to
engage in explorations, form new understandings and relate those understandings to other
concepts. Additionally, several other important dimensions were incorporated into this project.
These included the extensive use of technology in the learning cycle development sessions, the
use of experienced inservice teachers to model inquiry based science lessons, establishment of an
Advisory Panel, and extensive follow up and teacher support activities.

Proposed Activities

An Advisory Panel was responsible for the planning and implementation of the project.
The Panel consisted of a science teacher, scientist, educational technologist, and two science
education professors (one middle school and one secondary). The project included three phases.
The first phase of the project, Exploration Phase, was designed to allow the teacher participants
to explore the theoretical underpinnings of the learning cycle and experience the operation of a
variety of instructional technology equipment available to them at their schools. The second
phase, Application Phage, was designed to allow teachers to construct learning cycles and
integrate technology into their curricula. The third phase of the project, Follow Up Phase, was

one in which teachers applied the new found information and skills to their science curricula.

psd
o
12 o)




I. Exploration Phase

Twelve middle school and secondary school science teachers from the district
participated. For a period of one week in the summer, these teachers met five days from 9am to
3pm at the district high school or middle school. During the first one and a half hours of each
day, teachers met in seminar sessions. These seminars, led by science education professors, were
devoted to examining a) the structure of science; b) the nature of human learning; and c)
authentic assessment strategies for student evaluation in learning cycle curricula. The remainder
of each day was spent in two laboratory sessions led by other members of the presentation team
(teachers, scientist, education technologist). These sessions included technology laboratories,
designed to familiarize teachers with the use of a variety of educational technologies available to
them (e.g., computers, video technology) and how to incorporate these into their curricula; and
science laboratories modeling the learning cycle teaching procedure led by inservice middle
school and high school teachers experienced in the inquiry teaching procedure. The technology
laboratories were led by the technology specialist or inservice teachers experienced at
incorporating technology into the classroom. An important point to be made here is that each
learning cycle investigated (an) important and easily recognizable scientific concept(s). That fact
permitted the teachers in the workshop to review science content while they learned how to teach
that content using learning cycles. A scientist was on staff to monitor the accuracy of the science
content taught through the learning cycle demonstrations and acted as a science content reference
for the remainder of the staff and teacher participants. This phase of the project required teachers

to meet with project staff at least 30 hours over the five-day period.
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II. Application Phase

This phase began after the first two weeks of the start of school in August, 1998. Teacher
participants met with the project staff every alternate Saturday for 8 weeks from 10am to 3pm
(four total sessions over an eight-week period). These meetings took place in a science
laboratory at the district high school or middle school.

During the Application Phase, teachers received a copy of the leamning cycle science
curricula of their choice - biology, chemistry, physics, general physical science, life science,
earth science. In addition, all teachers brought their current science curricula so they could use
the learning cycle curricula as a model to integrate with their science curricula. During each of
these sessions, teachers in partnership with each other and the project staff, modified two weeks
of their science curricula into inquiry based lessons. Successes/difficulties associated with
implementing this inquiry-based curricula in their own science classrooms were discusséd.

This phase of the project required teachers to meet with project staff at least 20 hours
over the four meeting days. Communication with staff members, such as the scientist for
questions pertaining to content, was encouraged through the use of electronic mail.

III. Follow Up Phase

The Follow Up Phase occurred through the remainder of the fall semester and throughout
the spring semester. The Exploration and Application Phases of the project allowed teachers to
accommodate the inquiry based curricula and its theory base; but sound understanding comes
with using the learning cycle in their science classrooms during the ensuing school year.
Therefore, follow up meetings were a significant part of the project and occurred in many forms.

A member of the project staff observed each teacher in their classroom four times during

the Follow Up Phase. These four observations occurred once during each of the months of
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November, February, March, and April. Following each observation was an individual meeting
between the teacher and staff member to discuss the implementation of the inquiry teaching
procedure, incorporation of technology, assessment, or other factors associated with the
curricula.

In addition to these individual observations were two meetings with all teachers and
project staff members to share successes/difficulties and to brainstorm solutions to problems any
teacher may have encountered. These meetings took place after school from 3-5pm once in
February and again in April.

The follow up part of this project resulted in at least 12 hours of contact time between
each participant and the project staff. Total contact time with each teacher over the course of the
project was estimated to be at least 60 hours. Teachers received six staff development units and a
stipend of $100 for participation in this project.

Description of Participants

Teacher participants in the proposed project were middle school and high school science
teachers from a rural school district located in south Georgia. All were currently certified to
teach science or were seeking certification to do so. Science department heads for the high

school and middle school were a part of this group of teachers and participated in the project.

One school district was chosen in order to provide participants with a strong collegial support

network.
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Evaluation Procedures

A thorough evaluation plan was implemented to assess program effectiveness with
respect to teacher and student outcomes. The evaluation plan had substantial formative and
summative aspects and placed particular emphasis on the domain of cognitive and affective
development. Within these two domains, the evaluation instruments primarily measured: teacher
attitudes and pedagogy; and student attitudes toward science and understanding of science
concepts in general.

Results

Results of open-ended questionnaires administered to the teacher participants at the end
of the school year indicated they felt the use of the learning cycle teaching procedure and
integrating technology had important impacts on their students. Representative responses from
the teachers included comments such as, "Students have begun to ask "why?" They have begun
to look forward to class instead of dreading science/math activities.” "My students have begun to
think for themselves, and come up with their own explanations for various situations/events.”
When asked how the learning cycle approach has affected their interaction with students, the
teachers responded that they enjoyed a more positive and productive student/teacher relationship
since implementing the learning cycle in their classrooms. Typical comments included, "The
learning cycle has helped foster a good working relationship in which we learn from each other.
Creativity is at an all time high." "More movement and talking between us, but much more
interest and responsibility on their part.” "The learning cycle has had a positive effect on my
students. They enjoy the class more and look forward to activities in class."”

When asked about their self-efficacy as a result of incorporating the learning cycle and

technology in their classrooms, responses from the teachers indicated they felt they were doing a
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better job as a result of the project. Comments included, "More effective and with renewed
interest. I'm out of a rut and thankfully so. The students enjoy the day to day change." "My
students are retaining more information, which suggests to me that I am more effective in the
classroom. My expectations have increased.” "I feel more like the sign in my room which says
that the teacher in this classroom is a highly trained professional with the necessary skills and
motivation to manage an effective learning environment."

Discussion

This project involved middle school and high school science teachers in a 60-hour
collaborative project that spanned an academic year. The primary emphasis of the project was
the incorporation of the learning cycle teaching procedure and instructional technologies
available to the science teachers in the participating district.

Results of the project indicated that teachers felt that using the learning cycle and
incorporating technology where appropriate influenced current students, compared to those of
past years, to exhibit greater interest in science, ask more questions of the teachers, cause less
disruptive behaviors, and perform better on science examinations. The teachers themselves
indicated a greater self-efficacy, and a renewed interest in teaching.
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PROFESSIONAL DEVELOPMENT AS INQUIRY: THE ROLE OF
FORMATIVE ASSESSMENT IN PROFESSIONAL DEVELOPMENT

Doris Ash, University of California — Santa Cruz
Karen Levitt, Duquesne University
Lin Tucker, Cambridge Public Schools

Background

Professional development efforts in science education have emphasized the workshop
experience where teachers and professional developers alike learn new skills in order to
infuse their practice with current thinking. These experiences are often "one size fits all"
(Ball & Cohen, in press) but seldom are situated within an ongoing context of professional
practice. It can be argued however that research on teaching practice is best served by
"helping teachers reflect on their own beliefs, personal knowledge, and practice”
(Richardson, 1994, p.9). Such reflective practice can be advanced by both in-service and pre-
service teachers and by professional developers by using formative assessment as part of
ongoing research into Feaching and learning (Ash, Tucker, Austin, Ferguson, Kraft, & Heller,
1999).

Much has been written about the importance of formative assessment for gaining
better understanding of student progress (Black & Wiliam, 1998), but less attention has
focused on the efficacy of formative assessfnent as a mechanism for professional
development, specifically for enhancing teacher pedagogical strategies and as a sensitive tool
for self-reflection. Ash, Levitt, and Tucker have found that formative assessment is a
powerful motivator for reﬂective change in teaching science via inquiry. Their work is
situated in the context of practitioner-based research where teacher and professional

developer together collaborate in ongoing formative assessment of teaching practice.
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The work of the three authors vis-a-vis formative assessment, inquiry, and
professional development can be characterized as teacher and professional developer inquiry
into practice so that the "practitioner draws inferences based on his or her own experience
and applies it in context" (House, Mathison & Taggart, 1989, p.15) in order to inform
pedagogy.

Theoretical underpinnings

Vygotsky (1934/1986) and the notion of the zone of proximal development, as well as
the work of Newman, Griffin and Cole (1989), provide the theory that informs this work. We
propose that a reciprocal and mutual interaction occurs between the ‘teacher and learner’ as
they work together so that that each is changed within a zone of interaction between them. In
short, both the ‘teacher’ and the ‘learner’ inform the other in substantive ways so that both
act as teacher and learner in mutual appropriation of ideas and actions (Brown, Ash,
Nakagawa, Gordon, Rutherford & Campione, 1993).

We suggest that formative assessment (assessment that informs learning) (harlen,
2000)occurs within zones of proximal development. "A zone of proximal development is the
region of activity that learners can navigate with aid from a supporting context, including but
not limited to people. It defines the distance between current levels of comprehension and
levels that can be accomplished in collaboration with people or powerful artifacts. The zone
of proximal development embodies a concept of readiness to learn that emphasizes upper
levels of competence" (Brown, et al., 1993; Vygotsky, 1934/1986). Formative assessment
can Be used by both the learner and the teacher to understand the gap between the learner’s
current and potential levels of understanding. In turn, the teacher and the learner can plan for

strategies that will help the learner move toward their upper level of understanding.
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We argue that there are numerous parallels between the use of formative assessment
by teachers and by professional developers. In both cases, the process is a self-reflective one.
In classrooms, teachers find that formative assessment propelled their own professional
development in tandem with the development of their students. In many ways, teachers were
self-monitoring their practices through th§: lens 'of assessing a child's understanding. The very
same thing can be said when we examine cases of professional developers working with
teachers in either preservice or inservice settings. Their increasing understanding of student
work informed a mutuality of perspective in which both the teacher and student grow
according to their abilities. The theoretical perspective taken from Vygofsky (1934/1986)
suggests that learning is interpreted as part of a social cultural process where the interaction

between the entities is the focus rather than either of the actors per se.

Figure 1
The Environment for Teacher Reflection and Growth
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In Figure 1, the teacher is at the center of an environmental system that includes constant
interaction with other elements so that each action by the student/learner and teacher informs
other parts of the system.

Working in the Zone of Proximal Development (ZPD)

We interpret this ongoing and dynamic change with the system as occurring within
the zone of proximal development (zpd). As teachers (or professional developers) look at
learners' work in more detail, they begin to see a 'mismatch' between what they expect the
student can actually do and the original purpose of the material taught. The more closely the
teacher uses formative assessment to advance student learning, the moré apparent these
differences can seem. These discrepancies highlight the need for consistency between
expected and actual student understanding. The teacher/professional developer must either
change expectations or change teaching practice. This striving for consistency informs
teachers' practice.

As professional development, the use of ongoing formative assessment allows the
teacher to delve into his or her own practice in a way heretofore not considered. The use of
new methodologies, such as video as reflective tool, allows teachers to better understand
their role in the complex mutual interaction with the student. Using formative assessment
with students allows the teacher to reflect critically on their own understanding, as well as to
reflect on their own practice, as part of a unit of mutual growth. This feedback loop of
student change and teacher change propels each forward.

Based on her work at the Exploratorium with teachers using formative assessment,
Ash has outlined a proposed developmental trajectory of teacher growth over time. This

trajectory is outlined briefly in the following four steps:
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1. Examine student work closely.

2. Begin to see the gap between reality and expectation, either in expectation, ability or overall
goals.

3. Self-reflect, looking at own practicé to begin to adjust pedagogy, either the requirements of the
task, providing student aid or reevaluating goals of task.

4. Continue to self-reflect and adjust to constrain tasks and/or expectations according to the
student’s ability, which mbves student forward towards desired conceptual goals in ongoing
mutual growth for the student and the teacher.

Three Case Studies

Three cases are presented in this paper to illustrate the use of formative assessment as
professional development. Each case is presented through the framework outlined by Ash to
describe the growth experienced by the teachers. The three cases include
1. Teacher researchers simultaneously examining their own change and student change using
student questions as a focus.

2. Teacher mentors and pre-service teacher collaboratively examining the pre-service teacher
skills’ to inform each teacher’s practices.
3. Teacher researchers using student work as a focus for professional development.

"Case 1: Using questioning as the focus for formative assessment in teacher research

As part of a teacher research group working at the Exploratium (CA), Ash studied
elementary teachers engaged in classroom-based research using inquiry to teach science. In her
analyses of teacher change, Ash emphasizes the use of teacher questioning (van Zee, Iwasyk,
Kurose, Simpson & Wild, 1997) as a mode of formative assessment of student understanding.

Doing formative assessment through questioning allows the teacher or professional developer to




reflect critically on their students’ understanding as well as to reflect on their own practice as part
of a unit of mutual growth. This feedback loop of student change and teacher change propels each
forward. Each of the participating teachers examined students’ work closely, specifically
students’ development of the skill of asking questions as the focus of their inquiry.

Examining students’ work more closely. The first step includes teachers looking closely

at student work via a variety of methodologies. In this case, teachers examined student questions.
I practice active listening to the children's responses, since their questions often come in
the form of statements. Then it’s up to me, the teacher, to help turn their statements into
investigation questions by asking things like "Do you mean...?" or "Is this what you are
asking?" I acknowledge and record all of their questions.

While watching the children explore, I encourage them to ask questions about

whatever seems curious to them. Because students often have difficulty asking questions,
I support them in various ways. For example, I do a lot of modeling. I also ask a lot of
open—ended questions, such as: "Can you tell me what you are trying to find out with this
instrument?” or “Is that what you expected to hear?”” Eventually, the children get used to

hearing the kinds of questions that can lead to investigations. Teacher 2, WC, 2™ grade

Seeing the gap between reality and expectation, either in expectation ability or overall

goals. As teachers observed students’ ability to raise questions, inevitably they found ways to
assess them in order to devise a way to improve their development.
I always start by modeling how to ask questions that can be investigated, and how to lookl
at a list of questions and eliminate some or re-word some that can't be investigated easily.

By inviting students into the process of recognizing questions that can be investigated, I
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found that I help them to be better questioners, yet to also do investigations based on their

questions and get to the content I am responsible to teach. Teacher 2, WC

Explicit lessons modeling questions meeting the criteria for rich investigations helped
students focus and evaluate their questions. The group process of developing and
evaluating questions led to more complexity and richness. Guiding students to look back
at questions after investigations were.reported helped them learn from their experiences

and those of others. Teacher 4, JH, 5t grade

In designing investigations, I start with one of the questions and show the class how to
tumn it into an investigation by identifying the variables and then isolating one variable.
Then students expanded that variable and decided how all the others could be kept
constant. The students then used their own question to turn into an investigation. They
write their investigation in their logbooks, record the procedure they might use, lis't

materials and form a hypothesis. Teacher 3, JL, 4™ grade

Begin to adjust pedagogy; either the requirements of the task, providing student aid or

reevaluating goals of task. As their assessment of students’ understanding increased, they

began to match next steps to these students’ perceived needs in a formal and explicit way.
Allowing adequate refection time following each exploration promotes the analysis that
will lead to questions developing from genuine curiosity. Through my experiences, I
found that the most authentic questions, those arising from true curiosity, were to be

captured during these explorations or in the reflections that followed. Teacher 3, JL




It would be valuable to explore the optimum mix of guided explorations and self-planned
investigations. These children had very few self-planned experiences: just one at the end
of each major unit. The guided experiences seem critical to developing background and
opening the content to tl_lem to provide a context for questioning. The self-planned
experiences are very time and energy consuming, and I found it difficult to find the time
for them. Looking back, I sense that the self-planned investigations were one of the most
influential factors in ‘making the process of questioning have meaning for them. The
simple guidelines and rubric posted in the room helped students understand that there are
levels of questions. It seems that more of these experiences, even short, two-day

investigations, would promote more skill in questioning. Teacher 4, JH

Beginning to constrain tasks and expectations according to students' ability in

ongoing mutual growth and that lead towards desired conceptual goals. Growing more

explicit in their ability to help shape students’ development, teachers understood that they

could constrain the task to maximize understanding in certain areas.
Afier the explorations with sound we have generated many questions. We have reworded
some of them, and there are many that overlap in how they relate to the concepts. So I
have learned to constrain and refine the questions. I group their questions into similar
categories. So if initially there were 12 or 15 questions about sound from the children, I
do an intermediate step to group some of these questions because I know what concepts I
need to teach. I work together with the students to re-word some of the questions so the
students still have ownership over the questions they get to choose to investigate. We do

this by doing a lesson on how to sort questions into different groups.




By working with the children to narrow down those 12-15 mixed questions to
about 4 or 5 more directed ones, I know I will be able to draw the content out and to
make it more meaningful when the children have discussions at the end of their
investigations. I have learned over the years that by narrowing down and re-wording
some of their questions, the discussions at the end is richer, and although the children are
working on different questions, they discover many of the same concepts because the
questions overlap.

This way, children are more self reflective when they ask questions, they know
what questions are, which questions will lead them to doing tests, which question would
be more like a reference kind of question, which questions we can easily answer with a
yes or no, which ones that maybe are too big because we don’t have the materials or seem
too difficult unless we can change it somehow. Teacher 2, WC

Case 2: Using formative assessment of the teacher candidate as professional development for

the mentor teacher and the teacher candidate

In a different context, Levitt worked with teacher candidates from three universities
(Duquesne University, Carlow College, and the University of Pittsburgh) who engaged in
formative assessment of their developing skills of teaching through inquiry. Collaboration
between the teacher candidates and their mentor teachers as professional developers around five
specific skill and knowledge areas deepened all teachers’ understanding and practices of inquiry
in the classroom.

During the 1999/2000 school year, thirteen teacher candidates and their cooperating
teachers participated in a field test for an Inquiry Science Endorsement for the teacher

candidates. The Inquiry Science Endorsement was initially conceived and designed to assess the
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teacher candidate’s ability in five skill and knowledge areas of the teaching of inquiry science.
However, the Endorsement became a vehicle for self-examination and reflection for both the
teacher candidate and the cooperating teacher, resulting in meaningful professional development
for both participants as related to the teaching of inquiry.

A significant part of earning a certification is the evaluation process. Much has been
written about the evaluation of teachers (Danielson, 1996; McGreal, 1983; Peterson, 1995).
Traditionally, in the supervisory relationship, the assessment is summative in nature, not
allowing for feedback and subsequent growth. However, adult learning theory provides
evaluators with the framework for designing evaluations that are both formative, allowing
teachers to learn from the evaluation process, yet are ultimately summative, providing
information for the purposes of making decisions about the teacher candidate. In gﬁiding teacher
candidates, it is important that evaluation be oriented toward growth of the individual, meaning it
should be formative in nature so that the teacher candidate can learn from the process and
continue to develop towards established competencies representing exemplary performance.

What emerged in the research of 1999-2000 was a deepening of understanding of inquiry
for both the teacher candidate and the mentor teacher. As stated earlier by Ash, “doing formative
assessment allows the [mentor] teacher to reflect critically on their own understanding of inquiry,
as well as to reflect on their own practice, as part of a unit of mutual growth. This feedback loop
of teacher [candidate] change and [mentor] teacher change propels each forward.” A case study
of Barb, the mentor teacher, and Jen, the teacher candidate, demonstrated this recipfocal growth
that resulted from their participation in the process.

At the beginning of the semester, Barb and Jen discussed each skill in the Endorsement in

order to come to a mutual understanding of the skill and the related criteria for achieving
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mastery. Barb stated that reviewing each skill with Jen “heightened her awareness” of each
element of the skill area. After reviewing the document, she found that while she was teaching
she would recognize a specific skill that shé and Jen had discussed and often wanted to stop in
the middle of a lesson and point something out that she had done that was an example of the
criteria. Sometimes, she would pull Jen aside during the lesson she was teaching to reflect on the
actions she had been demonstrating. She believes that participating in these conversations with
Jen and modeling the skills “pushed buttons” in her own practice in areas that she may not have
otherwise explored, thus causing her to develop these skills even further.

For Jen, as she spent time observing Barb teach, she asked herself “How did I see this
skill in Barb’s teaching?” After the lesson, she and Barb discussed the lesson, providing
opportunities for Jen to reflect on and learn from someone else’s teaching. When it was Jen’s
turn to teach, she felt her lessons flowed “more smoothly” and that she knew “this is what I have
to do and what I have to do next” because the skill had been modeled for her and specific criteria
had been established that provided her with a framework for her lesson. Ultimately, Jen said she
was more “in tune” to the different skills necessary for teaching through inquiry because her
reflection centered around her work in an actual classroom, rather than in the contrived context
of a methods class. Therefore, the teacher candidate’s growth was grounded in the actual events
of teaching. The formative assessment that occurred in the context of the Endorsement made the
teacher candidate, as well as the mentor teacher, more aware of their practices and enabled both
of them to extend their understanding of and subsequently modify their practices.

Examining students’ work more closely. Applying Ash’s trajectory to the teacher

candidate/cooperating teacher relationship reveals similar patterns of action that result in

professional growth. For this relationship, the process begins with the mentor teacher examining
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the work of the teacher candidate more carefully. The Endorsement provided a lens for
thoughtful analysis of the teacher candidate’s practice, describing, interpreting, and critiquing
events of teaching and learning. According to Barb, the Endorsement served as a neutrally
agreed upon set of standards and validated the important skills of inquiry while, at the same time,
increased the teacher candidate’s comfort with the skills because they had been determined by
“others.” This minimized the dilemma often faced by the teacher candidate between teaching
according to what they learned in courses and teaching in a style that pleases the mentor teacher.
Initially, Barb observed Jen’s overall teaching ability in science while keeping the required skills
in the forefront of the observation.

Beginning to see the gap between reality and expectation, either in expectation ability

or overall goals. As a result of the observation and subsequent discussion, the mentor teacher

and the teacher candidate began to see the gap between the teacher candidate’s performance
and the criteria as outlined in the Endorsement, either in expectation, ability or overall goals.
For example, Skill #3 of the Endorsement is “Implementing an Inquiry Lesson.” Within this
skill, several of the criteria include the use of questioning as a strategy consistent with the use
of inquiry. Evidence that the student teacher has mastered the skill includes posing questions
and using open-ended questions to further student understanding. In reflecting on several of
“Jen’s lessons, Barb and Jen determined that Jen was not yet demonstrating this evidence.
According to the trajectory, the cooperating teacher should then look for ways to help the
teacher candidate improve. In this case, the Barb referred back to lessons that Jen had
observed her teach to provide examples of the criteria in action. Additional modelling of the
questioning skills, by Barb, in science and in other subject areas, served as an intervention

strategy.
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Beginning to adjust pedagogy; either the requirements of the task, providing student

aid or reevaluating goals of task. Because the skills of the Endorsement can be demonstrated

any time during the student teaching semester, the teacher candidate has the opportunity to
continually improve their skills. Jen taught additional science lessons focusing on the skill of
questioning. At this point in the trajectory, the mentor teacher begins to adjust pedagogy
either the requirements of the task, providing student aid or reevaluating the goals of the task.
Because the goals are standardized for all of the participants, the goals of the task could not
be modified. Therefore, the subsequent course of action for the mentor teacher was to adjust
pedagogy and/or to provide additional aid to the teacher candidate. This aid can come in the
form of very specific suggestions that help the student teacher to bridge the gap between their
original skill level and the desired goal. For example, Barb provided Jen with a written guide
for developing specific types of questions. The guide provided question stems that Jen could
use to plan the questions she might ask during her lesson. Jen used this guide as the next step
in her development of this skill.

Begin to constrain tasks and expectations according to students' ability in ongoing

mutual growth and that lead towards desired conceptual goals. To further promote growth,

the mentor teacher begins to constrain tasks and expectations according to the teacher
candidate’s ability. In Jen’s case, through reflection on her lessons, she and Barb agreed that
Jen needed to reexamine specific questions that would “open up” the lesson and move away
from “dead end” questions, as Barb called them. Barb became more aware of her own use of
these questions and noted them to Jen in the course of her lessons. Then, with more planning
for open-ended questions, Jen was able to integrate these questions into her lessons and

encourage participation from more students through her developing skills.
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Case 3: Looking at student work as formative assessment in ongoing professional

development in classroom practice

Tucker, a professional development specialist in Cambridge (MA), used a series of
protocols that allowed teachers to look at student work in structured ways. As a result, she
suggested that using formative assessment to look closely at student work deepened the
teacher’s understanding of the need to change practice in order to improve student learning.
Again, in this case, formative assessment was used as a vehicle for professional development.

Once more, parallels exist between Ash’s trajectory and the professional development
of Annette, one of the teachers participating in Project ASSIST. Project ASSIST was a three-
year program around inquiry based learning and collaborative assessment of student work.

Examining students’ work more closely. Initially, teachers examined student work closely. In

Project ASSIST, the student work was examined collaboratively with colleagues. Annette believed that
examining the work collaboratively opened her eyes “a little bit more.” She described an instance when
she examined a piece of student work and did not feel that the student demonstrated understanding, but
when a colleague looked at the same piece of student work, they saw some indication of understanding
that perhaps she had overlooked. The example Annette used was teaching students about scientific
drawings. At this point, she began to adjust her thinking: “The students are not doing anything wrong.
They’re there just waiting for the opportunity...” In the following stage, Annette uses the feedback from
her colleagues and her own judgments to examine the gap between her expectations and the reality of the
student’s work.

Begin to see the gap between reality and expectation, either in expectation ability or

overall goals. According to Annette, the purpose for closely examining student work was to
“see what a student put down after a lesson compared to what we wanted.” Examining the

students’ work compelled Annette to “really look at what a student was learning about an
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experiment...and then just being better able to plan the next lesson, and be O K, ready for it.”
The example she continued to use was teaching the students about scientific drawings.
Annette described the students’ tendency to “fictionalize” the drawings rather than include an
accurate depiction with scientific information and appropriate labels. In Annette’s words, she
“began to see the gap because teachers are not always as clear as they think they are being.
Sometimes it is not really clear to the teacher. O.K. what do I really want them to get out of
this lesson? I can’t expect them to get anything from this unless I’m clear about it. So if I'm
clear about what I’m hoping they pick up through this experience, then I have a better chance
for them to be clear about it.” This clearly demonstrates her profound awareness of the gap
that existed between the teacher’s expectation and the students’ reality.

Begin to adjust pedagogy; either the requirements of the task, providing student aid or

reevaluating goals of task. As a result, Annette described several strategies she had for

adjusting her pedagogy to help move the students forward. First, Annette described how she
modeled and discussed how scientists use these drawings. She did one drawing together with
the class, modeling “how scientific information is part of the drawing, not “fictional”
drawings.” She instructed her students to draw the picture so someone else, like the principal,
would understand it. She provided specific questions for students to answer, for example,
about their worm. Furthermore, she stated, ‘I had to be far more thoughtful about what I was
teaching.” She described how she used the opportunity in writing workshop to improve the
recording of information, to encourage students to put accurate information in a format that is
understandable. In addition, Annette employed a strategy involving her colleagues. Using her
colleagues, she asked the question “Can you help me think about how I might get this child

from point A to point B?” further adjusting her pedagogy to help students.
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Begin to constrain tasks and expectations according to students’ ability in ongoing

mutual growth and that lead towards desired conceptual goals. Annette provided several

examples of constraining the task and expectations according to the students’ ability.
“Rewording a question, using different technology, if it means putting them at a computer or
putting them in front of a tape recorder or having someone scribe for them, that you come to
assist their particular need and they feel successful because they’re able to get everything out
and people know what they know about science” are some of the strategies she outlined.

Annette described the ongoing mutual growth that she experienced throughout her
participation in Project ASSIST. “[Formative assessment] becomes your new pedagogy. An
amazing opportunity for reflection...I think it’s clearly a teacher reflection time, O.K. reflect
on your own pedagogy. Consider what you are teaching. Consider the learning styles.
Consider the assessment tool...I’m assessing the child after each lesson so that I don’t have
to wait until the end or the until...How can I then in the next lesson help this child to get this
idea in the next lesson?”

Tucker (1999) suggests that: "looking at student work to understand what students
understand collaboratively met the characteristics of the best professional development.”
These characteristics include teacher choice and control; complex work within a safe

| framework; multiple viewpoints; concrete; and relevancy.
1) Teacher choice and control
Not all teachers had the same belief systems. Teachers [had] the structured and safe
environment that the protocol created [and] could hear and discuss other ideas. They could
also choose [from] among those ideas that they wanted to test, in whatever way they wanted

to test them,
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2) Complex work within a safe, framework

Changes in thinking about objectives and designing assessments to reveal particular student
understanding presented required greater depth of understanding and presented greater risks;
3) Multiple viewpoints

These small successes seemed to bolster teachers’ confidence in their ability to affect change
in student performance. Changes in thinking about objectives and designing assessments to
reveal particular student understanding presented required greater depth of understanding;

4) Concrete

It forced teachers to think more deeply about what they wanted students to understand and
how they could present evidence of student understanding to others.

5) Relevancy

As they [teachers] struggled to discuss student work objectively, teachers began to see more
of what students actually revealed in their work and to question how it aligned with their
teacher objectives. Many realized that they had no deep objectives of their own but to "teach”
the science unit orlesson. The lack of clarity and understanding of the science concepts by
the teacher affects student learning.

Using formative assessment as professional development incorporates these best
practices of effective professional development. Furthermore, these five characteristics are
readily apparent within the trajectory outlined at the beginning of this article.

The same occurs for professional developers who examine teacher change over time.
But in this case, the inquiry is into teacher change. According to Tucker (1999), “Using
formative assessment to look closely at student work student protocol "worked to deepen the

teachers’ understanding of the relationship between teaching practice and student learning
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and to use change in teaching practice to improve student learning. It worked for me [Tucker]

in a similar way — to deepen [my] understanding of the relationship between teacher practice

and student learning and the relationship between professional development and teacher

change." The elements of the inquiry/formative assessment cycle remain constant except that

in each case the action taken depends on the kind of evidence gathered by the researcher. In

the cases of student and teacher, there is an element of active reflection on work done and

action taken to affect change.

Table 1 Parallels Between Student Inquiry and Teacher Formative Assessment

Inquiry Process

Student inquiry

Formative assessment

» Explore materials and/or behaviors

(concrete and observable)

* Examine record of student performance

or work (concrete and observable)

* Raise investigable questions

* Raise investigable questions (including

what and how to assess)

* Plan, test ideas, experiment (with
materials, creating whatever jigs and tools

needed to carry out the investigation)

* Plan, test ideas, experiment (with student
work, creating assessment prompts,
recording forms, or situations needed to

carry out the investigation)

* Collect and analyze data (measurement
and/or observations, creating graphs,

tables, or charts, and tools as needed)

* Collect and analyze data (student work,
creating record keeping and analysis tools

as needed)

* Draw conclusions backing them with

evidence of data.

* Draw conclusions backing them with

evidence of data.

* Raise new questions

* Raise new questions




Discussion

Taken together, these three cases of professional development move beyond the
current interpretation of professional development in the sciences and mathematics (Loucks-
Horsley, Hewson, Love & Stiles, 1998). The particular relevance of this work to science
teacher professional development lies in better understanding how formative assessment acts
an effective strategy for ongoing professional development for a wide range of teaching,
from pre-service to experienced teachers, to university personnel. The use of formative
assessment is a strategy that models reflective practice and mutuality of perspective based on
Vygotskian theory.

In the three different contexts presented in this paper, teachers and professional
developers found that formative assessment propelled their own professional development in
tandem with that of their students and/or peers. A developmental trajectory was proposed and
developed based on the data from the three science education reform efforts. This process
assumes teachers grow professionally when they are aware of how they are actually teaching
and have an opportunity to study and modify their practices in the interest of student
learning. Examining the subtleties that distinguish teaching science through inquiry, the
profesgional developer and the teacher, the mentor teacher and the teacher candidate, and the

“teacher and student experience ongoing mutual growth that leads toward the desired goals.
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A COMPARITIVE ANALYSIS OF SCIENCE TEACHER EDUCATION
IN GLOBAL COMMUNITIES

Pamela Fraser-Abder, New York University

As we enter the 21 century, several issues nee to be addressed if we are to provide
professional development for science teachers that is successful, appropriate, effective and have
a long term effect. The first issue is diversity — the need to educate an increasingly diverse
student population with different cultural perspectives, experiences and expectations of
education, different styles of learning and behavior, and parents who bring differing views of
teaching and learning to our schools.

Another major issue is enhanced goals as proposed by national standards and the global
move supported by the UN at the Beijing conference towards scientific literacy for all.
Achievements of these goals require that teachers know their subjects in-depth and know how to
teach them to diverse learners. The attitudes skills and knowledge required by teachers to
achieve this new vision for science education is both broad and deep requiring science teacher
educators to re-evaluate their models for professional development, since clearly the traditional
models for professional development are inadequate for helping teachers to achieve the goals of
scientific literacy for all.

As noted by Loucks-Horsley et al. The current state of professional development
includes:

(a) Significant numbers of teachers who have few or no professional development opportunities;



(b) A large percentage of the opportunities in the form of workshops, courses, and institutes that
may not be appropriate to the learning goals or provide sufficient support over time for
teachers to apply what is learned in classrooms;

(c) A focus on individual development, one teacher at a time, without attention to organization
development; and

(d) Some pockets of innovation but with minimum means for greater impact both within their
own system and beyond. (Loucks-Horsley, et al. 1998).

Designing and implementing meaningful, effective professional development initiatives
for science education is complex and fraught with many barriers and pitfalls. However, there
exists a strong knowledge base and a great deal of consensus about what constitutes effective
professional development, unfortunately there is a gap between knowledge and practice.

According to Loucks-Horsley et al (1998) one major reason is the lack of rich
descriptions of effective programs constructed in various contexts addressing common
challenges in unique ways.

Purpose

This paper is intended to provide a description of the practices and issues that arise
during professional development of science teachers in a global context. It is both a description
of science teacher’s pducation models and a discussion of the issues that arise during
professional development of science teachers. It provides a rich description of the
socioeconomic and cultural contexts and challenges in teaching science, providing descriptions
by experiences professional developers and researchers about ways in which they address the

many barriers to effective professional development.
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Professional development in science education is an area that has, to some extent, been
investigated in isolated units in specific countries. However, we have not, as educators done a
comparative analysis of what issues and perspectives arise during professional development for
the teachers. The following will provide a comparative analysis of what issu¢s and perspectives
arise during professional development for teachers of science in many parts of the world.

The paper will investigate the following questions:

e Are there differences and similarities in the way professional development is conducted in
global communities?

e What are some of the contextual factors in professional development?

¢ What are some of the cultural issues that arise?

e Are there equity issues that have to be considered as science teacher education models
evolve?

e What science teacher education models are being used globally?

¢ What are the measures of suc;:ess?

¢ Are these models country specific, or can successful models be transposed from one country
to another?

¢ How can we share our successes and alert others to the courses of our failures?

This paper will address these and other issues and will serve to expose science teacher
educators to a global view of professional development and to some of the research, which has
been conducted during the development of these models. Each section addresses specific issues
in one or a group of countries. The authors are either science teacher educators who are residents

of the country of have been involved in research studies in these countries.
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A Global View of Professional Development

England and Indonesia

The role of in-service professional development of science teachers in large-scale
changes in teaching practice is examined. Educational research has been remarkably successful
in showing how the fundamental work of psychologists, philosophers, and sociologists can be
translated into practical classroom procedures, which improve the immediate quality of learning
and the long-term effects on students’ life chances. This work has, however, too often been
limited to lab school experiments conducted at a few sites and has failed to take off into large-
scale implementation — for example through adoption by school districts. Blame for this failure
of the educational system as a whole to realize the benefits of well-researched practice may be
placed on: the researchers, concerned with .academic publication andlmoving on to the next new
work, or on their failure as publicists; on the conservatism of teachers and school managers; on
short-sightedness of politicians concerned more with elections a couple of years away than with
benefits to the society which may not show up for 10 years; or, inevitably on lack of funding. At
different times and in different places probably all of these accusations can be justiﬁed, and may
be summarized as the inertia of the system, like a massive tanker whose direction cannot be
changed by a few speedboats of research.

In this section the author describes two related but remote examples where a speedboat,
persistence over many years and attention to publicity and multiplier effects, has systematically
shifted a tanked of practice. In particular it will focus on the multiplier effect of é professional
development program for teachers and for trainers in which in-service work (when a trainer goes

to the teachers’ class and supports the teacher as he or she introduces new teaching methods with
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their own pupils) plays a critical role. In Indonesia and in the UK we have been working with
“inservice-onservice” models of professional development of teachers for nearly twenty years.

It proves to be a powerful model for effective professional development, since it
overcomes the well-known problems of transferring skills learned in a professional development
center to the actual classroom. There is, however a number of problems associated with the
system. One is the cost of providing a trainer to giver personal support to each teacher in their
schools, especially when schools are in remote locations (as is common in Indonesia), and
another is the adequate preparation of trainers and the establishment of an effective method of
coaching teachers which is neither ‘inspectorial’ nor simply a demonstration by the instructor of
a teaching method.

The author describes more fully the form of the inservice-onservice model, and strategies
for overcoming problems associated with it in Britain and in Indonesia, and also techniques for
evaluating the effectiveness of the professional development in terms of improved by school
students.

Canada

In this section the author focuses on the history of Science Education in Canada and the
effect of language of instruction, local autonomy, religion, equalization of funding and
accessibility, communication, vocationalism, and diversity on science teacher education; the
effect of the TIMMS report on science teacher professional development ;md certification and
the Pan Canadian protocol for collaboration on school curriculum informed by the vision for K-
16 scientific literacy and the development of teacher education models to achieve this goal. The
author examines the differences an dissimilarities in the way professional development is

conducted in the provinces, the cultural and contextual factors involved in professional

69

[N



development. He will share successes and alert others to the causes of failure during
professional development of science teachers.
England

Shortly after coming to power, the Labor government set out a plan to train ‘Advanced
Skills teachers’ who would have a ‘key role to play in raising standards by supporting and
mentoring trainee teachers and newly qualified teachers’. The UK Teacher Training Agency
(TTA) has outlined five standards for subject leaders (that is to say, heads of department and
primary teachers responsible for a subject) ‘which set out the knowledge, understanding, skills
and attributes’ which ‘define expertise in subject leadership and are designed to guide the
professional development of teachers aiming to increase their effectiveness as subject leaders. ..’
‘Key outcomes of subject leadership’ include ‘teachers who: work well together as a team;
support the aims of the subject and are dedicated to improving standards of teaching and
learning. The standards are difficult to make operational and unproved, particularly those
relating to teacher development and should be regarded as, at best useful pointers for discussion,
and at worst, as naive and distracting state interventions. Mandatory appraisal for teachers was
one strategy brought in recent years in order to make teachers observe each other and talk

specifically about development. However, even its supporters in government recognized that

" appraisal has failed to gain universal approval in schools because it often fails to address

teachers’ needs adequately. The emphasis in appraisal has too often been the institution and not
the individual. A second issue has been the inappropriate and inadequate nature of staff
development available for teachers.

Science departments are often faced with a number of problems which are external to the

school but which need to be understood by heads of departments. Firstly, school science is often
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perceived as a whole by outsiders who are ignorant of the differing cultures, histories and
traditions of the separate sciences and of the strains placed on science departments by the move
to integrate science. Secondly, teachers with a limited knowledge of science often end up
teaching science, particularly to younger students in secondary schools. Thirdly, the gender
nature of science-physics has been seen as a ‘masculine’ subject — biology as ‘feminine’ — has
often resulted in a gender imbalance in subject choices and in the gender mix of departments.
Germany

German scores in the middle of the field of all countries, which participated in TIMSS 1I
and III. The fact that a country with one of the world’s strongest economics is not among the
upper group produced an intensive discussion about possible deficiencies within the educational
system. Most comments on the TIMSS results point to a variety of reasons that could have
caused this situation. For the elucidation of the main critical aspects, characteristic features of
the German system of professional development in Science Education will be described and
some problematic elements will be presented.

The most remarkable characteristic feature of the German system that is quite different
from teacher training programs in other countries, is the great amount of subject studies students
are obliged to do. Because of these demands many students need a lot of time for their studies.
The average duration for physics students is 13 semesters (one semester =15 weeks). A critical
point in all discussions about changes that are necessary, therefore, is the following question:
What is an appropriate subject knowledge prospective teachers should have in order to be able to
link this knowledge with pedagogical ideas on the one hand and to teach elementary topics in
science from a high level of competence on the other? Another organizational peculiarity of the

German system is the separation of a more theoretical phase of teacher education at the



university (including teaching practice for eight weeks, supervised by a professor of science
education) and a practical phase (2 years) that takes place in schools exclusively and in which the
prospective teachers are supervised by experienced teachers without any contact with the
university. This separation gives the students the chance to get deep insights into both parts of.
- the required knowledge but hinders them in connecting these parts in a sufficient way. These
problems and other aspects of the German science teachers education programs will be presented
in greater details.
Israel, Greece. Italy and the US

A major driving force in the current effort to reform science education is the conviction
of many, that it is vital for our students to develop their higher-order cognitive skills (HOCS)
capacity in order to effectively function in our modern, complex science and technology-based
society. This means a fundamental shift from the traditional algorithmic teaching emphasizing
knowledge acquisition, to HOCS-oriented learning, focusing on critical thinking. Such a
paradigm shift means a different conceptualization, and, eventually, goals of the teaching-
learning process which, in turn, requires different models of science teacher education with
consequential results, effects and impact on the professional development of the prospective
teachers as well as their professors involved in these programs. The HOCS-motivated reform in
science education has had different expressions in differént communities and contexts nationally
and intemationally concerning some emerging key issues and contextual factors. In view of the
above, we have initiated and conducted within the unique science and mathematics teacher
training program of our university, a longitudinal multidimensional collaborative national and
(comparative) international study focusing on the following selected key issues, directly related

to teachers’ professional development and the quality of their teaching accordingly:
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1) Assesément: Lower-order cognitive skills (LOCS) vs. HOCS - oriented exams and
examination-type preferences of prospective teachers.

2) Critical Thinking: Disposition toward- and prospective teachers’ capability of critical
thinking (and of their prospective students).

All of these issues and related contextual factors (e.g. local culture, testing culture, teaching
tradition, educational system, accepted social norms, and measure of success) will be thoroughly
discussed in view of our collaborative corresponding research finding/results (in Israel, Greece,
Italy, and the US). The conclusions of our studies and implications for the professional
development of science teachers, their (science and mathematics teaching) and (their)
prospective students’ performance will be derived and summarized, in our proposed chapter, in
terms of the current trends and reform in science education worldwide. Based on the above we
will argue that scoring at the upper and lower ends of the TIMMS sample has, perhaps,
something to do with those factors of science teachers’ professional development associated with
their HOCS-related dimensions which are so crucial for a successful LOCS-to-HOCS switch in
science and mathematics education.

China and U.S.

This section presents:

* A close examination of the educational training and development of science teachers in
China as compared to their counterparts in the U.S>, followed by a discussion of the
pedagogical approach American and Chinese teachers employ in science teaching.

e Ways in which students respond to each type of instruction and how that effects the
development of their cognitive skills. Throughout this paper, case studies conducted by both

American and Chinese teachers who have undergone national observations of classroom
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teachings will supply readers with a different perspective on the ways Chinese and American
teachers view the two educational systems. |

Furthermore, two senior elementary and high school science teachers who have taught for
nearly twenty years under the Chinese education system will offer additional updates about the
latest changes in its academic structure. Finally, the implication of thesis studies is discussed
within the context of teaching and learning, and how the information gathered from both
cbuntries could be used to achieve different educational goals.

The Philippines

Recent publication of the TIMMS report has renewed interest in conducting research on
international science teacher education practices. Historically, science education research has
focused on evaluating the implementation of various science education curricular projects in
international settings. Little, however, has been documented to understand contextual aspects of
science education in these contexts, or to question underlying assumptions, which have framed
research activities.

Historical Perspectives

In the proposed section, we would explore issues associated with conducting research in
international contexts regarding professional development in science teacher education. The
following is an outline of topics and themes, which are explored:

Efforts to research international approaches to the professional development of science
teachers are showing shifts in terms of who and what is looked at in this field of research. In this
section, the authors will present an historical review of international science education research
on the professional development of science teachers. A look at the kinds of issues that have

received attention as well as whom and how the research has been conducted will be reviewed.
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For example, international research in the past has typically presented descriptions of enrollment
numbers, programmatic structures, coursework or certification requirements, and curriculum
implementation and evaluation reports. Until recently, much of the research was conducted
using large-scale quantitative methods reflective of a positivistic research tradition. The
historical summary will serve an important backdrop for discussion in a following section, which
highlights research practices and assumptions, associated with current research.
Science Education Research in Today’s Global Contexts

In this section, sc-ience educators from the US and Philippines pose several key questions
regarding international research Supported by examples from their experiences working abroad.
One possible question to be explores is: How do we translate international research into
culturally relevant practice? Possible issues subsumed in this category that we may want to
examine are: internationalization of teacher education professional development curriculum;
understanding dimensions of teacher and student learning (e.g. sociocultural, historical, personal,
and epistemological influences). An example can be seen where researchers want to investigate
the extent to which scientific literacy is promoted through science education in schools. In one
country, scientific literacy is seen as critically important toward maintaining democracy; yet, in
another apart of the world, scientific literacy represents a cultural threat to an indigenous
population.

Implications for Developing Global Models for the
Professional Development of Science Educators

Considering the dilemmas presented in the preceding sections, we explore a fundamental
question in this section: What does it mean to develop global models for science teacher

professional development? We suggest that the development of such models needs to center
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around the negotiation of purposes served, and cultural issues associated with science education
in the local setting. We will describe possible approaches for negotiating professional
development and research activities with collaborating partners.
Trinidad and Tobago

This section crit_ically examines efforts at the professional development of science
teachers in the developing country of Trinidad and Tobago. It briefly outlines the mainstream
professional development opportunities for teachers at the primary and secondary levels of the
system. The contextual and other factors that have helped to keep this approach to the
professional development of science teachers intact over decades are critically assessed. The
author describes two innovations that were not mainstream activities but were initiated in an
attempt to expose teachers more diréctly to some of the newer approaches to science teaching
that were deemed to be relevant tot he local context. The primary science teacher initiative was
mounted by a UN. agency with financial support from other agencies. The main aim of this
professional development program was to expose teachers to strategies for using the natural
tropical environment to develop lesson plans and to teach several aspects of primary science.
Emphasis was placed on integration across the curriculum. The secondary science teacher
initiative was funded by a UN agency and was mounted by the School of Education. The overall
goal of professional development was to expose the science teachers to the procedures for
designing, producing, and using contextualized science-teaching materials. The specific strategy
for producing contextualized materials was adapted from methods used by a foreign consultant
(Lubben) and his co-workers in a similar situation in Swaziland (Lubben, Campbell & Dlamini,
1996). Science teachers are very enthusiastic about this model of professional development.

They have devised additional objectives for the official curriculum document that they consider
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to be essential if the science taught is to be relevant to the students’ lives. They have iﬁcluded
materials that they would not normally use in their teaching, but which they now realize are truly
part of students’ everyday experiences. For example, in the unit on water, they have included
lessons on the reasons why some people do not receive tap water and the efficacy of a truck
borne water supply system. In the unit on maintaining health, they have designed lessons on the
impact of excessive noise from discotheque music and the music of the steel band (the national
instrument) on one’s hearing. The impact of this method of professional development of science
teachers is being monitored as the lessons are piloted. One benefit that is obvious at this stage is
that teachers have begun to open up theif thinking with respect to making the science taught
relevant to the local context. This section will provide further details of developing this
professional development fnodel and will highlight some of the issues involved in the education
of science teachers in Trinidad and Tobago and discuss a new direction that holds some promise.
The author will also discuss the contextual issues that arose during the introduction of a new
model for professional developrhent of science teachers. The section culminates with an
exploration of the dynamics of introducing these two innovations, with some emphasis on
successes and failure. Finally the author examines the level of continuity and the feasibility of
making such programs available to a wider cross section of science teachers.
Large Urban, Multicultural, Multilingual US Communities

In this section, the author reflects on a university program for preparing American
science teachers to teach in large, urban, multicultural, multilingual communities among students
who often belong to cultures which are foreign to the teachers; the contextual setting in which
the program was developed and taught, and lessons learned while teaching the courses in the

program over a ten-year period. The program was designed to empower science teachers to cope
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with the continuously evolving diversity in their classes while increasing interest and
achievement in science. The overarching goal of the program was to increase the ability of
teachers to create inclusive classrooms in which all students can learn science. Because of the
success rate of the program it is now being used as a science teacher education model in another
large urban school district. It is hoped that faculty at other teacher education institutions and
teacher enhancement staff developers who are grappling with how to better sensitize teachers to
issues of diversity while improving the teaching and learning of science and mathematics will
find this useful. This section will describe the development of this model and provide answers to
the following questions as the author reflects on her experience in science teacher education in
the Caribbean, the US and with UNESCO.

Conclusion

This final section highlights the major lessons learned in the professional development of

science teachers and will provide a summary analysis of what issues and perspectives arise
during professional development for teachers of science in the global community. The author
reflects on the differences and similarities in the way professional development is conducted in
global communities; the contextual and cultural issues that arise, and the successes and inherent
failures of some models.
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INFUSING TECHNOLOGY TO ENHANCE SCIENCE LESSONS:
PROSPECTIVE TEACHERS AS ACTION RESEARCHERS LEARNING
TO TEACH FOR CONCEPTUAL CHANGE

M. Randall Spaid, Florida State University

High school students enter the science classroom having grown up in a technology-rich
world of video games, personal computers, instant communication and Internet access. In writing
about the potential of using technology in a constructivist classroom, Strommen (1995) points
out that, since they are used to an environment outside of school where they control the flow and
access of information, these students are naturally more interested and involved.

Unfortunately, in many classrooms, knowledge is presented to students in a linear,
didactic mode that differs dramatically from their previous experience outside the school.
In contrast with the vivid images and self-directed flow of the interactive home and
society, school strikes them as rigid, uninteresting, and ultimately alienating (Strommen,

1995).

With the ubiquitous presence of computers in schools, there are significant changes in the

roles of the teachers using emerging technologies for instruction. The new professional teacher

needs the skills to infuse technology into lesson plans in order to connect with technology-savvy
children to improve their learning (Wise, 1997). Teaching prospective science teachers how to
infuse their lessons with multimedia electronic technologies in a science education methods
course may be a catalyst for changing the way science teachers teach high school students.

In this study at a large, public university in the southeastern United States, six prospective
science teachers enrolled in a semester-long Advanced Topics in Teaching and Learning High
School Science education methods course were challenged to become proficient using electronic
technology to teach a science lesson. Concurrently, they practiced teaching science for

conceptual change using sophisticated PowerPoint slideshows infused with video clips,

[ O
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animations, and hyperlinks to Internet sites. Furthermore‘, they had the opportunity to practice
teaching their science lesson in front of actual high school science students at the university’s
Developmental Research School (DRS).

While others have studied how teachers learn to use technology in the classroom (e.g.,
Means, 1994; Strommen, 1995) and teaching for conceptual change (e.g., Chiappetta, Koballa, &
Collette, 1998; Posner, Strike, Hewson, & Gertzog, 1982), this study is unique in that I had a
venue in which prospective teachers could practice teaching technology-enhanced science
lessons to my own tenth grade biology honors class and a general chemistry class at the DRS. In
addition to having extensive experience as a science teacher, I regularly infuse my science
lessons with multimedia electronic technologies, and could demonstrate my own science lessons
as well as provide my university students with continuous access to tenth and eleventh grade
high school science students.

Purpose for the Study

The National Council for Accreditation of Teacher Education (NCATE) is promoting
reform to ensure quality in the preparation of our nation's teachers with a vision of "the new
prbfessional teacher... know[ing] how to employ educational technology effectively” (NCATE,
2000). Few, if any, teacher education programs are currently meeting all of the National
Educational Technology Standards for Teachers; few prospective teachers are developing the
competence to use techriology as a teaching tool (Wise, 1997). The International Society for
Technology in Education (ISTE) released National Educational Technology Standards for
Teachers which focus on preservice teacher education and define the fundamental concepts,
knowledge, skills, and attitudes for applying technology in educational settings (ISTE, 1998).

According to ISTE, all prospective teachers seeking professional certification should meet these
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educational technology standards; ISTE further recommends that all teachers acquire
competencies in basic use of computers and electronic technology for personal and professional
uses as well as the application of technology for instruction.

Teacher education programs cannot predict how technology will change the teaching
profession and college instructors cannot predict what knowledge, skills, and attitudes are
essential for prospective teachers to perform successfully in technology-enriched K-12
classrooms. “Limited teacher training is often faulted for the low level of technology integration
in the K-12 public school system” (Strudler, 1995). The majority of teacher education faculty
does not model technology use to accomplish objectives in their courses, nor do they teach
students how to use information technologies for instruction. For example, students are seldom
asked to create lessons using technologies or practice teaching with technological tools (Strudler,
1995).

Research Questions

In studying the conceptual change in these prospective teachers and how they
accommodated constructivist and reflective practices during this semester-long science methods
course, I was interested in the following research questions:
¢ How do the prospective teachers’ perceptions of using electronic multimedia technology to
enhance their science lessons change throughout the semester?

e What evidence of conceptual change emerges for these prospective teachers during the
semester as they revise and modify their PowerPoint slideshows?

e In what ways does instructor, peer, and high school science student feedback guide

prospective teachers to modify science lessons?
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It is important to note that this study explores the learning of two groups of students — the
prospective teachers and the high school students at the DRS — and two categories of conceptual
change — prospective teachers learning to teach science and learning to use multimedia electronic
technology in the process. My primary focus was studying the prospective teachers in the science
methods course.

Research Context

I had a dual role in this study as the course instructor for Advanced Topics in Teaching
and Learning High School Science and as high school science teacher. The high school students
who participated in this study were acclimated to seeing university students in their classroomé;
prospective teachers from the College of Education intermittently observe, practice teach, and
co-teach lessons at the DRS. When I told them that the prospective teachers would use
PowerPoint slideshows accompanied by hands-on lab activities, my high’school studenté were
excited and enthusiastic, and promised to provide feedback about the multimedia and the lesson.

Although the prospective teachers who participated in this study Had limited teaching
experience and disparate competencies using computers and multimedia, all of them were
science education majors, so I considered them to comprise a relatively homogeneous group. As
they co-taught their science lessons with me in my classroom, I tried to minimize their concerns
about student behavior and classroom management, the kinds of issues that student teachers have
(Tabachnick & Zeichner, 1999).

Methodology

This study used naturalistic inquiry as the methodology (Lincoln & Guba, 1985). This

allowed me to develop working hypotheses to interpret the instructional design of the

prospective teachers' lessons and their pedagogy of the within the context of the methods course.



For this study, a variety of qualitative methods were used “to ensure truth value, applicability,
consistency, and neutrality” (Erlandson, Harris, Skipper, & Allen, 1993): multiple observations,
briefing and debriefing interviews, peer assessment, member checking, and a reflective journal.

I interviewed each of the six prospective teachers at the beginning of the semester to
determine their conceptions of science teaching and learning and their educational philosophy.
The survey of their éducational philosophies included a short description for two classroom
scenarios: Mr. Gates leading a class discussion in a traditional teaching style and Ms. Wagner
leading a class discussion in a more constructivist teaching style. (adapted from Ravitz, Becker, 4
and Wong, 1998.) After reading the descriptions, the prospective teachers were asked to
associate their thinking with Mr. Gates or Ms. Wagner in regard to personal preference in
leading a classroom discussion, the type of class discussion they believe that high school
students prefer, and the type of classroom discussion in which they believe that students learn
best. We discussed the results of this survey during a regular class meeting; each prospective
teacher shared personal experiences to justify his or her response.

In addition to analyzing the survey and interview data, I evaluated the pretest and posttest
questions that the prospective teachers constructed using quality criteria adapted from
Chiappetta, et al (1998) to determine if the questions were traditional, closed-end or
constructivist, open-ended. Finally, I analyzed the initial, tentative PowerPoint slideshows
created by the prospective teachers for our first briefing interviews and compared them to the
revised slideshows after presentation to the science methods class students, and the final version
of the slideshow that was presented to the high school students at the DRS. I evaluated the
structure and sequence of the slides using the quality criteria described by Krathwohl, Bloom, &

Masia (1984): receiving, responding, valuing, organization, and characterization (pp. 172-184).




While science lessons are usually designed to give students information to promote conceptual
change thinking, another component is often to change or establish attitudes (Martin, 1989).

I administered a pre-test to the high school students before the prospective teachers
taught their technology-enhanced lessons in my science classes. The posttests were administered
at the end of the science lesson to determine if conceptual change had occurred for any high
school students. In addition, I solicited immediate verbal and written feedback from the high
school students about the quality and impact of the PowerPoint slideshow used during the lesson.
Prospective teachers met with me before teaching the science lesson to their university
classmates in the methods course. We met again after the lesson to debrief and discuss the peer
comments and my observations in order to determine the appropriate revisions and modifications
for improving the PowerPoint presentation. I suggested using alternative sequences of slides, and
commented on the selection of images and more animation based upon my personal experiences
as a science teacher. I also encouraged them to describe their feelings about the process of
revision and record any difficulties or frustrations they were experiencing in their reflective
journals. In order to put the prospective teacher 's slideshow in real context, I asked, Did you do
what you said you would do? Was your slideshow more than just entertainment? Did you follow
the guidelines of the 5-E model? The reflective journal for each prospective teacher also served
- as a research notebook. They regularly wrote vabout the progress of own action research project —
their questions and interpretations of the data they collected from their peers and the high school
students, their reasoning and rationale for changing their PowerPoint slideshows, and difficulties
they were having.

After each prospective tea{cher taught a revised lesson at the DRS, we met to discuss the

high school students' feedbéck, my observations, and their self-reflections. At this point of the



semester, I used a regular class meeting to engage them in the analysis of data they had collected
for their action research projects. Finally, at the end of the semester, I conducted an exit
interview with each prospectivé teacher to discuss the reflection journals and action research
projects.

We met as a class for ninety minutes twice each week. During our class meetings, the
prospective teachers reconstructed their memories of their high school science classes as we
discussed group work, "cookbook" science labs, drill-and-practice seatwork, instructional videos,
teacher demonstrations, computer simulations, using probeware for data collection, developing a
rationale for teaching Science, Technology and Society units; and engaging students in science
fair research projects. In addition, we examined what they learned in previous methods classes
and during their previous classroom observations of experienced science teachers. As
appropriate, [ regularly shared actual stories about my own science classes for analysis and
discus.sion.

The Prospective Teachers' Action Research Questions

In integral component of this science methods course is engaging the prospective science
teachers their own action research studies. During a science methods class, early in the ‘semester,
we discussed how to do action research (Dick, 1997). I guided them as a group to devise and
refine their own research questions to explore their own teaching and learning about the effective

use of electronic technologies in the secondary classroom. Their research questions included

How do I use multimedia effectively to motivate students to pay attention during a science

lesson?

How does an animation or video clip help science students correct their misconceptions

about natural phenomena?
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In what ways do girls and boys respond to PowerPoint slideshows and multimedia when I am
teaching a science lesson?

What difference does a complex PowerPoint slideshow make for high school students to
learn science concepts?(sic)

What kinds of “bells-and-whistles” must be included in a PowerPoint slideshow to get high
school students engaged during my science lesson? |

To illustrate how different assumptions lead to fundamentally different conceptions of the

use of technology for teaching science lessons, this paper provides a new perspective toward

teaching prospective teachers how to infuse their science lessons with electronic technology.

This paper also describes how some prospective teachers think about how science students

learning and how those beliefs influence their lesson planning. In each case, the prospective

teacher's pedagogical philosophy becomes the guiding focus of this study.

Data and Observations

Results of the Survey Questions at the Beginning of the Study

Which type of class discussion are you more comfortable having in class? All of the
prospective teachers believed that they could successfully lead a class discussion like Ms.
Wagner's. Most of them described a high school class taught by a teacher whom they
considered exemplary and constructivist.

Which type of discussion do you think most students prefer to have? Abygail and Tiffany
believe that students prefer more traditional discussions like Mr. Gates’. Samantha, Christina,
and Mike chose the type of discussion that Ms. Wagner was leading because they believe that
teachers should be flexible even when the class is off the original topic. Jimmy explained

that he chose undecided because he has no teaching experience.



® From which type of class discussion do you think students learn more science? Jimmy and
Christina could not decide, ostensibly because they have no teaching experience. Their
classmates believe that students learn more in a constructivist classroom like Ms. Wagner's
but they could not justify their answers.

These data are tentatively analyzed as resulting from naive assumptions about science
teaching and learning as well as from a lack of familiarity with the tenets of constructivism
(Bybee, 1997). Although these students had previously taken a methods class in which
constructivism was modeled and promoted, perhaps these students have had few previous
experiences in a constructivist science classroom during their secondary schooling and college
classes. There was insufficient data collected in this study to explore this further; however, it
provides a reference point from which to determine if any conceptual change has occurred during
the semester-long course.

According to Posner, et al (1982), conceptual change occurs when students become
dissatisfied with their present ideas or beliefs about a phenomenon they have observed, when
they accept evidence that another explanation makes more sense, and when they believe that this
new explanation is useful in order to learn more about the concept or idea. These pfosi)ective
teachers were unfamiliar with this conceptual change terminology. Jimmy wrote in his journal:

I began to get a little worried. I was not just teaching students some cake lesson out of a
book, but I was actually gonna have to change some preconceived ideas that students
might have. Learning that I would be using conceptual change as a technique changed my
thought process completely. I would have to actually put some thought into this. . . .my
ideas about teaching the lesson had changed. . . .(Excerpted from Jimmy's journal,

beginning of semester.)

Analysis of the PowerPoint Slideshows

Krathwohl, et al (1984) suggest that instructional designers must address student needs in

the affective domain as well as the cognitive domain. When the prospective teachers analyzed
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their PowerPoint slideshows during our first briefing interview, each slide was inspected to
determine its value for engagement, exploration, explanation, elaboration, and evaluation. All of
the prospective teachers indicated that they wanted to find better images, animations, and video
clips. Most of them decided to delete some slides that did not provoke inquiry and many of them
rearranged their lessons and changed the order of their slides. Jimmy wrote about his thinking:
After I learned that I had to focus on the concept, my PowerPoint outline changed.
Instead of listing the definitions we would be going over, I set it up in a way that the
students would have to answer the questions I asked, and then a slide would come up
clarifying what they had just answered. This made my lesson more of an inquiry lesson.
Before it was just straightforward. (Excerpted from Jimmy’s journal, mid-semester.)

After each prospective teacher presented a mini-lesson to the science methods class, the
audience of peers was asked for a written assessment of the slideshow and we discussed the
lesson as a group. After class, each presenter met with me to debrief the lesson and consider the
peer comments. Some of them were sheepish about their "performance; however, all of them
valued the feedback and decided to revise their slideshows. Although she did not admit this
during our debriefing, Kristy wrote in her journal that she had carefully designed her lesson to
impress her classmates and now had to revise it for the high school students:

I wanted to look so good . . .. I think I didn’t want anyone to say that teaching was not
something I could do well. It has already become such a part of my personal identity. The
[high school] students were not the people who I wanted to please; it was those others

who want the same dream. (Excerpted from Kristy's journal, mid-semester.)

Constructive Criticism from the Peer Assessments

The peer critiques about the PowerPoint slideshows were forthright, pragmatic, and
constructive. Comments included: rearrange the order of slides, emphasize the importance of a
video clip or animation, select larger graphics, change font size and colors, incorporate text

builds and slide transitions to maintain instructional momentum and sustain student interest.
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The prospective teachers made final revisions to their slideshows and constructed a pre-
test before presenting their lessons to my high school science students-they were confident that
their slideshows would engage the students in inquiry. All of the prospective teachers in this
study anticipated that their PowerPoint slideshow would stimulate higher level thinking by the
high school students, pique their interest in the topic, and create disequilibrium in their thinking

Constructive Comments from the High School Students

In the high schobl science classroom, four of the prospective teachers discovered that
most of the twenty-nine students in the class were anxious to engage in the lab activity that
accompanied their PowerPoint presentation. Two of the prospective teachers were disappointed
that the high school students were not more responsive during the slideshow portion of the
science lesson, although the results of the post-test indicated that the students had learned the
concept the were teaching. When the prospective teachers conducted a review at the end 6f their
lessons, most of them were delighted that the high school students could answer questions about
what they had learned. Some of the high school students admitted that they misunderstood the
concept of surface tension and density, and had changed their minds after seeing the PowerPoint
examples and doing the lab activity. When the prospective teachers analyzed the pretests and
posttests, they confirmed that most of the high school students answered the posttest questions
that required higher level thinking correctly.

When the prospective teachers and I debriefed after their lessons and evaluated the
students' comments in view of the effectiveness of their PowerPoint slideshows, we-considered
the impact of the video clip, whether the sequence of slides was logical, and the effectiveness of
the images, animations, and hyperlinks. Not only did these prospective science teachers receive

input from their instructor and their peers in the science methods class, there was a target
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audience of high school stakeholders with the savvy to provide an additional perspective
regarding effective use of technology when teaching a science lesson.

Many of the high school students wrote that the video clip was entertaining and helped
them learn the concept; several were uninterested in the images, they only wanted notes for the
posttest. Suggestions to improve the slideshow included adding graphics, using custom
animations, changing layouts or colors. A few recommended additional movies and sounds so
that the slideshow wasn't so boring. All of the prospective teachers believed that the comments
were valuable. One of them wrote in his journal:

The lesson went well: the video I [showed] of the astronaut on the moon seemed
effective, but upon receipt of the feedback, the class was bored by it.... The aim was too
low, and most of the class hated wasting their time. Fixing this lesson would mostly
consist of me better using the PowerPoint. I used graphics only to illustrate a point.
Instead, I could have used the pictures to set up an example, which is something I never

thought of until after the presentation. (Excerpted from Mike 's journal, end of semester.)

Results of the Survey Questions at the End of the Study

During the exit interviews at the end of the semester, I queried each prospective teacher
with the same questions about discussions in Mr. Gates’ and Ms. Wagner’s classes to determine
if their beliefs about the roles of teachers and students in science classes had changed. Each of
them had experienced the role of a teacher leading a class discussion in an actual science
classroom and I wanted to know if they viewed constructivist practices differently now. I was
looking for evidence of conceptual change in their thinking. As we discussed epistemology and
pedagogy, some of the prospective teachers stated that they believed a constructivist approach to
teaching science should result in increased student learning. The vignettes and results of the
beginning and ending surveys are found below and in Table 1.

Mr. Gates was teaching his biology class in an animated way, asking simple questions

that the students could answer quickly based on the demonstration they had seen the day before
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and the homework reading assignment. After this review, Mr. Gates presented the class pre-lab

material, again using simple questions to keep students attentive and listening to what she said.
Ms. Wagner’ class was also having a discussion related to the demonstration and

homework reading assignment, but many of the questions came from the students instead of the

teacher. Though Ms. Wagner would clarify students’ questions and suggest where they could

find relevant information, she didn’t really answer rﬁost of the questions hersel'f.

Table 1

Comparison of Beginning of Semester Survey and Exit Interview

Definitely  Tend Can't Tend Definitely
Mr. Gates'  towards decide towards Ms. Wagner’s
Ms. Gates' Ms. Wagner’s

BEGINNING OF SEMESTER

a. Which type of class discussion are you A,S,J,

more comfortable having in class? R,C,M

EXIT INTERVIEW

a. Which type of class discussion are you C S, LM
more comfortable having in class?

BEGINNING OF SEMESTER

b. Which type of discussion do you think  A,R J S,C M

most students prefer to have?

EXIT INTERVIEW

b. Which type of discussion do you think A R C LS, M
most students prefer to have? :

BEGINNING OF SEMESTER

c. From which type of class discussion do iNe R, S AM
-you think students learn more science?

EXIT INTERVIEW

c. From which type of class discussiondo A R C 1, S, M

you think students learn more science?

A=Abygail, S=Samantha, J=Jimmy, R=Kristy, C=Christina, M=Mike

Although they carefully followed the 5-E model to construct a PowerPoint slideshow to
teach a science lesson for conceptual change, Abygail and Rebecca had not completely changed

their conception of teaching and learning—their responses to the first question indicate that they
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are more comfortable leading a traditional discussion than a constructivist classroom. Both of
them indicated that they also believe students prefer the traditional classroom discussion and will
learn more in this setting. Abygail explained in her journal:

[ really wasn't aware that on the average high school students are very basic. They need

things pointed out to them. They need to be told exactly what to do. Now, either I was a

very bright, independent student in high school or I don't remember being that

elementary. (Excerpted from Abygail’s journal, end of semester.)

Abygail did not receive as many positive comments from the high school student about
her PowerPoint slideshow and science lesson that her classmates did. Perhaps Abygail’s
response to the question was defensive beéause she felt she had no “real” control of the class; or,
perhai)s she simply reverted to teaching the way she was taught. She was concerned about
students who were not paying attention to her. She chided them, “Hey! Pay attention to me” and
“You have to write this down if you want to pass the posttest, so quit talking.” Abygail wrote
about this situation in her journal:

On the left side of me there were a couple of students that were not paying attention at all
or just plain non-participatory. I had a hard time dealing with [them] because it was not
my classroom officially. (Excerpted from Abygail’s journal, end of semester.)

At the beginning of the semester, Jimmy was undecided about how science students think
and learn. He asked if the PowerPoint was supposed to be entertaining to capture the students’
interest. When I reminded him about his question at the end of the semester, he stated that, now
that he was more familiar with constructivist teaching and learning, he knew that the PowerPoint
was supposed to be much more than entertainment, “but it could engage the student if it was
interesting enough.”

Samantha, Jimmy, Mike, and Christina indicated that they would be comfortable in a

discussion like Ms. Wagner’s, but I am not certain that all four of them have a clear and deep



understanding of the roles of the teacher and students in a constructivist classroom after
interviewing them and reading their journals. Samantha wrote:

I liked being the “teacher” and knowing that students look up to me for answers and
direction. I think having experience teaching baton tW1rlmg, and knowing how to take an
authoritative role, gave me the confidence to be the one in charge. I never really was to
hesitant about being in front of the class, I just didn’t want to make a mistake, or not
know enough information. (Excerpted from Samantha’s journal, end of semester.)

Results of the Action Research Projects

The action research projects seemed to help these prospective teachers to identify and
reﬂ\ect on their underlying assumptions about what science teaching and learning is and the
potential for using electronic technologies to enhance their lessons. I did not require a formal
report oat the end of the semester because I was more concerned that they would spend more
time in and out of the science methods classroom to reflect on their experiences in the DRS
science classroom. Their journals indicate that they were learning to engage in reflective
practice. Below are some comments from the their journals:

It’s different to try to read and understand what it is like to teach, but to actually do it is
so much more beneficial. You can find your flaws, and fix them. I went into this class
feeling a little overwhelmed, but I left feeling more confident and assured of teaching. I
did not realize how much technology can enhance teaching. (Excerpted from Samantha's
journal, end of semester.)

This class not only taught me the technology that goes along with teaching but also gave
me confidence in my ability to teach with technology (Excerpted from Jimmy's journal,
end of semester.)

This class actually made me feel like a teacher. For the first time in my college career, I
was thinking like a teacher. Now when I make lessons or look at web sites, I ask myself
how they would be valuable to my students and me. (Excerpted from Abygail's journal,
end of semester.)

Even though I only taught one lesson, I learned so much about how to think, what my
students are thinking. . . . I wish there were more courses like this one throughout the
education program, because it really opens your eyes to the real world of teaching, and
not just hearing about it from a professor who hasn’t been in a high school classroom for
twenty years. (Excerpted from Christina's journal, end of semester.)




Discussion

Calderhead (1983) suggested that prospective teachers have no schemata for pace, level
of intelléctuality, affect, and work orientation of high school students since they lack the
complex knowledge that experienced teachers have. During the science lessons, I recognized a
myriad of student behaviors which indicated that student learning was taking place— eye contact,
note-taking, courtesy, enthusiasm, verbal responses to teacher questions, and engagement in the
lab activity. Although most of the prospective teachers asked questions at the beginning of their
lessons to discover the high school students’ prior knowledge about the topic, only a few were
able to use their knowledge of their students’ thinking to plan their teaching. When we discussed
the feedback from the high school students during the science class, each prospective teacher
explored his or her own action research questions, asking, Do these DRS students simply "know
the drill," answering teacher questions dutifully and following the visuals on the slideshow
passively? Did any students other than visually oriented students benefit from this lesson? Were
the students only marginally interested in the video clips and animations?

During my debriefing interviews with the prospective teachers, I tried to describe what
kinds of learning I understood to be going on in the classroom and why the high school students
did not respond to the PowerPoint slideshow with much enthusiasm. A colleague of mine at the
DRS added this explanation for the comments by the high school students:

These high school sfudents are not all-visual learners—they may need to hear it, may need
to do it, or touch it— but they all seem to be oriented to visual stimuli. They have been
acculturated by television and video games; they are a video generation. They are savvy
[as an audience]when it comes to PowerPoint because they know how to construct them
and they sniff at inferior work. [W]hen you cross over to using PowerPoint for a lesson, it
had better be more than a high tech blackboard. Want credibility with students? If you

cannot do it [PowerPoint] well, do not bother doing it at all. (Mrs. Walters, English
teacher, personal communication, end of semester, italics added.)



What is unique about this study? Since I was the science education methods instructor and I
also teach at the DRS, (1) I linked a science methods course and a "real" science class for the
prospective teachers, (2) I was able to enlist a group of actual high school science students to
comment on each prospective teacher’s lessons, (3) as the regular science teacher, I knew which
of the high school students would provide useful comments and could screen out the less useful
responses from those students who were uninterested in participating in the study. Although most .
of the twenty-nine science students in the DRS classroom comprised a pool of interested and
experienced informants, capable of articulating their comments, statements that were clearly
counterproductive were discarded (e.g., “it [the slideshow] was really pathetic.”)

The prospective science teachers in this science course critiqued and evaluated each
other’s lessons to determine if they followed the steps for conceptual change. They began to
recognize how student experience and expectations about electronic technology affects lesson
planning and demonstrated some conceptual change in their pedagogical views. All of the
prospective teachers constructed their PowerPoint slideshows using the 5-E teaching model.
When they revised the slideshow, they systematically searched for the more effective visuals and
redesigned slides to engage the high school students in higher level thinking instead of utilizing
the slideshow as a sophisticated overhead projector to provide definitions and information for
note-taking. Even the pre- and posttest questions were carefully constructed to provide the
evidence they needed to determine if the students had changed their conception because of the
lesson.

As the instructor of this methods course, I guided the prospective teachers as they made
many of the revisions. I continually challenged them to reflect on their thinking about how

students learn and how they would learn to teach science. Perhaps total conceptual change is too
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great an expectation within the limited time apportioned to methods classes (Gess-Newsome,
1999a). Prospective teachers need to become aware of their own implicit conceptions about
teaching and learning science in regard to the understandings and actions in teaching — they teach
the way they themselves ieam best.

The prospective teachers in this study initially believed that teaching is telling and
learning is gathering information. Years of apprenticeship of observation and of watching the
public behaviors of teaching have led them to believe that they understand what is required of
teaching (Lortie, 1975). Their first PowerPoint slideshows were mostly definitions and
information. Teacher educators, on the other hand, may view teaching and learning quite
differently: "Four time-honored conceptions of teaching are recognized: teaching as cultural
transmission, skills training, fostering natural development, and promoting conceptual change"
(Scardamalia & Bereiter, 1989). If methods instructors can help prospective teachers ideﬁtify the
appropriate points for integrating technology into their pedagogical practice, there is a greater
potential to support deeper, more reflective, self-directed student learning.

Recommendations |

Since technological advancements are affecting the way we teach and learn in high
school science classrooms, teacher education programs for must integrate technology early in the
sequence of courses leading to professional certification for science teachers. Furthermore,
science education methods instructors must model how to use electronic technologies in the
teaching and learning process if prospective teachers are to adopt a fearless attitude in the use of
technology. “The idea is not only to teach them how to use the hardware and software, but how
to integrate it seamlessly into the curriculum. Otherwise, it doesn’t work..." (Siegel, 1994).

Science education methods instructors must provide authentic opportunities for prospective
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science teachers to practice teaching technology-enhanced lessons long before the semester
traditionally scheduled for a classroom internship. To be most effective, these pre-internship
experiences should take place in a public school setting which includes the target audience of
high school students, and the prospective teachers should be engaged in their own reflective
studies. One of the prospective teachers in this study wrote that he was able to concentrate on his
lesson in my classroom despite my presence:

I was never intimidated by his [the teacher’s] presence in the classroom. It made me a

little bit more confident knowing that he was there to help me in case I needed it. I knew

that I was the one teaching the lesson, so it was strictly up to me to get my points across
to the class. (Excerpted from Samantha's journal, end of semester. Pseudonyms are used
throughout this paper.)

The journals of the prospective teachers in this study seem to indicate that my extensive
experience as a science teacher, my familiarity using electronic technologies for teaching science
lessons, the availability of my secondary science classroom for practice teaching, and easy
access to student feedback appear to have benefited them during this science methods course.
One of the prospective teachers wrote that these classes helped her start thinking like a teacher:

It was very helpful to have an experienced teacher there to ask me open-ended questions
that got me thinking. I finally have to think like a teacher and his questions allow me to
do that. (Excerpted from Christina's journal, mid-semester.)

As educational researchers explore collaborative relationships between science education
methods instructors and local high school science teachers, I hope that more evidence will
indicate that practice teaching in a "real" science classroom full of “real" high school science
students provides more realistic experiences for prospective teachers than the methods course
classroom on a college campus. When technologically-savvy students and experienced teachers
team up in the tutelage of prospective science teachers, there is potential for equipping new

{

teachers with the skills requisite for successful and rewarding careers.
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Many students in our high school classrooms have multidimensional experience with
interactive media outside of the school and they may be more techno-literate than their science
teachers. The prospective teachers in this study learned about infusing technology to teach
science lessons for conceptual change. Some of them showed signs of their own conceptual
change toward teaching and learning science as evidenced by their deliberate, iterative
modifications to their PowerPoint slideshows—they wanted to impact student learning and
believed that a technology-enhanced tool would be effective. Although they demonstrated a
limited understanding of the 5-E model of teaching for conceptual change, the prospective
teachers were enthusiastic about their teaching experience in the high school classroom. College
students in methods calsses such as this one may need to undergo conceptual change with respect
to their notions of teaching, learning, the nature of science, and/or the nature of knowledge
(Gunstone & Northfield, 1992). As he planned his lesson, one of the prospective teachers wrote
in his journal:

I realized that just learning a bunch of terms is not conceptual change. I switched my
mode of thinking to a broader concept. I was asked the question, What is the one thing
that you want the students to leave there knowing? This made me realize that terms and
definitions are great, but do students actually learn? If there is no main concept to go
along with the terms and definitions, then what good are they? (Excerpted from Jimmy's

journal, beginning of semester.)

In spite of the fact that the short duration of the study limited the impact of their action

research, it appears that these prospective teachers also learned new reflective skills. The

interview data and reflective journals indicate that the authentic classroom experience enhanced
this constructivist-based science methods course; they also suggest that constructiQist-based
instruction, which includes the use of multimedia, helped these prospective science teachers
develop positive attitudes toward computer-related technologies. Future researchers may

examine parts of this instruction model in detail to identify specific items or procedures that
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contribute to enhancement of prospective teacher education. Thus, the significance of the study
has practical and theoretical implications for teaching secondary science methods courses based
on a constructivist approach.

Limitations of the Study

There are a number of issues that emerged during the data collection, analysis, write-up, a
and presentation of this study. Some of the issues are related to my expectations as a methods
course instructor during the short duration of the study— my expectation that these prospective
teachers could concurrently learn about how to teach an inquiry lesson for conceptual change and
learn how to conduct their action research projects. Another issue arose regarding the data
sources, such as whether the peer assessments and high school student comments are credible
and unbiased. I also must speculate — what effect did my own educational philosophy, pedagogy,
and epistemology have on the participants? Were they constrained to construct and teach lessons
using my teaching style? How did my presence in the classroom, ostensibly to manage student
behavior, impact their student teaching? Two of the prospective teachers were preoccupied with
my presence, one wrote that she would have corrected two of my high school students who were
talking during her lesson, but she did not want to usurp my authority. The other was concerned
that I was judging her performance and claimed it distracted her. If these issues affected the
teaching of the lesson, it may have affected the high school students’ assessments and feedback.

One of the prospective teachers wrote that she wanted to impress her classmates when
she taught her practice lesson in the methods classroom. I do not know if she will invest as much
time preparing inquiry lessons and infusing technology during her student teaching. I was
startled that she was less concerned with impressing me or the high school students and I suspect

that she had less conceptual change throughout the semester compared to the other methods class



students. Perhaps she regressed to a more traditional model of teaching because it was more
familiar. She described herself in class as successful “and more comfortable” during high school
and college taking traditional courses. She was somewhat skeptical that students will benefit in a
constructivist classroom. Hence, I am not sure how to get at her thinking without additional
interviews. I do not know if she is receptive she did not provide rich data in her journal.

Since this study lasted only one semester, there did not appear to be sufficient time for
conceptual change to occur in the prospective teachers. Furthermore, they only visited my high
school classroom once or twice—three of them indicated in their journals that they wanted more
practice time in the “real” classroom: I encouraged them to use the 5-E learning cycle steps;
however, two of them told me during the exit interview that they could not change the lesson
“on-the-fly” after finding out what prior knowledge the high school students had. I told them I
believe that experienced teachers have a tacit understanding of classroom dynamics that comes
with practice. Four of the prospective teachers wrote that, after teaching the lesson, they
understood why I emphasized building rapport with high school students and why I espoused
designing lessons that address the affective domain.

Perhaps I attempted to cover too much in one semester: learning to use new electronic
technologies, exploring curriculum materials and embracing too many new concepts about how
to teach science in a secondary classroom. Learning to teach inquiry lessons is difficult enough, I
directed these prospective teachers to teach inquiry science lessons for conceptual change.
Jimmy’s journal entry describe the conundrum for him until he realized that this teaching
strategy goes way beyond giving definitions and talking about a phenomenon. The action
research was new to all of the students in this methods course, but at least one of them, Abygail,

wants to continue the journaling and self reflection when she student teaches.

200




During the semester, I modeled teaching behaviors to the methods class that I consider to
be effective; however, I emphasized that each of them would need years of practice planning
lessons, teaching “real” students, assessing their learning, and reflecting on the outcome. Perhaps
participating in the study will begin the process for them. A follow-up study of their student
teaching experiences might indicate that some of the course objectives in this methods course
were reached and embraced by these prospective teachers. I hope these prospective teachers
evolve into reflective science teachers who regularly infuse their inquiry lessons with multimedia
in a determined effort to teach for conceptual change.
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PROFESSIONAL DEVELOPMENT FOR ELEMENTARY SCHOOL
TEACHERS WORKING WITH SCIENCE LEARNING OUTCOMES

Ken Appleton, Central Queensland University
Allan Harrison, Central Queensland University

Queensland, like other states in Australia, has moved toward the introduction of a
new grades 1 to 10 science curriculum (Queensland School Curriculum Council [QSCC],
1999a). This was based on 4 Statement on Science for Australian Schools (Curriculum
Corporation, 1994), which was developed after the various states agreed to have a common
basis for curriculum development in eight areas of learning, including science. The curriculum
was published as a syllabus, which in this context means a mandated curriculum framework.
A number of support documents were also published. After two years of development and
trials, the new science syllabus was distributed to schools in July 1999, for implementation
over the following three years. Like most contemporary syllabuses and mandated curricula
the new science syllabus is organised as a series of learning outcomes presented in a
continuum across several levels. In the Queensland syllabus, there are six levels across the ten
years of compulsory schooling. Outcomes describe what children will know (understanding)
and can do (working scientifically) at each level. The science syllabus is one of the first of the
outcomes oriented syllabuses to be introduced in the state, and presents a considerable
challenge to teachers because it is very different from the content based syllabuse;s they have
been used to. Further, it is strongly constructivist (Mclnerney & Mclnerney, 1998) in its
orientation; a view of learning and teaching which remains new to many teachers. The
differences in the new syllabus make the move to implementing it rather daunting and

challenging for teachers, especially for those not specialising in science such as elementary
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Context and Background

The teaching of science in Queensland elementary schools has for many years been
variable. While a number of teachers teach it regularly, there is a high proportion of teachers
who tend to teach science occasionally, if at all (personal communication — an unpublished
survey of science teaching practices was conducted during the syllabus preparation). The
picture has therefore not changed a lot since a similar pattern was identified by Varley (1975),
despite what was considered by many to be a highly successful syllabus (Queensland
Department of Education, 1981a) and support material (Queensland Department of
Education, 1981b). Such a pattern of elementary science teaching is not uncommon in other
Australian states (Australian Science Technology and Engineering Council, 1997), and indeed
in other countries (Gustafson & Rowell, 1995; Harlen, 1997). However, a positive outcome
from the 1981 syllabus was that teachers who taught science tended to be more willing to use
hands on activities; though there also was considerable variation in what the teachers saw as
hands on (personal communication — an unpublished review of public school operations was
conducted in 1999).

The difficulties that many elementary school teachers experience in teaching science
have largely been attributed to the limited amount of study in science undertaken by
elementary teachers (Australian Science Technology and Engineering' Council, 1997,
Department of Employment, Education and Training, 1989). This leads to many teachers

having low levels of confidence to teach science (Abell & Roth, 1992; Appleton, 1995), and

limited pedagogical content knowledge (Shulman, 1987) in science (Appleton & Kindt, 1999;

Osi)ome & Simon, 1996); an essential component to effective science teaching (Veal &

MaKinster, 1999). While other factors such as resource availability and class management
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(Appleton & Kindt, 1997; Varley, 1975) may also contribute to teachers’ difficulties in
teaching science, the above reasons remain foremost in the literature. Given this context, for
many elementary school teachers, the implementation of the new science syllabus presents an
insurmountable problem. Many would simply not try to implement the new syllabus, or
make only a token attempt to do so.
Relation to Other Work

Appropriate professional development for elementary school teachers is one way of
helping some teachers past this barrier so that they could potentially begin to transform their
teaching of science. Previous professional development efforts in Queensland have been
shown to be relatively ineffective (Anderson, 2000). In this study we therefore conducted a
pilot study exploring the type of professional development which would be transformative
for teachers trying to work with the new syllabus (Bell & Gilbert, 1996), but feasible within a
large education system. In the past in Queensland, professional development associated with
the introduction of a new syllabus has tended to be “top down”, where the developers |
identify the new knowledge and skills that teachers need to implement the syllabus, and these
are deliveréd to teachers in whatever format can be afforded by the education system. Partly
because of cost considerations, such professional development has touched only a limited
number of teachers, who typically may receive a few hours — or at best a few days — of
professional development. Implementation of new syllabus has consequently not been very
effective.

Re‘garding professional development for the new Queensland syllabus, elementary
school teachers would need to understand its key elements of outcomes, cbnstmctivism, and

working scientifically. From the literature, we also expect that they would need support in
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science content knowledge, science pedagogical content knowledge, and perhaps aspects of
resourcing and management. Earlier studies (Appleton & Kindt, 1999; Appleton & Doig,
1999) arrived at the notion that some elementary school teachers use “activities that work” as
a substitute for pedagogical content knowledge in science. Suitable activities also provide
some science content background knowledge, as weil as resource and management ideas
(Osborne & Simon, 1996). However, the practice of using isolated activities as the basis for a
science program was shown to have difficulties in terms of students’ cognitive achievement
and the use of constructivist-based teaching strategies advocated in the new science syllabus
material; therefore the notion of “units that work” was proposed (Appleton & Doig, 1999).
This study was therefore built on the premise that an outcome of the professional
development should be science units that work for elementary school teachers. What we did
not know was how the necessary prdfessional development pieces would fit together to
generate this outcome, or even whether this was achievable within the envisaged professional
development framework.
The Study

In discussions with representatives from a local Catholic Education Office, we
identified the need to provide for teachers, effective professional development in
implementing the new science syllabus. Our research purpose was to identify the
professional development needs of teachers in implementing the new science syllabus, with a
view to developing a model or set of principles which might guide the Catholic system in its
provision of support for schools. The initial pilot study which emerged from this research

agenda had both a secondary school and a elementary school focus. This paper reports on the
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pilot study in an elementary school. The results of a pilot study in a secondary school have
been reported by (Harrison & Appleton, 2000).
Methodology

The school which participated in the study was nominated by the Catholic Education
Office (CEO). Two years earlier the school had trialed a draft of the new science syllabus. In
discussion with the school principal aﬁd the CEO curriculum adviser, we decided that the
pilot should involve a focus group of three teachers who had been involved in the draft
syllabus trials, and were therefore familiar with the syllabus. The focus of the pilot study
was on these teachers’ cooperative planning of a science unit of work based on the new
syllabus. From such an activity, we expected that the professional development needs of the
teachers in planning a unit of work would emerge, and the teachers would conclude with a
unit plan that they could use in their classroom.

We felt that the teachers would be best placed to tell us what their needs were, hence
saw them as participant researchers. In the project, we jointly constructed a professional
development plan derived from their existing beliefs and knowledge, their prbfessional
experience, and their experience in the planning exercise; and from my (KA) perceptions of
their expressed and implicit needs identified from the planning exercise and our extensive
professional experience.

The study therefore consisted of a case study of é focus group of teachers involved in
a planning exercise. As is appropriate for such studies, we sought a rich data set in order to
provide a thick description of the planning episodes (Merriam, 1998). This then provides a
basis for the reader to determine the credibility and trustworthiness of the study findings

(Guba & Lincoln, 1989).
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The Participating School and Teachers

The participating school was located in a regional town within the local Diocese of the
CEO. It was a larger school than normally experienced in the Catholic system, with about 430
pupils. The pupils were drawn largely from working and middle class Caucasian families, and
were placed in mixed gender classes.

The three teachers who had been suggested by the principal had been teaching for
more than fifteen years, and one, Robyn, had had recent experience in the United Kingdom.
Peter was enthusiastic about science, and Sarah was a curdculm consultant in science within
the school. The children in the teachers’ classe_s were from grades 4 to 7 (aged approximately
9 to 12 years). All of the teachers had consistently taught science for many years, and were
fairly confident about teaching it, even though none of them had specific science
qualiﬁcations. All of the teachers had been involved in the earlier syllabus trial and were
familiar with its constructivist basis, its notion of working scientifically, and had an
appreciation of the learning outcome framework. That is, we were starting with an unusual
subset of the elementary school teacher population, since these teachers might be considered
as “high flyers” with respect to science teaching. We saw this as a logical place to start our
pilot study as such teachers could more readily reflect on their own needs and professional
development, and would not be reluctant to share their ideas.

Data Collection and Analysis

Three planning meetings of about two hours each were held with the teachers. They
were attended by two researchers, (KA and an assistant, Margaret Rogers) and a Catholic
Education Office curriculum consultant. The teachers were asked to cooperatively plan a unit

of work based on nominated outcomes from the syllabus in the content area of “the Water
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Cycle” for a grade 7 class. As a school plan had not yet been developed?, the planning
activity simulated the information that a school plan would provide for teachers. The activity
helped set the scene for the group meetings so the teachers could quickly move to unit and
lesson planning. Our choice of the content was deliberate, in that we knew that resources
would be available, and that it drew upon science content with which elementary school
teachers traditionally are not confident. Our role during the group meetings was defined as
observers, facilitators and helpers, with these roles being assumed as the need arose.

The meetings were audiotaped, and field notes recorded. Unfortunately, during the
first meeting the cassette recorder malfunctioned, and nothing was recorded, so we had to rely
on our field notes and reflections recorded immediately after the meeting. Later the audiotapes
were transcribed, and key statements and comments from the field notes identified. These
were used to track the procedures used by the teachers in developing their unit plan.
Inferences about professional development needs were drawn from these procedures and
useful statements identified. These insights were fed back into the next meeting at an
appropriate time for consideraﬁon by the teachers. The final session concluded with a
discussion about the format and content of a professional development program which might
suit a wider group of teachers who were less familiar with the syllabus and felt less confident
about teaching science.

The first author and primary researcher in this case study has worked in elementary
science teacher education for 25 years, and before that taught in elementary schools. His
personal approach to teaching and research is derived from a constructivist framework, which
developed initially from a Piagetian view but has more recently moved toward social

constructivist ideas (Appleton, 1997; Mclnerney & Mclnerney, 1998). The data collection
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and analysis have therefore been framed by these views. The analysis and assertions are a
joint construction of both authors.
Results

The results are presented in the form of a reconstructed description of events that
transpired during the series of meetings, with comments where appropriate. Where the first
person is used, this is a comment or perception from the participant researcher (KA).
The First Meeting

After some initial clarification of the purpose of the meetings, the school context, and
how we would work as a group, the planning task was presented to the teachers. They were a
little uncomfortable with being given a content topic different from what they normally
taught, but accepted the necessity to work and plan from “scratch” rather than work fr§m
one of their existing plans. The teachers then reviewed Fhe “target” outcome for the unit
which had been suggested: Earth and Beyond learning outcome 4.1°, and the associated

outcomes at the other levels of 2.1, 3.1 and 5.1. These outcomes are:

2.1 — Students identify and describe changes in the obvious features of the Earth and sky

(including changes in the appearance of the moon).

e - 3.1 — Students identify and describe some interactions (including weathering and erosion)
that occur within systems on Earth and beyond.

e 4.1 - Students recognise and analyse some interactions (including the weather) between
systems of Earth and beyond.

e 5.1 — Students explain how present-day features and events can be used to make

inferences about past events and changes in Earth and beyond.
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Sarah and Peter expressed doubt as to whether grade 7 students were capable of
achieving Level 4 without the benefit of earlier work leading up to this outcome. Robyn
referred to her experience with the National Curriculum in the United Kingdom, highlighting
how the initial specification of outcomes was at too high a level and was later revised to what
children could reasonably be expected to achieve. They decided to “target” outcome 3.1 since
they felt that many students could not achieve level 4.1. This discussion showed that the
teachers were confident that they had a good understanding of their students and what they
could achieve. Their different perception of the students’ capability from that suggested in
the syllabus resulted in a loss of confidence in the appropriateness of the outcome
specifications in the syllabus. However, my feeling was that many grade 7 students would be
capable of achieving the outcome, given appfopriate learning experiences. Perhaps the
teachers’ perceptions of the students’ capability, not surprisingly, were based on their
experience of teaching science based on the previous syllabus.

A number of other issues were canvassed as the teachers grappled with fitting the new
syllabus requirements with their current practice. A key question was the role of subject
integration in a syllabus based on Qutcomes: would the teachers’ current practice of
integrating science with other subjects be possible? They decided that it would be possible,
though separate subject plans may need to be specifically prepared. I encouraged them to
focus on a science plan first, since I felt that teachers who had a firm grasp of planning in
science would then have a sound basis for integrating it with other subjects. I thought that if
they tried to integrate subjects without understanding how to plan in science, this could result
in programs which nominally included science, but were essentially non-science (Appleton &

Kindt, 1997). Another issue which emerged was the teachers’ felt need for a school plan
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which mapped outcomes and content across the grades. None was yet available. This
preference created a dilemma as the teachers also felt that teachers should have flexibility in
their teaching and not be constrained by highly specific school documents. The issue was also
related to the school cmﬁculum adviser’s concern that all school staff should preferably
undertake professional development in science together, so that mutual support networks
could be built. I noted this idea as one to revisit in the next phase of the study involving a
whole school.

A first attempt at interpretation of the outcomes followed. The intent of this
discussion was to reach agreement about how the outcomes for Levels 2, 3 and 4 differed
(Level 5 was considered so far beyond the students’ capability that it was not worth looking
at). The outcomes in the final version of the syllabus differed considerably from those which
had been in the draft version which the teachers had trialed, so they were not clear about the
characteristics of the outcomes. This only emerged as the teachers talked about the outcomes
and highlighted to us a difficulty of professional development providers: assuming that
participants know something about official documentation and/or policy, when in fact there
may be parts which are not known or are, at least, unclear. Once the characteristics of the
outcomes were clarified®, the teachers began to question which water cycle concepts and
understandings might be related to the outcomes at the different levels. It quickly became
apparent that none of the teachers had a deep understanding of the water cycle, which they
admitted. Sarah and Robyn understood that phenomena such as evaporation and
condensation were related to the topic, but were unsure how. Peter explained aspects of this,
but did not elaborate in detail. The teachers’ struggles with the scientific understandings

influenced their ability to plan in two ways. First, they were unsure what the students might
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learn from the unit, and second, they were not confident about being able to tell if a student
was achieving at a particular level outcome, as they had no clear indicators for each. It was
apparent to me that the teachers needed help through this.

Sarah provided some insights into how she dealt with any uncertainty in her
understanding of content in a science unit she might be planning. She explained how she
preferred to search for teacher resources that included student activity ideas, and peruse
them. This both proyided her with activity ideas for planning and helped her understand the
science behind them. The activity descriptions themselves helped in this, but most helpful
were activity ideas which included some background information for teachers. Peter agreed
with this approach and described some student activity ideas which he knew and was
comfortable with, though some of his suggestions were not highly relevant. It seemed as if he
would rather use these activities in preference to trying to find some new ones, even though
some of them were not relevant to the topic. Robyn said that she followed a similar
procedure again comparing the Queensland material to that available in the United Kingdom.
She felt that the UK materials provided much more background information for teachers and
was more useful in planning. This discussion reminded me of the prominent place of
“activities that work” in elementary school teachers’ planning and implementation of science
(Appleton & Doig, 1999). Peter’s preference for using known activities, for instance, showed
how he was willing to change the focus of the unit to avoid searching for new material.

This part of the discussion again highlighted the issue of elementary school teachers’
science content knowledge, and their science pedagogical content knowledge (PCK). As
Appleton and Kindt (1999) suggested, many teachers seem to use activities that work as a

substitute for science PCK. Osborne and Simon (1996) highlighted how a teacher perused
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printed resource materials containing activities to enhance her science content knowledge. It
presented for me a dilemma which [ had been anticipating: how to help these teachers with
their science content knowledge and their science PCK, yet not get bogged down in a lot of
science content so that the teachers felt they lost focus on their planning. At the end of the
session, I offered to bring to the next session a list of understandings related to the topic for
their consideration. This, I hoped, would provide a basic set of understandings which might
generate some discussion and would be useful in the teachers’ planning.

The teachers agreed that they now needed to review resources on the topic, and would
bring them to the next meeting. Before the meeting concluded, some discussion ensued
regarding suitable teaching approaches such as the SEs® (Australian Academy of Science,
1994). All of the teachers indicated that they preferred using the SEs approach.

Subsequent Meetings

The following week, the teachers commenced the session by describing in turn the
activities that they had found. They then began to explore how to sequence them. This
resulted in their revisiting the teaching approach to be adopted in the unit. They confirmed
that they preferred the SEs approach. After about three quarters of an hour, they again were
confronted by the problem of what the students might learn from the unit: that is, the
concepts or understandings which might match with the different level outcomes. Sarah
indicated that she would like some questions to focus her teaching, such as ‘;Where does
water go when it evaporates?” This did not strike a chord with the other teachers. Peter said
that he would want the students to explain how the water cycle works, but was unable to

respond to my query about what type of explanations would fit with the different level
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outcomes. Robyn agreed with the idea of needing to identify understandings the students
might reach, but did not offer any suggestions.

In my judgement, each teacher had a better understanding of the water cycle than they
had the previous week, which I would attribute to the knowledge they had gained from
perusing the activity ideas they had found. I had prepared a list of understandings about the
water cycle at several levels of complexity, and offered this for feedback to see whether it
helped clarify their thinking about understandings related to the outcome levels. As the
discussion about these progressed, it became clear that they would not entertain any
understandings which referred to the molecular level. They justified this on the grounds that
such ideas were too complex for the students, but Robyn revealed that it was too complex for
her as well: “I would avoid that. I don’t know enough about it.” They égreed that the list
which I provided was helpful in clarifying their thinking, but said that the listed
understandings should be levelled against the outcomes for them to be useable. They decided

to do this with the list provided, and in doing so became aware that the understandings listed
also related to outcomes in other strands such as Natural and Processed Materials, and
Energy and Change. The session concluded with a level of frustration among the teachers,
because they felt that they had spent considerable time without showing much progress in
their planning. They recognised that the time which they had spent was necessary in
clarifying their own knowledge base, but also saw this as an imposition which busy teachers
would never have the luxury of engaging in. They stated that the syllabus/curriculum
materials should provide this type of knowledge resource for teachers in order to reduce the

time demands on teachers’ planning.



Herein lies another dileMa. We believe that the teachers’ knowledge base was
extended by the process of examining potential activities for the unit, the outcomes, and
possible student understandings. That is, it was the process of thinking about these and how
they might be used in teaching which was the main avenue for the development of theif
knowledge. If all this were provided in a “prepackaged” form in the syllabus and curriculum
materials as they wanted, to what extent would their knowledge base grow from just reading
it and following the “recipe”? This flagged for us another issue which we would later need to
investigate.

In the final session, Robyn was absent. Sarah and Peter resumed their discussion of
the sequence of activities, and the activities that they would use. Within a short time they had
agreed on a set of activities, and how they would be sequenced using the selected teaching
approach steps. However, they did not refer further to the list of understandings in their
planning; though they seemed to be organising the activities with some of these in mind.
There was considerable discussion about whether the unit as planned would allow students to
demonstrate achievement in Earth and Beyond outcome 4.1, which led to them again exploring
what the wording of the outcome meant (specifically, what “between systems” meant). They
also discussed whether an outcome could be demonstrated by a student from one piece of
content (eg a science topic like “the water cycle”), or whether a student would have to
demonstrate the outcome using more than one area of content (eg the water cycle and global
warming). I explained that a basic assumption behind the outcomes is that they can be
demonstréted by students through different content, but what this idea meant in practice

remained unclear to these teachers.
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The discussion moved onto assessment. The teachers drew upon practices they
currently employed in mathematics and language, which would allow the compilation of
individual portfolios. I asked for clarification about how they would make judgements about
students’ level of achievement, but this had not been a part of their thinking. I asked whether
the list of levelled understandings would be of use in helping them reach decisions about
students’ level of achievement, and this received qualified support. It seemed as if they had
reverted to their old patterns of planning without detailed consideration of specific
understandings which students may learn. Even the discussion about assessment had not
made this consideration an imperative for them. Their qualified support of my suggestion
made us wonder to what extent they would be able to use the listed understandings in their
portfolio assessment. That is, would they be happy with just collecting student artefacts, or
would they also explore the student understandings which the artefacts revealed?

From previous work, I had postulated that one way forward for elementary school
teachers was to provide plans of “units that work” (Appleton & Doig, 1999). I introduced
this idea and asked for feedback as to whether teachers would find such units helpful. Peter
thought it would be very helpful to teachers in general, and would even be useful to him.
Sarah gave qualified agreement, but was concerned that teachers would, by default, become
locked into a restricted curriculum based on the units provided. Peter suggested that a sample
of units could be provided so teachers could see how they were prepared, and could then plan
their own units of work from scratch.

Finally, I introduced the issue of what sort of professional development experiences

they would recommend for less science-experienced teachers trying to implement the new
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syllabus. In light of the planning experience they had just been through, they suggested three

foci for professional development:

e Familiarisation with the syllabus and the support material; and its constructivist basis
(half day).

e Using a pre-prepared model unit plan, showing how the unit plan was prepared, with
explanations as to why each part was included and the significance of any sequence (2
hours).

e The teachers preparing their own unit plan using the modelled unit plan as a template,
with support as required (2 hours).

In response to my query about pedagogical support as well, Peter insisted that they
needed no help in how to teach: “Don’t tell us how to teach. We know how to do that.” |
wondered whether this belief was a misperception, or whether these teachers had
successfully adjusted their teaching to be consistent with the syllabus as a consequence of
their involvement in the syllabus trial. I also wondered to what extent other teachers would
feel the same, even if they had not had the benefit of the syllabus trial. Certainly, the available
research suggests that many teachers do not have activity-based science strategies as part of
their teaching repertoire (eg Appleton & Kindt, 1997). Peter consequently did not believe
that teachers would want to teach from any model unit plans which may be provided, but
would rather teach from their own unit plans which they had themselves devised.

The teachers suggested, in response to my question, that any model unit plan should
include a highly focused list of understandings which would serve as indicators of students’
achievement in the outcomes. I was concerned that the teachers thought that constructivist

ideas could be dealt with in a short one to one and a half hour session. Peter’s comment that
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constructivism was “finding out what the children know” revealed that he had derived a
limited understanding of constructivism from the trial syllabus workshops. Yet his point
about available time for professional development and ensuring that participating teachers
remained interested highlighted how it may not be possible to go much beyond this
understanding iﬁ the early phases of professional development.
Discussion

This joint planning experience provided us a number of insights regarding professional
development support for the new syllabus, as well as how some elementary school teachers
plan for teaching science. The following are several assertions which, in our judgement,

emerge from the data.

An Early Phase of Planning is Gathering of Activity Ideas

By the end of the first session the teachers were uncomfortable about planning further
without searching for and perusing activities that may be relevant to the topic. They later
commented that this was a common planning framework for all subjects, which they had
recognised within the school during the syllabus trial. This is consistent with the importance
of activities that work in teachers’ minds, and figured in earlier work (Appleton & Kindt,
1997; Appleton & Doig, 1999) as well as other studies (eg Osborne & Simon, 1996). We
suggest that this part of teachers’ planning processes should play a significant role in science
professional development.

Science Content Knowledge is Supplemented by Activities

All three teachers gained or clarified their personal science content knowledge

regarding water cycle concepts from perusing the activities they had gathered. This was

evident from their tentative statements about the concepts in the first session, compared to
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their clearer articulation of ideas in the sechd. However, they did not extend their knowledge
base much beyond that which was explained in the activity descriptions, and which the
students may therefore have acquired by engaging in the activity. The source of this content
knowledge was the activities they had collected, which they used to build upon their existing
knowledge base. It is pertinent to note that all of the teachers commenced the exercise with an
existing knowledge base regarding the water cycle, but that it was imprecise and certainly was
not clearly articulated. This may have been due to a reluctance by the teachers to say too
much in case they made a public statement about the content which could be shown incorrect.
In any professional development, there therefore needs to be a process where participating
teachers’ existing knowledge is clarified and affirmed; and they are given the opportunity to
extend that knowledge without explicitly focusing on any gaps in their knowledge. For
instance, there could be a focus on student misconceptions and what the students might learn,
as suggested by Osborne and Freyberg (1985). Reference to activity ideas may be another
way of doing this, and/or consideration of the understandings which might emerge from
students’ engaging in such activities, and which link to learning outcomes. The latter idea is an
imperative if teachers are to be able to work with an outcomes based syllabus: they need to
know the specific understandings that students might achieve which bridge the gap between
the activities they engage in and the syllabus outcomes.

However, the knowledge gained by the teachers in this instance was not extensive
enough to provide them with a strong basis for knowing how to determine whether
understandings which might be developed by students were indicative of particular outcomes.
This raises the question of how much content knowledge is sufficient for teachers to be able

to teach science effectively.
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Science PCK is Bound Up in Activities

It was noticeable that in the three planning sessions, almost all talk that could be
identified as science pedagogical content knowledge (PCK) was in terms of activity ideas.
That is, specific aspects of teaching science were described in terms of activities. However,
the activity ideas were not just descriptions of what the students would engage in; they also
included teaching strategies, management ideas, and in some cases questions to ask the
students. Hence these teachers’ PCK was not confined to the activity descriptions they had
gleaned from books and the internet. These descriptions were augmented by the teachers
using their own pedagogic knowledge. This may be part of what Peter meant when he said
that any professional development should not tell him how to teach. Given that the teachers
also extended and clarified their own science content knowledge through the activities they
had found, this may have enabled them to work with their general pedagogic knowledge to
develop from the activities personal science PCK.

In an earlier study (Appleton & Kindt, 1999), I had postulated that activities that
work may be a substitute for science PCK for at least some elementary teachers. This was
~ only partially true for these teachers, and perhaps “substitute™ is the wrong word for them.
Their science PCK for this topic was inextricably bound up with the activities they had
found because the activities had been used to enhance their science content knowledge and
their science teaching ideas. However, their science PCK was not limited to just the activities
since they had used their extensive general pedagogic knowledge to extend the activity

material.
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Cooperative Planning Assists Teacher Learning

Given our personal orientation toward social constructivist ideas about learning, we
had designed this pilot study so that the teachers would be working in a group on a
cooperative planning exgrcise. We also saw this as the beginning of a potential future
direction of ongoing professional support within the school. The nature of the transactions
between the teachers when they were planning confirmed our belief that cooperative work
enhances teacher-learning. For instance, it was the process of discussing student

understandings related to outcomes that clarified and pushed the teachers’ content knowledge

‘beyond what they had gained from just reading the activity ideas. The sharing of activity

ideas and understandings about aspects of the water cycle also enabled the teachers to
identify gaps in their science content knowledge and science PCK as well as extend their
knowledge. The teachers had also discussed some ideas during the weeks between meetings,
suggesting that ﬁutual support networks may be a means of providing ongoing professional
support. Sarah commented, for instance, that they had deliberately restricted discussion
during the week becausé they were aware that we were wanting to capture their discussions
during our regular meetings. While some teacher professional development can obviously
occur individually and via teachers working with their classes, working cooperatively with
other teachers in a structﬁred learning environment provides opportunities for learning that
are not readily available in other ways.
Curriculum Materials Should Provide Information Which Assists Teachers

While it may seem self-evident that a syllabus and support material should provide
information that assists teachers, this does not always happen as made clear by these

teachers. It quickly became apparent that the material provided within the syllabus was
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inadequate for the three teachers. This was not unexpected as we had identified similar
difficulties when prepariné the content for the CDROM to be distributed to teachers
(Education Queensland, 1999). While it was the intent of the syllabus project team to provide
material which would help teachers (personal communication), political positions within the
QSCC and the fact that this was the first outcomes based syllabus in Queensland, have had
an effect. There is a dilemma here: if sets of concepts are defined, then these can become a de
Jacto syllabus for teachers, and the flexibility afforded an outcomes approach is lost. On the
other hand, unless elementary school teachers are provided with the support that sets of
éoncepts/understandings give, they are not able to plan effectively toward outcomes. Given
that the teachers in this study were experienced and éonﬁdent in science, we do not think
many elementary school teachers would be able to plan adequately with the material provided
by QSCC.

If elementary school teachers in Queensland are to implement the new science
syllabus effectively, they urgently need supplementary information which provides
conceptual ideas which link content to the different level outcomes — even at the risk of
generating a de facto syllabus centred around these conceptual ideas. While the teachers in this
study suggested that such a list should be part of a model unit plan used in professional
development, the need for other lists would occur when they began planning their own units.
At present we see no clear way past this dilemma. Further, these teachers felt that others
would not want model unit plans to implement, but would rather develop their own.
However, we believe that many teachers would welcome some model unit plans in selected

areas of science where they particularly lack confidence. This is an area for future research.
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Assessment Issues Need Clarification

Assessment emerged as an imbortant issue for these teachers. Superficially at least,
their concerns were resolved by their calling upon assessment practices used in other
subjects. However, I am not convinced that the teachers were able to apply these practices to
the outcomes context, and in particular to identifying student understandings which might
indicate performance at different outcome levels. Interestingly, assessment was not
nominated by the teachers to be included in an initial professional development program for
teachers. We believe that assessment issues would probably be raised during planning
components of the proposed professional development session, but recognise that there
would be insufficient time to deal with it adequately. Further research will be necessary to
clarify whether assessment can be left for a follow up professional development session, or
whether it should be incorporated into the initial program.

Principles for Professional Development

A tentative set of principles for provision of professional development to support the
implementation of the new syllabus emerged from the study, though aspects remain unclear
and require further clarification. A constraint of the professional development provision was
that it needed to fit within the personnel availability and cost restrictions of the local Catholic
Education system, particularly when taken to schools in remote areas. For instance, even if
funds were available for replacement teachers, some remote schools would be able to find
only one or two replacement teachers, making large-scale or school-based professional
development sessions impractical. This constraint was implicit in our discussions with the

teachers.



Principle 1
Provide an initial professional development program which is short, highly focused,
and maintains teachers’ interest. An initial professional development program of about seven
to eight hours was nominated by the teachers as appropriate for most teachers. This would
have three phases consisting of:
1. an orientation to the syllabus which identifies the main components of levelled

outcomes, working scientifically, and constructivist ideas of learning;

2. an examination of a-model unit plan with an explanation of how it was constructed,
which would include consideration of the activities used, the teaching approach
employed, and the understandings which could be used as indicators of student

achievement of the outcomes; and

3. a cooperative planning session where teachers plan their own science units of work,
with assistance. A key component of this assistance would be to ask teachers to
consider the understandings associated with the outcomes which could serve as
indicators of student achievement and would bridge the conceptual gap between the

activities and outcomes.

Principle 2

Embed the brofessional development in the teachers’ workplace. An important framework
for the third phase mentioned above, would be using the school science plan as a basis for the
teachers’ planning. The detail of how student understanciings in selected content areas align
with level outcomes would require further clarification as this would not normally be a

component of a school plan. Any science units planned should be useable by the teachers in

thair nlacoranmec
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Principle 3
Cooperative networks should be part of the professional development environment. A key
component of the professional development was working cooperatively with other teachers,
especially in planning.

Principle 4

Provide ongoing support. This would particularly be needed in:

1. further exploration of teaching using constructivist ideas of learning;
2. help with specific aspects of science content;
3. assistance in finding a range of activity ideas;

4. exploration of effective ways of assessing and reporting student achievement in terms of

the outcomes; and

5. in-class support for trying different teaching strategies and approaches.

Principle S

Finally, the syllabus and support material need to be supplemented by material which
the teachers find useful. While this is not what might nox;mally be considered a component of
professional development, its absence in this case has implications for the nature of
professional development which supports teachers trying to implement the new syllabus.
For instance, should effort be put into using units that teachers develop in phase three above
as a basis for the development of rﬁodel units which other teachers could use? If so, what
professional development, if any, is necessary to help teachers use such materials effectively?
Further, given that student understandings linked to content and outcomes is not available,

should this be provided as supplementary support material?
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Conclusion

In this pilot study we had not attempted to observe the teachers implementing the
unit plan which they had prepared. However, it was apparent thatl this would be a necessary
component of further research into the trials of the professional development program
provided for teachers. A focus of this component of the research would need to be on the
teachers’ effective use of constructivist-based pedagogy, the extent that teachers focus on
enhancing students’ conceptual learning related to the outcomes, and determining student
learning.

This study has clarified some aspects of science PCK for experienced elementary
school teachers, and given directions for providing professional development to support the
implementation of a new outcomes based science syllabus. A number of dilemmas in
professional development support have been identified, which will lead to compromises and
the need for long-term professional support. This is a key cost issue for the education
system. The relationship between activities and science PCK for less experienced and less
confident teachers needs further clarification and study. This pilot study has also provided
directions for future research in trialing the suggested professional development program and
in exploring whether model unit plans are helpful to other less-confident teachers.
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Footnotes

1. Elementary school in Queensland, usually referred to as primary school, covers Years
(grades) 1 to 7 — that is, children aged 5 to 12 years. There is a voluntary preschool year
for children aged four years.

2. The syllabus was introduced only a few months prior to the commencement of the study.

3. The first numeral indicates the level of the outcome. The syllabus has six levels across the
ten years of compulsory schooling, with the expectation that Level 4 should be achieved
by the end of grade 7, Level 5 by the end of grade 9, and Level 3 by the end of grade 5.
The second, decimal numeral indicates the sequence of the outcomes in the concept area
or strand.

4. The Queensland syllabus outcomes state what students should know and be able to do.
They contain words which reflect working scientifically, and others which suggest
conceptual understanding.

5. The SEs approach, originally derived from SCIS, is named after the five steps of engage,
explore, explain, elaborate, and evaluate. The syllabus support material (QSCC, 1999b)
emphasises planning a unit of work structured around an overall teaching approach such
as SEs or the Interactive Approach (Biddulph & Osborne, 1984; Appleton, 1993).
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VIEWS OF NATURE OF SCIENCE QUESTIONNAIRE (VNOS): TOWARD
VALID AND MEANINGFUL ASSESSMENT OF LEARNERS’
CONCEPTIONS OF NATURE OF SCIENCE

Fouad Abd-El-Khalick, University of Illinois at Urbana-Champaign
Norm G. Lederman, Oregon State University
Randy L. Bell, University of Virginia
Renee’ S. Schwartz, Oregon State University
During the past 85 years, almost all scientists, science educators, and science education
organizations have agreed upon the objective of helping students develop informed conceptions
of nature of science (NOS) (Abd-El-Khalick, Bell, & Lederman, 1998). Presently, and despite
their varying pedagogical or curricular emphases, there is agreement among the major reform
efforts in science education (American Association for the Advancement of Science [AAAS],
1990, 1993; National Research Council [NRC], 1996) around the goal of enhancing students’
conceptions of NOS. However, research has consistently shown that K-12 students, as well as
teachers, have not attained desired understandings of NOS (e.g., Abd-El-Khalick & Lederman,
2000a; Duschl, 1990; Lederman, 1992). Several attempts have been, and continue to be,
undertaken to enhance students and science teachers’ NOS views (e.g., Akerson, Abd-El-
Khalick, & Lederman, 2000; Billeh & Hasan, 1975; Carey & Stauss, 1967, 1968; Carey, Evans,
Honda, Jay, & Unger, 1989; Haukoos & Penick, 1983, 1985; Jelinek, 1998; Ogunniyi, 1983;
Olstad, 1969; Shapiro, 1996; Scharmann & Harris, 1992; Solomon, Duveen, & Scot, 1994).
Nevertheless, the assessment of learners’ views of the scientific endeavor remains an
issue in research on NOS (Lederman, Wade, & Bell, 1998). In the greater majority of the
aforementioned efforts, standardized and convergent paper-and-pencil instruments have been
used to assess learners’ NOS views. Several problematic assumptions underlie such instruments

and cast doubt on their validity. Moreover, there are several concerns regarding the usefulness of
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standardized instruments for research related to NOS. The purpose of this péper is to (a) trace the
development of a new instrument, the Views of Nature of Science Questionnaire (VNOS), which
in conjunction with individual interviews, aims to provide authentic and meaningful assessments
of learners’ NOS views, (b) elucidate the use of the VNOS and associated interviews, and the
range of NOS aspects that it aims to assess, (c) present evidence regarding the validity of the
VNOS, and (d) discuss the usefulness of rich descriptive NOS profiles that the VNOS provides in
research related to the teaching and leéming of NOS. However, before discussing the VNOS, we
will outline the NOS framework that underlies its development, and delineate the problematic

nature of standardized and convergent type paper-and-pencil NOS instruments.

NOS

Typically, NOS refers to the epistemology of science, science as a way of knowing, or
the values and beliefs inherent to scientific knowledge and its development (Lederman, 1992).
These characterizations, nevertheless, remain fairly general, and philosophers, historians, and
sociologists of science are quick to disagree on a specific definition for NOS. Such disagreement,
however, should not be surprising or disconcerting given the multifaceted and complex nature of
the scientific enterprise. Moreover, similar to scientific knowledge, conceptions of NOS are
tentative and dynamic. These conceptions have changed throughout the development of science
and systematic thinking about its nature and workings (Abd-El-Khalick & Lederman, 2000a).

It is our view, however, that many of the disagreements about the specific definition or
meaning of NOS that continue to exist among philosophers, historians, séciologists, and science
educators are irrelevant to K-12 instruction. The issue of the existence of an objective reality as

compared to phenomenal realities is a case in point. Moreover, at one point in time and at a
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certain level of generality, there is a shared wisdom (even though no complete agreement) about
NOS amongst philosophers, historians, and sociologists of science (Smith, Lederman, Bell,
McComas, & Clough, 1997). For instance, presently, it would be very difficult to reject the
theory-laden nature of scientific observations and investigations, or to defend a
deterministic/absolutist or empiricist conception of NOS. At such a level of generality, some
important aspects of NOS are non-controversial. Some of these latter aspects, which we believe
are accessible to K-12 students and relevant to their daily lives, were adopted and emphasized for
the purpose of developing the VNOS. These aspects are that scientific knowledge is: tentative,
empirically-based, subjective (theory-laden), partly the product of human inference, imagination,
and creativity, and socially and culturally embedded. Three additional important aspects are the
distinction between observation and inference, the lack of a universal recipe-like method for
doing science, and the functions of, and relationships between scientific theories and laws. It
should be noted that these NOS aspects have been emphasized in recent science education
reform documents (e.g., AAAS, 1990, 1993; NRC, 1996).

In this regard, it is crucial to note that individuals often conflate NOS with science
processes. In agreement with the reform documents (AAAS, 1990, 1993; NRC, 1996), we
consider scientific processes to be activities related to the collection and interpretation of data,

“and the derivation of conclusions. NOS, by comparison, is concerned with the values and
epistemological assumptions underlying these activities (Abd-El-Khalick et al., 1998). For
example, observing and hypothesizing are scientific processes. Related NOS conceptions include
the understandings that observations are constrained by our perceptual apparatus, that the

generation of hypotheses necessarily involves imagination and creativity, and that both activities
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are inherently theory-laden. Although there i's overlap and interaction between science processes
and NOS, it is nevertheless important to distinguish the two.

Before turning to briefly discuss the aforementioned NOS aspects, it should be
emphasized that the generalizations presented in this discussion should be construed in the
context of K-12 science education, rather than the context of educating graduate students in
philosophy or history of science. Moreover, it sh'ould be noted that in the context of K-12
education, each of these NOS aspects could be approached at different levels of depth and

complexity depending on the background and grade level of students.

The Empirical Nature of Scientific Knowledge

Science is, at least partially, based on and/or derived from observations of the natural
world, and “sooner or later, the validity of scientific claims is settled by referring to observations
of phenomena” (AAAS, 1990, p. 4). However, scientists do not have “direct” access to most
natural phenomena. Observations of the natural world are always filtered through our perceptual
apparatus and/or intricate instrumentation, interpreted from within elaborate theoretical
frameworks, and almost always mediated by a host of assumptions that underlie the functioning

of “scientific” instruments.

Observation, Inference, and Theoretical Entities in Science

All students should be able to distinguish between observation and inference.
Observations are descriptive statements about natural phenomena that. are directly accessible to
the senses (or extensions of the senses) and about which several observers can reach consensus
with relative ease. For example, objects released above ground level tend to fall to the ground.

By contrast, inferences are statements about phenomena that are not directly accessible to the
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senses. For example, objects tend to fall to the ground because of ‘“‘gravity.” The notion of
gravity is inferential in the sense that it can only be accessed and/or measured through its
manifestations or effects. Examples of such effects include the perturbations in predicted
planetary orbits due to inter-planetary “attractions,” and the bending of light coming from the
stars as its rays pass through the sun’s “gravitational” field.

An understanding of the crucial distinction between observation and inference is a
precursor-to making sense of a multitude of inferential and theoretical entities and terms that
inhabit the worlds of science. Examples of such entities from the physical sciences include
atoms. molecular orbitals, photons, magnetic fields, and gravitational forces. Theoretical entities
also abound in the biological sciences, such as the concept of species, which “like the terms
‘gene,’ ‘electron,’ ‘non-local simultaneity,” and ‘element,’ is a theoretical term embedded in a

significant scientific theory” (Hull, 1998, p. 146).

Scientific Theories and Laws

Scientific theories are well-established, highly substantiated, internally consistent systems
of explanations (Suppe, 1977). Theories serve to explain relatively huge sets of seemingly
unrelated observations in more than one field of investigation. For example, the kinetic
molecular theory serves to explain phenomena related to changes in the physical states of matter,
the rates of chemical reactions, and still other phenomena related to heat and its transfer. More
importantly, theories play a major role in generating research problems and guiding future
investigations.

Scientific theories are often based on a set of assumptions or axioms and often posit the
existence of non-observable entities. As such, theories cannot be directly tested. Only indirect

evidence can be used to support theories and establish their validity. To test theories (or



hypotheses), scientists derive specific testable predictions from those theories (or hypotheses)
and check‘ them against tangible data. An agreement between such predictions and empirical
evidence serves to increase the level of confidence in the tested theory (or hypothesis).

Closely related to the distinction between observation and inference is the distinction
between scientific laws and theories. Generally speaking, scientific laws are statements or
descriptions of the relationships among observable phenomena. Boyle’s law, which relates the
pressure of a gas to its volume at a constant temperature, is a case in point. Scientific theories, by
contrast, are inferred explanations for observable phenomena or regularities in those phenomena.
The kinetic molecular theory, which explains Boyle’s law, is one example. Students often hold a
simplistic, hierarchical view of the relationship between theories and laws whereby theories
become laws depending on the availability of supporting evidence. Moreover, those students
believe that scientific laws have a higher status than scientific theories. Both notions, however,
are inappropriate. Theories and laws are different kinds of knowledge and one does not become
the other. Theories are as legitimate a product of science as laws. Scientists do not usually

formulate theories in the hope that some day they would acquire the status of “law.”

The Creative and Imaginative Nature of Scientific Knowledge

Science is empirical. The development of scientific knowledge involves making
observations of natural phenomena. Nonetheless, generating scientific knowledge also involves
human imagination and creativity. Science, contrary to common belief, is not a lifeless,
completely rational, and orderly activity. Science involves the invention of explanations and
theoretical entities, which requires a great deal of creativity on the part of scientists. The “leap”
from atomic spectral lines to Bohr’s model of the atom with its elaborate orbits and energy levels

is a case in point. This aspect of science, coupled with its inferential nature, entails that scientific
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entities, such as atoms and species, are functional theoretical models rather than faithful copies

of “reality.”

The Subjective and Theory-laden Nature of Scientific Knowledge

Scientific knowledge is subjective or theory-laden. Scientists’ theoretical and disciplinary
commitments, beliefs, previous knowledge, training, experiences, and expectations actually
influence their work. All these background factors form a mind-set that affects the problems
scientists investigate and how they conduct their investigations, what they observe (and do not
observe), and how they make sense of, or interpret their observations. It is this (éometimes
collective) individuality or mind-set that accounts for the role of subjectivity in the production of
scientific knowledge. It is noteworthy that, contrary to common belief, science never starts with
neutral observations (Popper, 1992). Observations (and investigations) are always motivated and
guided by, and acquire meaning in reference to questions or problems. These questions or

problems, in turn, are derived from within certain theoretical perspectives.

The Social and Cultural Embeddedness of Scientific Knowledge

Science as a human enterprise is practiced in the context of a larger culture and its
practitioners (scientists) are the product of that culture. Science, it follows, affects and is affected
by the various elements and intellectual spheres of the culture in which it is embedded. These
elements include, but are not limited to, social fabric, power structures, politics, socioeconomic
factors, philosophy, and religion. An example may help to illustrate how social and cultural
factors impact scientific knowledge. Telling the story of the evolution of humans (Homo sapiens)
over the course of the past 7 million years is central to the biosocial sciences. Scientists have

formulated several elaborate and differing storylines about this evolution. Until recently, the



dominant story was centered about “the man-hunter” and his crucial role in the evolution of
humans to the form we now know (Lovejoy, 1981). This scenario was consistent with the white-
male culture that dominated scientific circles up to the 1960s and early 70s. As the ferﬁinist
movement grew stronger and women were able to claim recognition in the various scientific
disciplines, the story about hominid evolution started to change. One story that is more consistent
with a feminist approach is centered about “the female-gatherer” and her central role in the
evolution of humans (Hrdy, 1986). It is noteworthy that both story lines are consistent with the

available evidence.

Myth of “The Scientific Method”

One of the most widely held misconceptions about science is the existence of “The
Scientific Method.” The modern origins of this misconception could be traced back to Francis
Bacon’s Novum Organum (1620/1996) in which the inductive method was propounded to
guarantee “certain” knowledge. Since the 17" century, inductivism and several other
epistemological stances that aimed to achieve the same end (although in these latter stances the
criterion of “certainty” was either replaced with notions of “high probability” or abandoned
altogether), such as Bayesianism, falsificationism, and hypothetico-deductivism, have been
debunked (Gillies, 1993). Nonetheless, some of these stances, especially inductivism and
falsificationism, are still widely popularized in science textbooks and even explicitly taught in
classrooms. The myth of “The Scientific Method” is regularly manifested in the belief that there
is a recipe-like stepwise procedure that all scientists follow when they “do” science. This notion
was explicitly debunked by the National Science Education Standards (NRC, 1996) and
Benchmarks for Science Literacy (AAAS, 1993). There is no single “Scientific Method” that‘

would guarantee the development of infallible knowledge (Bauer, 1994; Lederman, Farber, Abd-
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El-Khalick, & Bell, 1998; Shapin, 1996). It is true that scientists observe, compare, measure, test,
speculate, hypothesize, create ideas and conceptual tools, and construct theories and
explanations. However, there is no single sequence of activities (prescribed or otherwise) that
will unerringly lead them to functional or valid solutions or answers, let alone “certain” or “true”

knowledge.

The Tentative Nature of Scientific Knowledge

Scientific knowledge, though reliable and durable, is never absolute or certain. This
knowledge, including “facts,” theories, and laws, is subject to change. Scientific claims change
as new evidence, made possible through advances in theory and technology, is brought to bear
on these claims, and as extant evidence is reinterpreted in the light of new theoretical advances,
changes in the cultural and social spheres, or shifts in the directions of established research
programs. It should be emphasized that tentativeness in science does not solely arise from the
fact that scientific knowledge is inferential, creative, and socially and culturally embedded.
There are also compelling logical arguments that lend credence to the notion of tentativeness.
Indeed, contrary to common belief, scientific hypotheses, theories, and laws can never be
absolutely “proven.” This Holds irrespective of the amount of empirical evidence gathered in the
support of one of these ideas or the other (Popper, 1963, 1988). For example, to be “proven,” a
certain scientific law should account for every single instance of the phenomenon it purports to
describe at all times. It can logically be argued that one such future instance, of which we have
no knowledge whatsoever, may behave in a manner contrary to what the law states. As such, the
law can never acquire an absolutely “proven” status. This equally holds in the case of hypotheses

and theories.



Problematic Nature of Standardized and Convergent Paper-and-Pencil NOS Instruments

During the past 40 years, more than 20 standardized and convergent paper-and-pencil
instruments have been developed to assess learners’ NOS views (Lederman et al., 1998).
Examples of such instruments include Test on Understanding Science (Cooley & Klopfer, 1961),
Science Process Inventory (Welch & Pella, 1967-68), Nature of Science Scale (Kimball, 1967-
68), Nature of Science Test (Billeh & Hasan, 1975), Conceptions of Scientific Theories Test
(Cotham & Smith, 1981), and Modified Nature of Scientific Knowledge Scale (Meichtry, 1992).
These instruments comprised forced-choice, such as agree/disagree, Likert-type or multiple-
choice items.

Many criticisms have been leveled against the use of standardized instruments to assess
learners’ NOS views. Two major criticisms were related to these instruments’ validity. First,
Aikenhead, Ryan, and Desautels (1989) and Lederman and O’Malley (1990) argued that such
instruments were all based on a problematic assumption. These instruments assumed that
respondents perceive and interpret an instrument’s items in a manner similar to that of the
instrument developers. Lederman and O’Malley argued that ambiguities, which seriously
threaten these instruments’ validity, result from assuming that respondents understand a certain
statement in the same manner that the researchers or instrument developers would, and agree or
‘ disagree with that statement for reasons that coincide with those of the researchers or instrument
developers. Second, Lederman et al. (1998) noted that standardized instruments usually reflected
their developers’ views and biases related to NOS. Being of the forced-choice category, these
instruments ended up imposing the researchers’ or developers’ own views on the respondénts.
Additionally, responses to instrument items were usually designed with various philosophical

stances in mind. As such, irrespective of the choices the respondents made, they often ended up

t g%
P
<O



being labeled as if they firmly held coherent7 consistent philosophic stances such as inductivist,
verificationist or hypothetico-deductivist (e.g., Dibbs, 1982; Hodson, 1993). Thus, the views that
ended up being ascribed to respondents were more an artifact of the instrument in use than a
faithful representation of the respondents’ conceptions of NOS.

A third criticism relates to the usefulness of standardized instruments. These instruments
were mainly intended to label participants’ NOS views as “adequate” or “inadequate”—mostly
by assigning those views cumulative numerical values—rather than elucidating and clarifying
such views. What is more, researéhers and instrument developers never clarified what numerical
value on such instruments constituted an “adequate” view of NOS (Lederman, 1986). As such,
the use of standardized instruments severely limits the feasibility of drawing meaningful
conclusions regarding learners’ NOS views and/or assessing the meaningfulness and importance
of any gains in understanding NOS achieved by learners as a result of various instructional
interventions. Indeed, the use of standardized and convergent NOS assessment instruments is
more commensurate with the largely abandoned inputs-outputs behavioristic approach to
teaching and learning than with the cognitive constructivist approach that is currently widely

endorsed by science educators.

Development of the VNOS

VNOS-Form A

In response to the discussed state of affairs, Lederman and O’Malley (1990) developed a
seven-item open-ended questionnaire, which they intended to use in conjunction with follow-up
individual interviews to assess high school students’ views of the tentative NOS. The

questionnaire consisted of the following seven items:
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1. After scientists have developed a theory (e.g., atomic theory), does the theory ever
change? If you believe that‘ theories change, explain why we bother to learn about theories.
Defend your answer with examples.

2. What does an atom look like? How do scientists know that an atom looks like what
you have described or drawn?

3. Is there a difference between a scientific theory and a scientific law? Give an example
to illustrate your answer.

4. How are science and art similar? How are they different?

5. Scientists perform gcientific experiments/investigations when trying to solve problems.
Do scientists use their creativity and imagination during these experiments/investigations?

6. Is there a difference between scientific knowledge and opinion? Give an example to
illustrate your answer.

7. Some astrophysicists believe that the universe is expanding while others believe that it
is shrinking; still others believe that the universe is in a static state without any expansion or
shrinkage. How are these different conclusions possible if all of these scientists are looking at the
same experiments and data?

The use of an open-ended questionnaire was intended to avoid the problems inherent in
the use of standardized forced-choice instruments. In conirast to forced-choice items used in
convergent style instruments, open-ended items allow respondents to elucidate their own views
regarding the target aspects of NOS and the reasons that underlie their views. Moreover, given
the concern with the meanings that participants ascribed to the target NOS aspects, and the
researchers’ interest in elucidating and clarifying participants’ NOS views rather than simply

labeling or judging them, it was imperative to avoid misinterpreting participants’ responses to the
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questionnaire. As such, individual semi-structured interviews were used to substantiate the
validity of the researchers’ interpretations of participants’ responses as well as establish the face
validity of the questionnaire items. The interviews also aimed to generate in-depth profiles of
participants’ NOS views. During these interviews, participants were provided their
questionnaires (pre énd post academic year) and asked to read, explain, and justify their
responses. By asking respondents to elaborate and/or justify their answers, the researchers were
able to éssess not only respondents’ positions on certain issues related to NOS, but the
respondents’ reasons for adopting those positions as well.

Lederman and O’Malley (1990) found that inferences drawn regarding participants’ NOS
views from 3 of the 7 open-ended questionnaire items were not validated during the interviews.
Participants were either unable to interpret the intended meaning of these three items or found
the items to be vague. These were items 4, 5, and 6 and were eliminated from final analyses. For
example, item 5 was intended to assess whether students believed scientists used any creativity
or imagination in the interpretation of data, or whether they believed the process to be totally
objective. The data indicated that students simply considered the planning of the investigation.
That is, students typically believed that scientists needed to be creative to design investigations.
In short, students’ responses clearly showed that the item did not assess the intended students’
beliefs. These res-ults, ar]d others, corroborated the earlier arguments regarding the inadequacies
associated with using standardized paper-and-pencil instruments as the sole means to assess
learners’ NOS views. In this “first attempt,” the researchers reported inferences based on
participants’ responses to the remaining four items (items 1, 2, 3, and 7), whose validity was
generally substantiated during individual interviews. But, even with these items, the problem of

researchers’ misinterpreting students’ responses could not have been avoided without interviews.
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For example, in responses to item 3, students consistently used the word “prove” when
distinguishing laws and theories. This led the researchers to conclude that students held
absolutist views of scientific knowledge. However, during the interviews, it became clear that
students did not use the word “prove” in an absolute sense at all. Indeed, their use of the term
was quite consistent with the way scientists use it. So, although the item was valid in its
assessment of targeted student views, interpretation of student meaning (without interviews) led
to the wrong conclusion by the researchers. These results provided further support for the
importance of using follow-up interviews whenever paper-and-pencil NOS assessments are used.
The open-ended questionnaire used by Lederman and O’Malley represented an initial attempt to
validly assess students’ perceptions and was systematically changed based on student responses
in an attempt to improve validity. This first questionnaire is conscidered the first form of the

VNOS instrument (VNOS-A).

VNOS-Form B

Abd-El-Khalick et al. (1998) revised some of the VNOS-A items and used this form of
the instrument (Form B) to assess preservice secondary science teachers’ views of the tentative,
empirical, inferential, creative, and subjective NOS, as well as the functions of, and relationships
between theories and laws. Initially, the administration of the VNOS-B (see Figure 1) was
intended to elicit participants’ views about some NOS aspects and create a context in which
these views could be discussed. This administration was followed with in-depth individual
interviews with all participant teachers. During these interviews, participants were provided their
questionnaires and asked to read and explain their responses. Participants were asked to clarify

21}

the meanings they ascribed to key terms, such as “creativity,” “opinion,” and “evidence,” and

provide specific examples to illustrate and contextualize their views. Follow-up and probing

<44



VNOS-Form B

1. After scientists have developed a theory (e.g., atomic theory), does the theory ever change? If
you believe that theories do change, explain why we bother to teach scientific theories.
Defend your answer with examples.

2. What does an atom look like? How certain are scientists about the structure of the atom?
What specific evidence do you think scientists used to determine what an atom looks like?

3. Is there a difference between a scientific theory and a scientific law? Give an example to
illustrate your answer.

4. How are science and art similar? How are they different?

5. Scientists perform experiments/investigations when trying to solve problems. Other than the
planning and design of these experiments/investigations, do scientists use their creativity and
imagination during and after data collection? Please explain your answer and provide
examples if appropriate.

6. Is there a difference between scientific knowledge and opinion? Give an example to illustrate
your answer.

7. Some astronomers believe that the universe is expanding while others believe that it is
shrinking; still others believe that the universe is in a static state without any expansion or
shrinkage. How are these different conclusions possible if all of these scientists are looking at
the same experiments and data?

Figure 1. Views of Nature of Science Questionnaire (Form B)

questions were also used to clarify vague statements or seeming contradictions in participants’
responses. In a sense, the researchers were “learning to read” responses to the VNOS-B from the
participants’ perspectives.

The VNOS-B was used in subsequent studies with preservice secondary science teachers
(Bell, Lederman, & Abd-El-Khalick, 2000) and preservice elementary teachers (Akerson, Abd-
Ei-Khalick, & Lederman, 2000; Akerson & Abd-El-Khalick, 2000). In these studies, evidence
regarding the validity of the instrument started to emerge. It became apparent that the

researchers’ interpretations of participants’ views based on analyses of the VNOS-B responses
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were mostly congruent with views expressed by those participants during individual interviews.
Indeed, the VNOS-B was sensitive to recurrent patterns and themes, idiosyncrasies, as well as
subtle changes in participants’ NOS views. Nonetheless, subtle differences in the specific
meanings that participants in each of these studies assigned to a certain NOS aspect were
observed. Follow-up interviews remained crucial for valid interpretations of participants’
responses to the questionnaire. However, as the researchers became more cognizant of the
meanings that participant preservice teachers ascribed to key terms and phrases, and developed
more expertise in interpreting participants responses, it was apparent that it was not imperative to
interview all participants following an administration of the VNOS-B. Depending on the sample
size, the researchers were now obtaining redundant meanings, categories, and themes (Lincoln &

Guba, 1985) from interviews with 15-20% of participants.

Establishing the Construct Validity of the VNOS-B

A recent investigation (Bell, 1999) into the decision making of NOS experts and non-
experts provided an excellent opportunity to assess the construct validity of the VNOS-B. If the
instrument had construct validity, then respondents with assessed thorough understandings of
NOS should respond much differently than those assessed to possess naive understandings. A
sample of adults was purposively selected to participate in the study. Secondary students were
not selected for the principle reason that the nature of the study required one group to have
expert understandings of NOS. This criterion ruled out the vast majority of, if not all, adolescents
(Aikenhead, 1973, 1987; Bady, 1979; Gilbert, 1991; Lederman & O’Malley, 1990; Mackay,
1971; Rubba & Anderson, 1978; Wilson, 1954). The Expert group comprised nine individuals
with doctoral degrees in science education, history of science or philosophy of science.

Individuals in these fields may reasonably be expected to have developed NOS understandings



consistent with those espoused by current reform efforts. Members of the Novice group were
purposively selected to be comparable to those of the Expert group, except for their expected
levels of NOS understandings. These nine individuals had comparable educational backgrounds,
but their doctoral degrees were in fields, such as American literature, history, and education, in
which they were less likely to have contemplated the nature of scientific knowledge.

Each participant completed the VNOS-B. The completed questionnaires were first used to
generate summaries of each participant’s views. Next, the summaries were searched for patterns
and/or categories. These categories were then checked against confirmatory or 6therwise
contradictory evidence in the data and modified accordingly. Several rounds of category
generation, confirmation, and modification were conducted to satisfactorily reduce and organize
the data. The categories were then used to construct preliminary profiles of participants’ NOS
views. After the analysis of the questionnaire responses was completed, participants were
individually interviewed to provide them with opportunities to clarify and elaborate on their
written responses. They were asked to explain their responses to each item and to respond to
requests for clarification or elaboration. The interviews lasted approximately 45 minutes. All
interviews were audiotaped and transcribed for analysis. The interview transcripts were first
reviewed in order to generate a second set of summaries of each participant’s views. Next, these
" summaries were scrutinized for patterns and/or categories, which were then checked against the
data and modified accordingly. Final.ly, the profiles generated from the separate analyses of the
questionnaires and corresponding interviews were compared. When discrepancies between the
two profiles were evident, the data were reexamined to determine which profile best reflected the
participant’s views. Data analyses indicated that the Expert group’s responses to the VNOS-B

reflected current understandings at a rate nearly three times higher than those of the Novice
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group (see Table 1). The results of this investigation lent strong support to the validity of the
VNOS-B. Following are brief descriptions of Expert and Novice group responses to the VNOS-B

items for each assessed aspect of NOS.

The Empirical Nature of Scientific Knowledge

All Expert group responses to VNOS-B #1 or #4 referred to the empirical NOS. Typical
responses included descriptions of scientific knowledge as based on natural phenomena,
evidence, data, information, and observation. Several Expert group participants attempted to
describe science as a way of knowing by contrasting it with art or religion. These participants
tended to focus on science’s reliance on empirical data and reason, in contrast to art’s focus on
aesthetics and religion’s reliance on faith and revealed truth. None of the Expert group
participants spoke of science using observations or evidence to “prove” its conjectures. Rather,
they tended to view empirical evidence as supportive, but not able to prove scientific claims in
any absolute sense. Additionally, they did not see physical evidence as being the sole
determinant in choosing between competing ideas or theories. Rather, they viewed scientific
claims as being based on a mix of observational, personal, social, and culiural influences.

The Novice group participants also expressed a belief in an empirical basis for scientific
knowledge. Unlike their Expert counterparts, however, many of the Novice group participants
indicated that scientific knowledge is based solely on the evidence. In their view, the reliance on
empirical evidence makes science an objective endeavor. Thus, they emphasized empiricism to
the exclusion of the more personal attributes of interpretation, speculation, and opinion. Other
Novice group participants spoke of science as a search for objective “truth.” Indeed, 6 of the 9
(67%) Novice group participants emphasized the empirical nature of scientific claims to the

exclusion of subjective factors, such as human bias and values.
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Table 1

Comparison of Expert and Novice Group Responses to the VNOS-B

NOS Aspect Expert group Novice group
Empirical Nature of Scientific Knowledge
Observations used to make scientific claims 9 (100%) 8 (89%)
Science does not rely solely on empirical 9 (100%) 3 (33%)
evidence
Supports, rather than proves, scientific claims 9 (100%) 3 (33%)
Inference and Theoretical Entities in Science
Inferential nature of atomic models 9 (100%) 6 (67%)
Nature of Scientific Theories
Theories change due to new evidence 9 (100%) 7 (78%)
Theories change due to new ways of looking at 8 (89%) 4 (44%)
existing evidence
Explanatory power of scientific theories 8 (89%) 1 (11%)
Theories are well-substantiated 9 (100%) 0 (0%)
Theories provide a framework for current 7 (78%) 1 (11%)
knowledge and future investigations
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