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Preface

The editors are pleased to present the proceedings of the 2002 Annual
International Conference of the Association for the Education of Teachers in
Science, held in Charlotte, North Carolina, January 10-13, 2002. This is the
seventh in the set of proceedings of AETS annual conferences. Over 70 papers
and summaries of presentations from the conference are included. They are
ordered by the corresponding conference session and then by the first author’s last
name. The conference program also is included for reference.

The papers and presentation summaries submitted for inclusion in the
proceedings were reviewed by one of the four editors. They were not heavily
edited and were not refereed, so they serve as a record of papers and presentation
summaries from the 2002 AETS annual meeting.

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.The AETS.org. 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 RTF (Rich Text Format) files.

We are very pleased to have had the opportunity to edit the seventh in the
set of AETS annual conference 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

ii



Acknowledgment

The editors gratefully acknowledge the assistance of Nancy J. Thomas in helping
to compile these proceedings and Bobbi Robison for placing them on the Web.

i 4




Table of Contents

Title Page
Preface
Acknowledgement

Tablelof Contents

2002 AETS Conference Program

Association for the Education of Teachers in Science, 2002 Annual
International Conference, Charlotte, North Carolina, January 10-13,
2002.

2002 AETS Conference Papers and Presentation
Summaries

TEACHING SCIENCE METHODS COURSES WITH
WEB-ENHANCED ACTIVITIES '
Alec M. Bodzin, Lehigh University

Session T1

HOW IS YOUR LAWNMOWER WORKING?
UNDERSTANDING SCIENTIFIC INQUIRY THROUGH
METAPHORS
William S. Harwood, Indiana University
Rebecca R. Reiff, Indiana University
Teddie Phillipson, Indiana University

Session T1

v

page

i

il

v

47

48

59



FORMATIVE USE OF SELECT-AND-FILL-IN CONCEPT

MAPS IN ONLINE INSTRUCTION: IMPLICATIONS FOR

STUDENTS OF DIFFERENT LEARNING STYLES

Charles W. Kaminski, University of Massachusetts Lowell
Session T1

TEACHER EXPLANATIONS FOR DISCOURSE VARIATIONS
IN ELEMENTARY SCIENCE METHODS
William J. Newman, Jr., Purdue University
Paula D. Hubbard, Purdue University
Sandra K. Abell, University of Missouri, Columbia
Session T1

STRATEGIES ENABLING TEACHERS TO
CRITICALLY ANALYZE LEARNING AND TEACHING
Donna R. Sterling, George Mason University

Session T1

A QUANTITATIVE COMPARISON OF INSTRUCTION
FORMAT OF UNDERGRADUATE INTRODUCTORY
LEVEL CONTENT BIOLOGY COURSES: TRADITIONAL
LECTURE APPROACH VS.
INQUIRY BASED FOR EDUCATION MAJORS
Jennifer L. Willden, Virginia City Middle School
David T. Crowther, Ph. D., University of Nevada, Reno
Alan A. Gubanich, University of Nevada, Reno
John R. Cannon, University of Nevada, Reno

Session T1

SCIENCE STANDARDS SURVEY: WHAT GEORGIA’S

ELEMENTARY TEACHERS TELL US

Letty Bridges, State University of West Georgia

Genell Hooper Harris, University of South Carolina Spartanburg
Session T2

73

110

144

157

179



DEVELOPMENT OF AN ELEMENTARY EARTH SYSTEMS 190
SCIENCE AND MATHEMATICS CURRICULUM
George E. Glasson, Virginia Polytechnic Institute and State University
Jeffrey A. Frykholm, University of Colorado
- Lee Vierling, South Dakota School of Mines and Technology
Session T2 '

EXAMINING THE INFLUENCE OF A GRADUATE TEACHING 197
FELLOWS PROGRAM ON TEACHERS IN GRADES 7-12
Stephen L. Thompson, Vanderbilt University
Vicki Metzgar, Vanderbilt University
Angelo Collins Ph.D., The Knowles Science Teaching Foundation
Melvin D. Joeston Ph.D., Vanderbilt University
Virginia Shepherd Ph.D., Vanderbilt University
Session T2

ELICITING PROSPECTIVE SCIENCE TEACHERS’ 228
CONCEPTIONS OF THE NATURE OF SCIENCE IN MIDDLE
EAST TECHNICAL UNIVERSITY (METU), IN ANKARA.
Bugrahan Yalvac, The Pennsylvania State University
Barbara A. Crawford, The Pennsylvania State University
Session T3

THE ELEMENTARY SCIENCE TEACHER AS RESEARCHER 267
Valarie L.Akerson, Indiana University
Amy Roth McDuffie, Washington State University

Session F1

PRESERVICE SECONDARY SCIENCE TEACHER 283
APPRENTICESHIP EXPERIENCE WITH SCIENTISTS
Sherri L. Brown, The University of Tennessee
Kim Bolton, The University of Tennessee
Nancy Chadwell, The University of Tennessee
Claudia T. Melear, The University of Tennessee
Session F1

vi




LESSON LEARNED, FIVE YEARS OF SCIENCE AT INTASC
Angelo Collins, Knowles Science Teaching Foundation
Session F1

A FOCUS FOR COLLABORATION: DEVELOPING AND
IMPLEMENTING SCIENCE AND MATHEMATICS
PERFORMANCE ASSESSMENT TASKS
J. Morrison, Washington State University
A. Roth McDuffie, Washington State University
V. Akerson, Indiana University

Session F1

VIEWS OF SCIENCE TEACHERS ONE-THREE YEARS
AFTER A PRE-SERVICE INQUIRY-BASED RESEARCH
COURSE
Leslie Suters, The University of Tennessee
Claudia T. Melear, The University of Tennessee
Leslie G. Hickok, The University of Tennessee

Session F1

PROVIDING AN ASTRONOMICAL RESEARCH EXPERIENCE
IN-SERVICE AND PRE-SERVICE TEACHERS
John W. Wilson, Georgia State University
Edward C. Lucy, Georgia State University
Session F1

TECHNOLOGY TOOLS FOR SUPPORTING SCIENTIFIC
INQUIRY: A PRESERVICE SCIENCE EDUCATION COURSE
Carla Zembal-Saul, Penn State University
Danusa Munford, Penn State University
Patricia Friedrichsen, Penn State University

Session F1

EVALUATION OF A MODEL FOR SUPPORTING THE
DEVELOPMENT OF ELEMENTARY SCHOOL
TEACHERS' SCIENCE CONTENT KNOWLEDGE
Alicia C. Alonzo, University of California, Berkeley

Session F2

vii

306

329

349

378

393

411



GETTING TO THE FOURTH YEAR: THE INSTRUMENTS
AND PROTOCOLS USED TO STUDY THE PRACTICE OF
BEGINNING K-12 SCIENCE TEACHERS
George Davis, Minnesota State University Moorhead
Patricia R. Simpson, St. Cloud State University
Bruce Johnson, University of Arizona
Alison Wallace, Minnesota State University Moorhead
Teacher Research Network'
Session F2

IMPACTS OF CONTEXTUAL AND EXPLICIT INSTRUCTION
ON PRESERVICE ELEMENTARY TEACHERS’
UNDERSTANDINGS OF THE NATURE OF SCIENCE
Juanita Jo Matkins, University of Virginia
Randy Bell, University of Virginia
Karen Irving, University of Virginia
Rebecca McNall, University of Virginia
Session F2

BUILDING BRIDGES: USING SCIENCE AS A TOOL TO
TEACH READING AND WRITING
Delna T. Nixon, Washington State University
Valarie L. Akerson, Indiana University
Session F2

INTEGRATING A SCIENCE CONTENT COURSE AND A
COGNITIVE DEVELOPMENT COURSE FOR PRE-SERVICE
EARLY CHILDHOOD TEACHERS: BARRIERS AND
BENEFITS

Adams, April Dean, Northeastern State University

Ethridge, Elizabeth A., University of South Florida at Sarasota-

Manatee
Session F3

USE OF SCIENTIFIC INQUIRY TO EXPLAIN
COUNTERINTUITIVE OBSERVATIONS
Mary Jean Lynch, North Central College

John J. Zenchak, North Central College
Session F3

viiik 9

436

456

482

507

523



AN EXTENDED EXAMINATION OF PRESERVICE
ELEMENTARY TEACHERS’ SCIENCE TEACHING SELF-
EFFICACY
Patricia D. Morrell, University of Portland
James B. Carroll, University of Portland

Session F3

A SCIENTIFIC METHOD BASED UPON RESERACH
SCIENTISTS’ CONCEPTIONS OF SCIENTIFIC INQUIRY
Rebecca Reiff, Indiana University
William S. Harwood, Indiana University
Teddie Phillipson, Indiana University

Session F3

WE TEACH AS WE WERE TAUGHT: INTEGRATING
ACTIVE LEARNING AND PEDAGOGY INTO
UNDERGRADUATE SCIENCE COURSES
Donna L. Ross, San Diego State University
Jeanne M. Weidner, San Diego State University

Session F3

TEACHING CONTROVERSIAL ISSUES OF BIOETHICS
David R. Stronck, California State University, Hayward
Session F3

SCIENCE, CREATIONISM AND RELIGION: RESPONSES
FROM THE CLERGY
Alan Colburn, California State University Long Beach
Laura Henriques, California State University Long Beach
Michael Clough, Iowa State University

Session F5

A CARD SORTING TASK TO ELICIT SCIENCE

TEACHING ORIENTATIONS

Patricia J. Friedrichsen, University of Missouri - Columbia

Thomas M. Dana, The Pennsylvania State University
Session F5

10

532

546

570

578

583

608



USING PROBLEM-BASED LEARNING IN A SCIENCE
METHODS COURSE
James T. McDonald, Purdue University

Session F5

EXPLICIT/REFLECTIVE INSTRUCTIONAL ATTENTION
TO NATURE OF SCIENCE AND SCIENTIFIC INQUIRY:
IMPACT ON STUDENT LEARNING
Renee’ S. Schwartz, Oregon State University
Norman G. Lederman, Illinois Institute of Technology
Rola Khishfe, Illinois Institute of Technology
Judith Sweeney Lederman, Illinois Institute of Technology
Lee Matthews, Illinois Institute of Technology
Shiang-Yao Liu, Oregon State University
Session F5

MANAGING STUDENT/TEACHER CO- CONSTRUCTION OF
VISUALIZABLE MODELS IN LARGE GROUP DISCUSSION
John Clement, University of Massachusetts, Amherst

Session F6

MAKING PUERTO RICAN HIGH SCHOOL PHYSICS
CONTEXTUAL AND CULTURALLY RELEVANT: A
STATISTICAL ANALYSIS OF INFLUENCING FACTORS
Wilson J. Gonzalez-Espada, The University of Georgia
J. Steve Oliver, The University of Georgia

Session F6

K-12 RURAL SCHOOL PRINCIPAL’S PERCEPTIONS OF
SCIENCE REFORM
Stephen Marlette, Kansas State University
Dee Goldston, Kansas State University
Session F6

616

646

668

682

703



TEACHER-STUDENT CO-CONSTRUCTION IN MIDDLE
SCHOOL LIFE SCIENCE
Maria Cecilia Nufiez-Oviedo, University of Massachusetts, Amherst
Mary Anne Rea-Ramirez, Hampshire College
John Clement, University of Massachusetts, Amherst
Mary Jane Else, University of Massachusetts, Amherst

Session F6

VOICES IN A RESERVATION SCHOOL: A SONATA-FORM
NARRATIVE FROM A PROFESSOR AND A DAKOTA
PRE-SERVICE TEACHER ABOUT THEIR PROFESSIONAL
AND PRACTICAL KNOWLEDGE TEACHING SCIENCE IN
CULTURALLY RESPONSIVE WAYS.

Jo Anne Ollerenshaw , University of Nebraska-Lincoln

Delberta Lyons, Santee School
Session F6

DISCREPANT QUESTIONING AS A TOOL TO BUILD

COMPLEX MENTAL MODELS OF RESPIRATION

Mary Anne Rea-Ramirez, Hampshire College

Maria C. Nunez-Oviedo, University of Massachusetts, Amherst
Session F6

A COMPARISON OF TWO INNOVATIVE ALTERNATIVE
PROGRAMS
IN SCIENCE TEACHER PREPARATION
Camille L. Wainwright, Pacific University
Session F6

THE INFLUENCE OF A PHILOSOPHY OF SCIENCE

COURSE ON PRESERVICE SECONDARY SCIENCE

TEACHERS’ VIEWS OF NATURE OF SCIENCE

Fouad Abd-El-Khalick, University of Illinois at Urbana-Champaign
Session F7

Xi

747

792

828

852

856



PERFORMANCE ASSESSMENT IN SCIENCE METHODS: A

PROGRAM DESCRIPTION

Valarie L. Akerson, Indiana University

Judith A. Morrison, Amy Roth McDuffie Washington State University
Session F7

USING A WEB-BASED TASK TO MAKE PROSPECTIVE
ELEMENTARY TEACHERS’ PERSONAL THEORIZING
ABOUT SCIENCE TEACHING EXPLICIT
Lucy Avraamidou, The Pennsylvania State University
Carla Zembal-Saul, The Pennsylvania State University

Session F7

CURRICULUM BY DESIGN: IMPROVING STUDENT
LEARNING IN COLLEGE CHEMISTRY AND BIOLOGY
Robert E. Bleicher, Florida Atlantic University
Nancy Romance, Florida Atlantic University
Jerome Haky, Florida Atlantic University

Session F7

NOVICE TEACHERS’ PERCEPTIONS OF A MULTIFACETED
MENTORING PROGRAM AND THE NEEDS OF EARLY-
CAREER SCIENCE TEACHERS
Carolyn Dawson, Northern Michigan University

Session F7

PROFESSIONAL DEVELOPMENT FOR ELEMENTARY
SCIENCE TEACHERS: IMPLICATIONS FOR PRACTICE
Patricia Hernandez, Abilene Christian University
Jeff Arrington, Abilene Christian University
Jerry Whitworth, Abilene Christian University

Session F7

THE NATURE AND HISTORY OF SCIENCE IN 9" GRADE
PHYSICAL SCIENCE
James E. Spellman, University of Georgia
J. Steve Oliver, University of Georgia
Session F7

xii 13

891

916

934

943

952

976



PREPARING SCIENCE SPECIFIC MENTORS: A LOOK
AT ONE SUCCESSFUL GEORGIA PROGRAM
Leslie Upson, University of Georgia
Thomas Koballa, University of Georgia
Brian Gerber, Valdosta State University
Session F7 '

COMMUNITY-CONNECTED SCIENCE EDUCATION:
CREATING A MUSEUM HIGH SCHOOL FOR
SOUTHWESTERN VIRGINIA
Michael L. Bentley, University of Virginia

Session S1

PROFESSIONAL DEVELOPMENT STRATEGIES FOR IN-
SERVICE TEACHERS AND PRINCIPALS
Nihal Buldu, Indiana University
Ozgul Yilmaz, Indiana University
Session S1

MULTIPLE PROBLEMS--MULTIPLE PERSPECTIVES:
INITIATING A SCIENCE PROFESSIONAL DEVELOPMENT
SCHOOL
Barbara A. Crawford, The Pennsylvania State University
Sherry Kreamer, The Pennsylvania State University
Jack Lyke, State College Area School District
Michael Cullin, The Pennsylvania State University
Session S1

SCIENTISTS’ CONCEPTIONS OF SCIENTIFIC INQUIRY:
VOICES FROM THE FRONT
William S. Harwood, Indiana University
Rebecca Reiff, Indiana University
Teddie Phillipson, Indiana University
Session S1

Xiii 4

1007

1021

1030

1040

1022



THE LEARNING CORRIDOR: EXPLORING AN 1053
URBAN \MAGNET SCHOOL INITIATIVE
Catherine Koehler, University of Connecticut
David M. Moss, University of Connecticut
Jeffrey L. Osborn, Greater Hartford Academy of Mathematics &
Science
Session S1

SCIENCE EDUCATION IN CALIFORNIA 1069
Kathy Norman, California State University, San Marcos
David M. Andrews, California State University, Fresno
Bonnie Brunkhorst, California State Univ., San Bernardino
Herbert Brunkhorst, California State Univ., San Bernardino
Alan Colburn, California State University, Long Beach
Laura Henriques, California State University, Long Beach
Cheryl Mason, National Science Foundation
William F. McComas, University of Southern California
Alan McCormack, San Diego State University
Hedy Moscovici, California State University, Dominguez Hills
William C. Ritz, California State University, Long Beach
Donna L. Ross, San Diego State University
David R. Stronck, California State University, Hayward
Diana Y. Takenaga-Taga, University of Southern California/CSTA
Jan Woerner, California State University, San Bernardino
Session S1

WHEN ARE ANALOGIES THE RIGHT TOOL? A LOOK AT 1077
THE STRATEGIC USE OF ANALOGIES IN TEACHING
CELLULAR RESPIRATION TO MIDDLE-SCHOOL
STUDENTS'
Mary Jane Else, University of Massachusetts
Mary Anne Ramirez, Hampshire
John Clement, University of Massachusetts
Session S2

ERIC a5




INFUSING INQUIRY INTO SCIENCE METHODS COURSES:
THREE PERSPECTIVES AND STRATEGIES

Marcia Fetters, Western Michigan University

Mark Templin, The University of Toledo

Janet Struble, The University of Toledo
Session S2

KEEPING THE INQUIRY IN CURRICULUM DESIGNED
TO HELP STUDENTS’ CONCEPTUAL UNDERSTANDING
OF CELLULAR RESPIRATION

Helen L. Gibson, Holyoke Public Schools
Session S2

DEVELOPING AN AUTHENTIC LANGUAGE FOR
A WEB-SEARCHABLE, HYPERMEDIA
TEACHER -EDUCATION- DATABASE
E. Barbara Klemm, University of Hawai'l
Session S2

USING THE LEVELS OF ACCESSIBILITY MATRIX SYSTEM
TO PROMOTE PRESERVICE SCIENCE STUDENTS’
THINKING ABOUT INCLUSIONARY TEACHING
E. Barbara Klemm, University of Hawai'i
Lee A. Plourde, Central Washington University
Joseph Laszlo, University of Hawai'l

Session S2

IMPACTS OF CONTEXTUAL AND EXPLICIT INSTRUCTION
ON PRESERVICE ELEMENTARY TEACHERS’
UNDERSTANDINGS OF THE NATURE OF SCIENCE
Juanita Jo Matkins, University of Virginia
Randy Bell, University of Virginia
Karen Irving, University of Virginia
Rebecca McNall, University of Virginia
Session S2

xv 16

1089

1117

1133

1145

1156



LEGISLATIVE CHALLENGES TO THE TEACHING OF 1184
EVOLUTION: THE SCIENCE EDUCATORS' RESPONSE
Michael Wavering, University of Arkansas
Don Duggan-Haas, Cornell University
Session S2

IMPLICATIONS OF DIVERSE MEANINGS FOR 1202
‘SCIENTIFIC LITERACY’
Andrew C. Kemp, University of Louisville

Session S3

INTEGRATED INSTRUCTION IN UNIVERSITY METHODS 1230
COURSES: APPLYING SCIENCE TECHNOLOGY SOCIETY
Kenneth P. King, Northern Illinois University
Andrew J. Milson, Baylor University
Session S3

DILEMMAS OF TEACHING INQUIRY IN ELEMENTARY 1255
SCIENCE METHODS
William J. Newman, Jr., Purdue University
Paula D. Hubbard, Purdue University
James McDonald, Purdue University
Justine Otaala, Purdue University
Mariana Martini, Purdue University
Sandra K. Abell, University of Missouri, Columbia
Session S3

GETTING TO THE FOURTH YEAR: PRELIMINARY 1287
FINDINGS REGARDING THE PRACTICE OF MN
BEGINNING K-12 SCIENCE TEACHERS.
Patricia R. Simpson, St Cloud State University
Teresa Shume, Minnesota State University Moorhead
Dori Tonnis, The University of St Thomas
Teacher Research Network'
Session S3




“AKA SCIENCE” AFTER-SCHOOL SCIENCE PROGRAM 1318
Glenda Love Bell, Texas A&M University-Commerce
Session S4

ELEMENTARY SCIENCE TEACHING ENHANCEMENT 1323
THROUGH A PROFESSIONAL DEVELOPMENT SCHOOLS
MODEL
Glenda Love Bell, Texas A&M University-Commerce
Session S4

PROFESSIONAL DEVELOPMENT MODELS: 1352
A COMPARISON OF DURATION AND EFFECT
David T. Crowther, University of Nevada, Reno
John R. Cannon , University of Nevada, Reno
Session S4

TEACHER PROFESSIONAL DEVELOPMENT ACROSS 1367
STATES:LEVERAGING RESOURCES
Brian L. Gerber, Valdosta State University
Catherine B. Price, Valdosta State University
Andrew J. Brovey, Valdosta State University
Marianne B. Barnes, University of North Florida
Lehman W. Barnes, University of North Florida
Session S4

TIME TO LEARN: A SUCCESSFUL K-12 SCIENCE 1373
EDUCATION PROFESSIONAL DEVELOPMENT MODEL
Robert Hollon, University of Wisconsin - Eau Claire
Dawn Olson, South Middle School, Eau Claire, WI
Robert Eierman, University of Wisconsin - Eau Claire
Karen Havholm, University of Wisconsin - Eau Claire
J. Erik Hendrickson, University of Wisconsin - Eau Claire
Session S4




ASSESSING THE IMPACT OF UNDERGRADUATE
MATHEMATICS AND SCIENCE INSTRUCTION ON
BEGINNING TEACHERS’ INSTRUCTIONAL PRACTICES
Camille L. Wainwright, Pacific University
Lawrence Flick, Oregon State University
Patricia Morrell, University of Portland

Session S4

HELPING MIDDLE SCHOOL SCIENCE STUDENTS RELATE
TO NEW CONCEPTS THROUGH PHYSICAL MODELING: A
BODILY-KINESTHETIC APPROACH
Deborah S.D. Burke, Chief Joseph Middle School

Session S5

INTERACTING WITH ELEMENTARY INTERNS ABOUT
THEIR PERCEPTIONS OF SCIENCE THINKING
G. Nathan Carnes, University of South Carolina
Tiffany A. Shull, University of South Carolina
Shanise N. Brown, University of South Carolina
Wesley G. Munn, University of South Carolina
Session S5

MENTORING AND CONSTRUCTIVISM: PREPARING
STUDENTS WITH DISABILITIES FOR CAREERS IN SCIENCE
Rita Coombs-Richardson, University of Houston

Session S5

ENHANCING PROSPECTIVE SCIENCE TEACHERS'
KNOWLEDGE OF SCIENTIFIC MODELING USING
MODEL-IT
Michael J. Cullin, Penn State University
Barbara A. Crawford, Penn State University

Session S5

A GAP TOO WIDE: EXPECTATIONS VS REALITY

THE CASE OF A PRESERVICE SCIENCE TEACHER

Kathleen M. Lesniak, State University of New York at Buffalo
Session S5

Xviii

19

1407

1418

1455

1466

1478

1493



IF INQUIRY IS SO GREAT, WHY ISN’T EVERYONE DOING
IT?
Rebecca Reiff, Indiana University

Session S5

SCIENCE DRAWINGS AS A TOOL FOR ANALYZING
CONCEPTUAL UNDERSTANDING
Mary Stein, Oakland University
Shannan McNair, Oakland University
Session S5

BUILDING CONFIDENCE IN PRESERVICE ELEMENTARY
SCIENCE TEACHERS
Robert E. Bleicher, Florida Atlantic University
Joan Lindgren, Florida Atlantic University
Session S6

CHEMISTRY STUDENTS’ CHALLENGES IN USING MBL’S IN
SCIENCE LABORATORIES

Hakan Yavuz Atar, Florida State University
Session S6

0
oo

X1X

1513

1534

1549

1563

1583



2002 AETS Conference Program

Association for the Education of Teachers in Science, 2002 Annual International
Conference, Charlotte, North Carolina, January 10-13, 2002.




AETS Annual Meeting 2002
Pre-Conference Workshops
8:30-12:00 Noon
January 10, 2002

Workshop 1:  Developing Inquiry-Based Science Materials: A Guide to Educators Salon F& G

The meaning of “curriculum in the context of planning, obtaining funding for, designing, staffing and carrying out
effective development, implementation and assessment of instructional materials will be highlighted. The
importance of teachers in any materials development effort will be discussed as part of the recommended role of
teachers as academic leaders. Implications for changes in school organization and teacher education based on a
“Continuous Improvement” approach will be discussed. Participant input will be solicited on plans for a
professional development program for materials developers. The book will be provided to attendees and includes a
summary guide to project development.

Presenters: Herbert D. Thier, Lawrence Hall of Science, University of California, Berkeley
Cost: $15

Workshop 2:  Making Science Accessible and Inclusive: Strategies for Methods SalonA& B
Courses, Teacher Professional Development and K-12 Classrooms
This interactive workshop provides participants with strategies and materials for use in methods courses and with
experienced teachers for use in K — 12 classrooms. This workshop continues the efforts previous AETS sessions on
inclusive science and the monthly up-dates provided on the AETS listserve. Strategies to support learning
disabilities, physical modifications, and other characteristics that marginalize participation in the science community
will be shared and demonstrated. Presenters will provide resources and materials for participants. Participants will
also be asked to bring resources and materials that they have found useful in their practice.

Presenters: Marcia Fetters, Western Michigan University, Dawn Pickard, Oakland University, Greg Stefanich,
University of Northern lowa, Eric Pyle, West Virginia University

Cost $20

Workshop 3:  Scholarly Writing for Science Teacher Educators Salon C

In our profession we are expected to communicate with our peers through our publications. Yet crafting a document
that eloquently translates research into prose for teachers, colleagues, or peers is not an easy task. This workshop
will explore basic elements of scholarly writing with the intent of enhancing participants' writing and publishing
strategies.

Presenters: Julie Luft, Chair, AETS Publications Committee
Cost $10

Workshop 4:  Creating a Web Site for your Science Methods Course Elizabeth
An effective and well-designed web site can be a powerful addition to any education course. This workshop,
intended for beginners, will focus on web site design. Site layouts, key elements such as syllabus and on-line
readings, page templates for consistency, using on-line data bases for discussion groups, ways to facilitate
communication with supervising teachers, accessibility, and style tips will be covered. Student perspectives will be
shared as well as student evaluations of an existing web site. Participates should bring a laptop and their own web
authoring software. Participates will receive a CD-ROM with various templates.

Presenters: Michael Svec and Alan Schuster, Furman University
Cost  $20



Program Highlights

« Thursday  Featured speaker is James Randi, a world-renowned speaker about science
versus pseudoscience, particularly when it applies to public understanding of science

e Thursday  Get Involved in AETS interactive session.
s Thursday  Giant Poster session, cash bar and hors d’oeuvres from 5:00 to 6:00
« Thursday  Reception from 6:00 to 9:00 that features a Southern Reception Buffet,

cash bar and entertainment by the Band of Gold, an oldies band playing your favorite
tunes from the 1950°s and 1960’s.

* Friday Box lunch and AETS Committee meetings

» Friday Regional Meetings. Come and find out what is going on in your
region.

o Friday The Best of Brahms presented by the Charlotte Symphony at the

Bluementhal Center for the Performing Arts. (Need tickets)
» Saturday Awards Luncheon

e Saturday  From 7:30 to 9:30, Women in Science get-together. (Need tickets)
Other Information

Check you program carefully as some sessions are double sessions. The time allotment for each
session is next to the description of the session.
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Thursday Afterncon
General Sessions
1:00 - 2:15 p.m.

Keynote Address: Salon D
Keynote Speaker: James Randi

James Randi is a world-renowned speaker about science versus pseudoscience, particularly when
it applies to public understanding of science

2:15-2:30 p.m. Coffee Break Pre-Function Area

Thursday Afternoon
Concurrent Sessions

T1
2:30 - 3:30 p.m.

2:30-3:30 p.m. Panel Symposium (60 min) Myers Park

Challenging Our Thinking and the Nature of Reform in Science Teacher Education: Implications for Policy
in Science Education

This session focuses on how we can "make a difference" about science teacher education experiences in the context
of reform and policy in science education.

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

2:30-3:30 p.m. Interactive Session (60 min) Dilworth

Scientific Literacy for All: Funding Scenarios in Urban Settings Serving Global Populations
Discussion of a master's program and funding strategies that promote scientific literacy in New York City.
Electronic illustrations will be used to demonstrate program effectiveness.

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

2:30-3:30 p.m. Demonstration (60 min) Eastover

Teaching Science Methods Courses With Web-Enhanced Activities
This session presents instructional approaches that utilize Web-based interactivities for learning science content and
concepts in Lehigh University's elementary and secondary science methods courses.

Presenter: Alec M. Bodzin, Lehigh University

An Introduction to the Teacher Education Materials (TE-MAT) Database: An On-line Resource for Science
and Mathematics Teacher Educators

Demonstration of a searchable on-line database of professional development materials for use with K-12

science/mathematics teachers, which contains descriptive and evaluative reviews and bibliographic information.

Presenters: Kimberley Wood and Joan Pasley, Horizon Research, Inc.

2:30-3:30 p.m. Contributed Papers (60 min) Elizabeth
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Formative use of Select-And-Fill-In Concept Maps in Online instruction: Implications for Students of
Different Learning Styles

How do students of different learning styles respond to online instruction in which SAFI maps are utilized? The
purpose of the research was to investigate the formative use of SAFI maps in online instruction and effects their use
may have on questions requiring application of knowledge. In particular, the implications of their use with students
of different learning styles was considered. The subjects of the study were students enrolled in a ten week long,
online environmental science course at a community college. This research used an emergent, collective case study
design, each collective case consisting of students (within the course) who shared a dominant learning style as
determined using Kolb's Learning Style Inventory (LSI-3).

Presenter: Charles Kaminski, Middlesex Community College

The Effects of Collaborative Concept Mapping on the Achievement, Science Self-efficacy and Attitude
Toward Science of Female Eighth Grade Students

Although there has been extensive research into the uses of concept mapping in science education, few studies have
sought to examine gender-related responses to the technique. This research was designed to address the growing
antagonism of females to science, by exploring whether collaborative concept mapping, used frequently during the
teaching of a middle school science program, would lead to changes in females' science self-efficacy and promote
positive attitudes to science as well as enhancing their achievement.

Presenter: Antoinette Ledger, University of Massachusetts-Lowell

2:30-3:30 p.m. Contributed Papers (60 min) Wendover

The Sisters in Science Program: Barriers Broken and Lessons Learned
Since 1994, the Sisters in Science Program has been created and implemented in urban elementary schools. Lessons
learned and barriers broken will be described.

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

Engaging a Larger Feedback Loop: Redesigning a Science Methods Course inLlight of Students and

Community Needs
The Teacher-to-Teacher extended program has begun a systemic change inelementary science methods better
integrating the course into the entire teacher education program.

Presenter: Michael Svec and Denise Crockett, Furman University

2:30-3:30 p.m. Contributed Papers (60 min) Salon C

Motivating Introductory Biology Students
Paper will focus on the use of motivation theory and context-based learning in developing web modules for teaching

biology.

Presenter: Arthur L. Buikema, Jr., Virginia Tech

A Quantitative Comparison to Determine if Teaching Style Effects Learning in an Undergraduate Biology
gl?il;r::ssion will compare examination scores of a traditional undergraduate biology class (lecture-based) with an

equivalent undergraduate biology course taught in a hands-on praxis.

Presenters: Jennifer Willden, David T. Crowther, Alan Gubanich, John R. Cannon, University of Nevada, Reno
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2:30-3:30 p.m. Contributed Papers (60 min) Salon B

Teacher Explanations for Discourse Variations in Elementary Science Methods
Through the examination of discourse strategies in a methods course during two foci of instruction, science and
pedagogy, the instructor explained her use of discourse types.

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

How Is Your Lawnmower Working? Understanding Scientific Inquiry Through Metaphors
This paper discusses science faculty members' use of metaphors to describe scientific inquiry.

Presenters: William S. Harwood, Rebecca Reiff, Teddie Phillipson, Indiana University

2:30-3:30 p.m. Contributed Papers (60 min) Salon A

Fostering Reflection and Building Community for Novice Teachers

This proposal describes the findings, of a study to foster communities of practice that act as a bridge between pre-
service and the initial years of practice.

\

Presenters: Jonathan Singer and Mary Stylslinger, University of South Carolina, Ann C. Cunningham, Wake Forest
University

Strategies Enabling Teachers to Critically Analyze Learning and Teaching
This 4-year study identifies conceptual obstacles and enabling strategies for teachers in grades 4-12 to develop and
implement standards-based science and mathematics learning and teaching.

Presenter: Donna R. Sterling, George Mason University

2:30-3:30 p.m. Contributed Papers (60 min) Salon F

Inquiry and World view of Practicing Urban Teachers
This paper presents an analysis of teachers' beliefs and worldviews in an effort to better understand and assist
teachers in their own development.

Presenters: Nancy Davis and Elizabeth Hancock, Florida State University

The Effects of Participation in a Science Work Experience Program for Teachers: Shaping Professional
Development Based on Follow-Up Data

Interviews and classroom observations of eleven participants document the effects of a Science Work Experience

Program for Teachers in an effort to shape SWEPT efforts.

Presenter: Wendy Michelle Frazier, Old Dominion University

2:30-3:30 p.m. AETS Session (60 min) Salon G

Get Involved in AETS
For first time AETS Conference attendees, new members, and experienced members. Come and learn more about
how to get involved in AETS, the organization, the conference, and how AETS operates.

Presenters: AETS Officers



Thursday Afternoon
Concurrent Sessions

T2
3:40 - 4:40 p.m.

3:40-4:40 p.m. Panel Symposium (60 min)) Myers Park

Predicaments and Possibilities: The Views of Four Urban Middle School Science Teachers
Hear the perspectives of urban teachers about the issues they face along with suggestions for how such information
could be integrated into teacher preparatory programs.

Panelists: John Settlage, University of Utah, Angela Terranova, Frances Perkins, Donald Jolly, Michael Killik,
Cleveland Municipal Schools

3:40-4:40 p.m. Interactive Session (60 min) Dilworth

Snails are Science: Creating Context for Science for Science Inquiry

The interactive session will demonstrate, examine and report the discoveries of a field study comparing the efficacy
of two different teaching methods on two different groups of second-grade students experiencing two similar science
inquiry lessons.

Presenters: Christine D. Warner and Christopher Anderson, The Ohio State University

3:40-4:40 p.m. Demonstration (60 min) Eastover

Is the Moon Only Out at Night?
Children’s literature and textbook representations of the sun/moon system will be presented. Teaching strategies for

the lunar phase cycle will be shared.
Presenter: Kristin T, Rearden, University of Tennessee

Development of an Elementary Earth Systems Science, Mathematics, and Technology Curricu

The development of an elementary earth systems science curricu that reflects diverse cultural perspectives will be
presented. Using remote sensing technology, the curricu explores the relationship between seasonal changes and
animal migration.

Presenters: George Gleason, Virginia Tech, Jeff Frykhlom, University of Colorado, Lee Vierling, South Dakota
School of Mines and Technology

3:40-4:40 p.m. Contributed Papers (60 min) Elizabeth

Science Standards Survey: What Georgia’s Elementary Teachers Tell Us
Survey results of inservice teachers about what they received and needed from their preservice preparation programs
to be better.

Presenters: Letty Bridges, State University of West Georgia, Genell Harris, University of South Carolina,
Spartenburg

The Conceptions and Actions of Participants in the Program for Alternative Certification in Secondary
Science

This paper will present findings on the concepts of teaching and learning formed by the participants in one
university's alternative certification program.

Presenters: Thomas R. Koballa, Jr., Kim Nichols, Grace Lyon, University of Georgia
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3:40-4:40 p.m. Contributed Papers (60 min) Wendover

How do Preservice Teacher Ideas about Teaching Science Changeover the Course of a Secondary Science

Methods Class?
Changes in preservice teachers conceptions of science teaching were explored over the duration of a secondary
science methods course using pre and post concept maps.

Presenters: Gill Roehrig and Julie A. Luft, University of Arizona

Middle School Science Teachers' Preparedness to Teach Standards-based Light Concepts
The purpose of this study was to assess middle-school teachers' conceptual understanding of light concepts they
might be expected to teach.

Presenters: John E. Christopher and Ronald K. Atwood, University of Kentucky, Kathy Cabe Trundle, Ohio
State University

3:40-4:40 p.m. Contributed Papers (60 min) ’ Salon C

"Why I Want to Be a Science Teacher" Autobiographical Paper: Longitudinal Case Studies of the Personal
Histories Supporting Career Science Teachers

Past and present autobiographical papers of nineteen secondary science education graduates were studied for
intrinsic rationales for entering and remaining in science teaching.

Presenter: Charles J. Eick, Auburn University

Development, Implementation and Evaluation of Student Attitudes toward the Use of Concept-Mapping
Technology in a High School Biology Program

This proposal will provide the results of the first phase of research involving high school science attitudes related to
concept mapping using Inspiration Software.

Presenters: Nedra J. Davis, California State University San Bernardino, Mildred A. Hoover, Apple Valley High
School

3:40-4:40 p.m. Contributed Papers (60 min) Salon B

Science and Language Integration using Technology
Strategies for integrating science and language arts will be presented with examples from successful classroom
applications. Implications for science teacher preparation will be discussed.

Presenters: Lisa.J. Libidinsky, Pembroke Pines Charter School, David D. Kumar, Florida Atlantic University,
Clifford A. Hofwolt, Vanderbilt University, Amy Bingham, Florida Atlantic University

3:40-4:40 p.m. Contributed Papers (60 min) Salon A

Examining the Influence of a School-Based Collaboration Involving Scientists and Science Teachers
This paper examines the influence on science teachers and students of participation in a school-based collaboration
involving scientists and science teachers.

Presenter: Stephen L.Thompson, Vanderbilt University
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3:40-4:40 p.m. Contributed Papers (60 min) Salon F

Preparing New Science Teachers to Accomplish the Vision of the National Science Education Standards: An
STS Approach to Organizing a Secondary Science Methods Course

Results of the use of an STS approach to organizing a secondary science methods course and implications for
preservice science teacher preparation will be discussed.

Presenter: Pradeep M. Dass, Appalachian State University

Thursday Afternoon
Poster Session

T3
5:00 - 6:00 p.m. Pre-Function Area

Virtual Hands-On Experiences: The Use of Haptics in Students, Investigations of Viruses
This session features a new science tool, the nanoManipulator (nM) and describes how the ability to touch
nanometer-sized materials impacts students, concepts.

Presenters: M, Gail Jones, Dennis Kubasko, Russell M. Taylor 11, Richard Superfine, University of North Carolina
at Chapel Hill, Thomas Andre, lowa State University

TIGERS of a Different Stripe: Two-Way Professional Development Exchanges Between Middle Grades and
Higher Education

This poster presentation will provide an overview of a K-12 Teaching Fellows Award in which middle grades
mathematics and science teachers share their pedagogical expertise with graduate students in mathematics, science
and engineering, who in tum bring their cutting-edge content to the teachers and their students.

Presenter: EricJ. Pyle, West Virginia University

Using Technology to Improve the Learning of Virginia Standards of Learning in Science

This investigation depicts the results of using technology as a means of instruction to meet the Virginia Standards of
Learning (SOL) in high school. The results of the study indicate that technology can impact learning.

Presenters: RichardJ. Priest and Donna Sterling, George Mason University

Teacher Professional Development Needs in Science, Mathematics, and Technology in Eastern North
Carolina

The Center for Science, Mathematics, and Technology Education at East Carolina University surveyed Professional
Development Liason teachers in Eastern North Carolina.

Presenter: Rhea Miles, East Carolina University

Case Method Approach in an Elementary Science Methods Course

The instructor will share her experiences using the case method in a pre-service elementary science methods course.

Design, processes, and samples will be shared and feedback requested.

Presenter: Judy Beck, University of Wisconsin-La Crosse
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Sun-Earth Connection Astronomy for Prospective and Beginning Teachers of Science

Astronomers, astronomy educators, and science teacher educators collaborate on undergraduate education, pre-
service teacher preparation, and in-service teacher professional development to improve the teaching of sun-earth
astronomy.

Presenters: Kathleen A. O’Sullivan, San Francisco State University, Greg Schultz, University of California

The Electronic Discussion Group as a Forum for Professional Development
Electronic discussion group entries from preservice and inservice teachers enrolled in a methods course were
examined for evidence of professional growth within a proposed framework.

Presenter: R. Paul Vellom, Ohio State University

Eliciting Graduate and Undergraduate Science Education Students’ Conceptions of the Nature of Science in
Middle East Technical University (METU), in Ankara

This study elicits science education students' conceptions of the nature of science in a university in the city Ankara.
The data have been collected through an open-ended questionnaire.

Presenters: Bugrahan Yalvac and Barbara Crawford, Pennsylvania State University

A Route to Teaching Reflection :

In order to teach reflection, a tool has been created which guides preservice teachers toward the accumulation of a
record of knowledge, affect and actions.

Presenters: J. Steve Oliver and Carolyn Wallace, University of Georgia

Progress Toward Equitable Systemic Reform in Five Middle Schools

The progress toward achieving equitable systemic reform in five schools that were part of an effort to reform science

and mathematics education systemically is investigated.

Presenters: Mary Kay Kelly and Jane Butler Kahle, Miami University

The Monets of Methods Courses: Writing Impressionist Tales as Means of Reflecting on Beliefs and

Knowledge about Science Teaching and Learning
We will present our use of impressionist tales (Van Maanen, 1988) as a tool for coaching reflection in elementary

and middle grades science method courses.

Presenters: Rachel Foster and Lynn A. Bryan, University of Georgia

Investigating Consumer Science Products to Teach the Scientific Method

Investigating consumer products pre-service teachers are exposed to the scientific method and use these projects to

develop integrated curricu units addressing state and national academic standards.

Presenters: Jeff A. Thomas, University of Southern Indiana

Preservice Science Teachers' Inconsistent Reflective Thinking On Subject-Matter Related Interview Projects
Preservice science teachers exhibited (topic-correlated) inconsistent reflective thinking, including differences when
dealing with familiar versus unfamiliar science subject matter, while conducting interview projects.

Presenter: Angela G. Cobb, Cornell University



The Globe Program in Indigenous Classrooms in Northern Arizona

The GLOBE-NAN (Native American Network) Project provides professional development about the GLOBE
Program with educators serving Native American students in northern Arizona. Preliminary findings of the project
have implications for working with and promoting science education reform in indigenous communities.

Presenter: Joelle Clark, Northern Arizona University
Examination of student use of science conventions in investigating changes in habitats in the Everglades
This study analyzes science conventions used by elementary students who developed an authentic investigation of a

habitat in the Everglades.

Presenters: Scott P. Lewis and George E. O’Brien, Florida International University

Thursday Evening
Reception .
6:00 - 9:00 p.m. Pre-Function Area

50’s Sock Hop Reception with The Band of Gold
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Friday Morning

6:30-8:00 p.m. Continental Breakfast Pre-Function Area

Concurrent Sessions

F1
8:00 - 9:00 a.m.

8:00-9:00 a.m. Panel Symposium (60 min) Myers Park

Contemporary Issues In Elementary Science Teacher Education
Several social and educational issues currently influencing elementary science teacher education will be explored
within a context of ongoing elementary science teacher professional development.

Panelists: Ken Appleton, Central Queensland University, Valarie Akerson, Indiana University, Brian Hand, lowa
State University, J. Randy McGinnis, University of Maryland - College Park, Katherine Wieseman, Western State
College, Hedy Moscovici, California State University-Dominquez Hills, Janice Koch, Hofstra University

8:00-10:10 a.m. Panel Symposium (120 min) Dilworth

Preservice Scientific Research Experiences
Longitudinal data on participants from two types of programs at two universities including how to start your own
program in research for teachers from two scientists who did. The presentation will consist of four papers.

Presider: Claudia T. Melear, University of Tennessee

Views of Science Teachers One-Three Years After a Preservice Inquiry-Based Research Course
Presenters: Leslie K. Suters, Claudia T. Melear, and Leslie G. Hickok, University of Tennessee

The Transformative Experience of a Scientist Instructor with Teacher Candidates
Presenters: Terry Lashley, Leslie G. Hickok, Claudia T. Melear, University of Tennessee

Preservice Secondary Science Teachers Apprenticeship Experience with Scientists
Presenters: Sherri L. Brown, Kim Bolton, Nancy Chadwell, Claudia T. Melear, University of Tennessee

Providing an Astronomical Research Experience for Inservice and Preservice Teachers
Presenters: John W. Wilson and Ed Lucy, Georgia State University

8:00-10:10 a.m. Interactive Session (120 min) Eastover

Success Stories and Vignettes: Extending our Abilities as Elementary Science Teacher Educators
This interactive session spotlights best practice for the elementary science teacher educator. Written vignettes,
available to the participants, will augment the traditional verbal sharing of teaching knowledge.

Presenters: Gary Varrella, George Mason University, Caroline Beller, University of Arkansas, M. Jenice Goldston,
Kansas State University, Cathy Yeotis, Wichita State University, Barbara Spector, University of South Florida, Patti
Nason, Stephen F. Austin State University




8:00-9:00 a.m. Interactive Session (60 min) Elizabeth

The Role of Teacher Learning Groups as Professional Development
Teacher learning/research groups, are analyzed as meaningful professional development, including iterative changes
in practice and beliefs; trajectories of growth; and changes in school culture.

Presenter: Karen Levitt, Duquesne University, Doris Ash,, Universuty of California, Santa Cruz, Sharon Beddard-
Hess and Joseph Sciulli, Asset Inc, Windy Cheong, San Francisco Unified School District, Beth Kraft, Novato
School District

8:00-9:00 a.m. Demonstration (60 min) Wendover

Enhancing Environmental Science Experiences with Technology
Technologies are demonstrated that address NETS standards, while incorporating inquiry activities prior to, during
and following a science methods class field trip.

Presenters: Martha L. Schriver, Jacqueline Bedell, Ken Clark, Alice Hosticka, Georgia Southern University
The Learning Matrix: A Peer Reviewed Online Learning Environment for Science and Mathematics
Instructors at the College Level

This session will demonstrate the Learning Matrix website and explain how AETS members can collaborate in

submitting and reviewing materials for online publication.

Presenters: Kimberly S. Roempler and Judy Ridgway, Eisenhower National Clearinghouse

8:00-9:00 a.m. Contributed Papers (60 min) Salon C

Lessons Learned, Five Years of Science at INTASC
A discussion of the tensions and lessons learned over five years as standards, performance-based assessment and

scoring were developed for beginning science teachers.
Presenter: Angelo Collins, Knowles Science Teaching Foundation

A Focus for Collaboration: Developing and Implementing Science and Mathematics Performance Assessment
Tasks

This paper discusses the results of a partnership established to increase preservice and inservice teachers'
understanding and experiences with performance assessment in mathematics and science.

Presenters: Judith Morrison, Washington State University, Valarie Akerson, Indiana University, Amy Roth-
McDuffie, Washington State University

8:00-9:00 a.m. Contributed Papers (60 min) Salon B

Teaching Ecology in Context

A description of a three-week sophomore level college ecology course taught in context by "bringing” a portion of
the Serengeti to Virginia.

Presenter; Arthur L. Buikema, Jr., Virginia Tech

Teachers’ Understanding of Ecological Concepts

Elementary teachers were interviewed about their understandings of ecological concepts being taught to their
elementary students, including how those concepts are revealed in everyday life.

Presenters: Bruce Johnson and Jamie Carson, University of Arizona, James Kilbane, Indiana Essential Schools
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Network, Duncan Martin, Liverpool John Moores University, Lars Wohlers, Lueneburg University

8:00-9:00 a.m. Contributed Papers (60 min) Salon A

Technology’s Tendency to Undermine Serious Study and Teaching
Technology often circumvents critical requirements of learning, hides or even inhibits students thinking, and may
affect student and parents fundamental ideas about the purpose of schools.

Presenters: Michael P. Clough and Joanne K. Olson, lowa State University
Technology Tools for Supporting Scientific Inquiry: A Pre-service Science Education Course
In a problem-based science course, prospective teachers work in technology-rich environments to build evidence-

based arguments. Nature of science and metacognition are themes across the course.

Presenters: Carla Zembal-Saul, Patricia Friedrichsen, Danusa Munford, Joe Taylor, Pennsylvania State University

8:00-9:00 a.m. Contributed Papers (60 min) Salon F

Guiding Teachers' Research into Student Learning of Science
This presentation describes a design experiment in learning. Teachers systematically inquired into students'
understanding of science to improve their learning and promote teacher professional development.

Presenter: Frank E. Crawley, East Carolina University
Reasonably Rich Environments in Professional Development Experiences in Scientific Inquiry
Project Mammoth Park is a professional development project that explicitly mirrors the science teaching that is

called for in the reform in science education.

Presenter: Edith S. Gummer, Oregon State University’

8:00-9:00 a.m. AETS Session (60 min) Salon G

Publishing in Science Education Journals
In this session, journal editors will discuss the focus of their journals, publishing tips for their journals, and
suggestions for aspiring authors.

Presenters: Journal Editors from various Science Teacher Education Journals.

Friday Morning
Concurrent Sessions
F2
9:10 - 10:10 a.m.

9:10-10:10 a.m. Panel Symposium (60 min) Myers Park

Getting to the Fourth Year: The Instruments and Protocols Used to Study the Practice of Beginning K-12

Science Teachers
Three presentations describing the instruments and protocols used in a three-year qualitative/quantitative study of
over 90 beginning K-12 science teachers from across Minnesota.
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Panelists: George Davis and Alison Wallace, Minnesota State University-Moorhead, Patricia Simpson, St.Cloud
State University, Bruce Johnson, University of Arizona

9:10-10:10 a.m. Interactive Session (60 min) Elizabeth

Immersion into Inquiry as a Strategy for Preservice Science Teacher Education

Inquiry is fundamental to the scientific enterprise and to good science teaching andlearning. However, many
preservice teachers enter the teaching profession without ever experiencing inquiry beyond “hands-on” lessons for
K-12 students. Join us in a standards-based ‘immersion into inquiry’ experience that is appropriate for preservice
and inservice teachers alike

Presenter: Nancy Landes, BSCS

9:10-10:10 a.m. Demonstration (60 min) Wendover

The SOAR-High Project: An Innovative Science Program for Deaf Students
This presentation will focus on the innovative features and the evaluation of the SOAR-High Project, an on-line
distance learning earth science experience for deaf students.

Presenter: Charles R. Barman, Indiana University Purdue University Indianapolis
Teaching Science to Students with High Incidence Disabilities
Teaching strategies and routines developed by the Center for Research on Learning for helping students with high-

incidence disabilities develop conceptual understanding.

Presenters: James D. Ellis and Janis Bulgren, University of Kansas

9:10-10:10 a.m. Contributed Papers (60 min) Salon C

Why are Dilutions Difficult for Students to Conceptualize?
This paper presents the findings of a study that addressed the issue as to why students have difficulty understanding

dilutions.

Presenter: Teddie Phillipson, Indiana University

Evaluation of a Model for Supporting the Development of Elementary School Teachers' Science Content
Knowledge

This presentation will describe and evaluate an inquiry-based professional development model for enhancing

elementary school teachers' science content knowledge.

Presenter: Alicia Cristina Alonzo, University of California, Berkeley

9:10-10:10 a.m. Contributed Papers (60 min) Salon B

Building Bridges: Using Science as a Tool to Teach Reading and Writing
This paper outlines the results of an action research conducted in a 5th grade classroom that integrated reading and
writing instruction with hands-on science instruction.

Presenter: Delna Nixon, Washington State University
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9:10-10:10 a.m. Contributed Papers (60 min) Salon A

Missing the Boat: A Closer Look at Preservice Elementary Teacher Beliefs About Science Teaching and
Learning

This study compared beliefs about science teaching and learning of students who had taken a inquiry-based physics
course prior to science methods to those who had not.

Presenters: Paula Hubbard, Purdue University, Sandra Abell, University of Missouri-Cobia
Instructional Challenges in Modeling Scientific Inquiry: The Case of Physics for Elementary Education
Is scientific inquiry an appropriate model for instructional inquiry? This question is examined in terms of the

implementation of an inquiry-based physics course for elementary education majors.

Presenter: Mark J. Volkmann, University of Missouri

9:10-10:10 a.m. Contributed Papers (60 min) ) _ Salon F

The Development and Implementation of an Observational System for Hands-on Discovery Learning in
Science

This study looks at the design and implementation of a classroom observational system designed to detect the
presence of hand-on, discovery or inquiry instructional practices. The system is designed to be used with practicum
and student teachers.

Presenter: Clifford A. Hofwolt, Vanderbilt University
Content Pedagogy Dilemma in Science Teacher Education: Implications for Policy and Practice
Pre-service teacher science competency issues will be addressed. How technology could bridge content and

pedagogy will be discussed with implications for policy and practice.

Presenters: David D. Kumar, Florida Atlantic University, Clifford A. Hofwolt, Vanderbilt University

9:10-10:10 a.m. Contributed Papers (60 min) Salon G

Distance Education: Can We Provide Content Courses Via the WEB?
Describes our plan to export a popular course beyond classroom walls using real-time broadcast and two-way audio
and video links to other classrooms. Some startup problems.

Presenters: Bill Baird and Ralph Zee, Auburn University
The Impact of an Online Computer Simulation on Teachers' Conceptions of Longitudinal Waves
This study demonstrates the effectiveness of using an innovative online simulation program to dispell student

misconceptions about particle behavior in longitudinal waves

Presenters: Karen Irving, Rebecca McNall, Joe Garofalo, Randy Bell, University of Virginia

10:10-10:20 a.m. : Coffee Break




Friday Morning
Concurrent Sessions
F3
10:20 -11:20 a.m.

10:20-11:20 a.m. AETS Session (60 min) Myers Park

AETS Town Meeting
An open forum to discuss issues related to AETS

Presiding: AETS Officers

10:20-11:20 a.m, Interactive Session (60 min) Dilworth

Use of Scientific Inquiry to Explain Counterintuitive Observations
To enhance process skills and content acquisition, structured exploration activities are used to explain
counterintuitive observations. These developmentally appropriate activities draw students into the experiences.

Presenters: Mary Jean Lynch and John J. Zenchak, North Central College

10:20-11:20 a.m. Demonstration (60 min) Eastover

Teaching Controversial Issues of Bioethics
Participants will receive a copy of a jig-saw lesson on Genetically Engineered Foods, used in a methods course for
analyzing a controversial current topic.

Presenter: David R. Stronck, California State University, Hayward

Ossabaw Island: Three Years of Teaming Technology with Outdoor Science to Meet the National Science
Education and National Educational Technology Standards : -

For the past three summers, students in graduate level science education courses at the University of Tennessee have
combined hands on science in the natural setting on Ossabaw Island with technology to meet National Science
Education Standards, NCATE accreditation standards, and national Educational Technology Standards. The results
are exciting. '

Presenters: Kathryn DiPietro, University of Tennessee, Becky Ashe, West HighSchool

10:20-11:20 a.m. Contributed Papers (60 min) Elizabeth

An Extended Examination of Preservice Elementary Teachers' Science Teaching Self-Efficacy

Using the STEBI-B with undergraduate elementary teachers at various points in their preparation, significant
differences in PSTE were found from methods instruction and student teaching experiences. Science content
courses only affected the PSTE of those students who had low initial efficacy scores. STOE was unaffected.

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

Extension of the Self-Efficacy Beliefs About Equitable Science Teaching and Learning Instruments to include
Learning Support and Gifted and Talented Students

The SEBEST -- assesses prospective elementary teacher self-efficacy beliefs toward science teaching and learning

for diverse learners -- now includes learning support and gifted/talented students.

Presenters: Jennifer Ritter, Millersville University, William J. Boone, Indiana University, Peter A. Rubba, Penn
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State University

10:20-11:20 a.m. Contributed Papers (60 min) Wendover

Measuring Scientific Reasoning Development: A Novel Approach
Dissatisfied with available instruments for measuring the scientific reasoning development of enrollees in
contrasting styles of undergraduate introductory biology, we invented one that yielded intriguing insights.

Presenter: Jeffery Weld, University of Northern Iowa
Changing Teachers’ Attitudes and Perceptions of Science and Scientific Research
The purpose of this qualitative study was to determine if a residential science research experience changed

participants’ attitudes and understanding of the nature of science.

Presenters: Aimee L. Govett, University of Nevada, Debra Hemler, Fairmont State College

10:20-11:20 a.m. Contributed Papers (60 min) ' Salon C

Keiyo's (Kenya) Knowledge of Lizards and Chameleons

Keiyo language is unwritten. This study is documentation of Keiyo language of lizards and chameleons and is part
of an ongoing study of Keiyo's biological knowledge, experiences, and science teaching and learning. Data is being
used for development of indigenous curricu materials.

Presenter: Norman Thomson, University of Georgia

Basotho Students Perception of Topic Difficulty in Some Social-Related Concepts in Biology and Classroom
Practices: Implications for Scientific Literacy.

This study tried to determine how Basotho students perceived genetics, social biology, ecology and microbiology

topics. Most students perceived topics in genetics to be difficult.

Presenters: E. O. Odubunmi and M. Tsepa, Science Teachers Association of Nigeria

10:20-11:20 a.m. Contributed Papers (60 min) Salon'B

Integrating a Science Content Course and a Cognitive Development Course for Preservice Early Childhood

Teachers: Barriers and Benefits
The session will analyze the process of integrating a science content course and a cognitive development course,

including the perceived barriers and benefits.

Presenters: April Dean Adams, Northeastern State University, Elizabeth Ethriddge, University of South Florida at
Sarasota-Manatee

We teach as We Were Taught: Integrating Active Learning and Pedagogy into Undergraduate Science

Courses.
Local colleges collaborate to infuse pedagogy, cultural literacy, active learning,, and field experiences into science

courses for future teachers. Data indicate success, with some challenges.

Presenters: Donna L. Ross and Jeanne M. Weidner, San Diego State University

10:20-11:20 a.m. Contributed Papers (60 min) Salon A

A Scientific Method Based Upon Research Scientists’ Conceptions of Scientific Inquiry
We suggest a scientific method that may bring greater clarity for teachers of science that reflects the conceptual
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basis research scientists bring to their work.

Presenters: William S. Harwood and Rebecca R. Reiff; Indiana University

An Investigation of the Relationship Between Science Teaching Actions and Beliefs About the Nature of
SAc:]‘:ll:lclietative study on the secondary science teachers' science teaching actions with regard to their own beliefs about

the nature of science.

Presenters: Sajin Chun and J. Steve Oliver, University of Georgia

10:20-11:20 a.m. Interactive Session (60 min) Salon F

Collaborations for Success

Reorganization of professional systems [schools, departments, projects] from "Management 7By Objectives” [MBO]
to "Continuous Improvement" [CI] is highlighted. Participate in interactive experiences that can change YOU
professionally.

Presenter: Herbert D. Their, Lawrence Hall of Science, University of California, Berkeley

10:20-11:20 a.m. Interactive Session (60 min) ' Salon G

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. Students can
incorporate data from a Global Positioning System (GPS) unit and explore their community, map their watershed,
and analyze their planet. Participants will receive a free CD containing ArcVoyager Special Edition GIS software,
lessons, and data.

Presenters: ESRI Education Team

Friday Morning
Committee Meeting & Box Lunch
F 4
11:40 a.m. - 1:00 p.m.

« Please pick up your box lunch in the Pre-Function Area prior to going to the
Committee Meetings.

* Ticket, included in registration packet, is needed in order to pick up your lunch.
Elections Committee Dilworth
Oversight Eastover
Membership and Participation Elizabeth
Awards Wendover
Equity Salon C
Professional Development Salon B
Program (Conference Coordination) _ Myers Park
Regional Unit Representatives Salon A
Communications Salon F
Publications Salon G
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Friday Afternoon
Concurrent Sessions

FS5
1:10 - 2:10 p.m.

1:10-2:10 p.m. Panel Symposium (60 min) Myers Park

Preparing Teachers Through Service Learning: Lessons from Case Studies
Discussion of some working models for placing perservice teachers in school settings prior to student teaching to
provide early experience while assisting the community. Case studies and Outcomes.

Panelists: Bill Baird and Charles Eick, Auburn University

1:10-2:10 p.m. Panel Symposium (60 min) Dilworth

Preservice Teachers Experiencing Inquiry Through Scientific Research
This session will include pre-service teachers who have conducted scientific research, and will focus how it has
impacted how they think about and teach science.

Panelists: PennyJ. Gilmer, Lori Hahn, Randy Spaid, Rebecca Brockwell, Florida State University, Ron Wark and
Christy Tarter, Escambia County Schools

1:10-2:10 p.m. Interactive Session (60 min) Eastover

The ‘how-tos” in the Creation of a National Professional Development Project.
A model for creation of a National professional development project that promotes scientific literacy through
partnerships and a multiplier effect. NASA’s “Mission to Mars” is the focus.

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

1:10-2:10 p.m. Interactive Session (60 min) Elizabeth

Using a Card Sorting Task to Elicit Science Teaching Orientations
We will share a card sorting activity for eliciting science teaching orientations. This activity is designed to aid
prospective teachers in articulating their teaching philosophies.

Presenters: Patricia Friedrichsen and Thomas Dana, Pennsylvania State University

1:10-2:10 p.m. Interactive Session (60 min) » : Wendover

Building Visual/Spatial Thinking Skills in Children and Teachers
Visual/spatial thinking skills are fundamental to both professional science and to learning of science. Find out how
to develop these skills in students and teachers.

Presenter: AlanJ. McCormack, San Diege State University
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1:10-2:10 p.m. Demonstration (60 min) Salon C

Helping Science Teachers Understand How Scientific Theory is Under Determined by Empirical Data

An important philosophical issue in the nature of science is that scientific theory is under determined by empirical
data. Using the Learning Cycle, I demonstrate how the Full Option Science System (FOSS) “Humdingers” activity
canbe used to introduce this important, abstract concept in the nature of science.

Presenter: John R. Staver, Kansas State University
Using Problem-Based Learning in an Elementary Science Methods Course
This demonstration will discuss how problem-based learning is used in my elementary science methods course to

enhance the thinking of preservice teachers about science education issues.

Presenter: James T. McDonald, Purdue University

1:10-2:10 p.m. Contributed Papers (60 min) ‘ Salon B

Head Start on Science and Communication: A Content Based Literacy Development Program
The purpose of this presentation is to discuss a model that fosters science learning through a systematic approach to
language development. ‘ :

Presenters: Penny L. Hammrich and Evelyn R. Klein, Temple University
"On the Other Side of the Tracks"
The purpose of this paper is to describe the science education program in three academies of a middle school, the IB

Program, Communication Academy, and School to Career Academy.

Presenter: Felicia M. Moore, Florida State University

1:10-2:10 p.m. Contributed Papers (60 min) _Salon A

A Multicultural Comparison of Draw-A-Scientist Test Drawings of Eighth Graders
Drawings of scientists made by students from several different multicultural groups will be compared using the
Draw-A-Scientist Test-Checklist.

Presenter: Kevin D. Finson, Western Illinois University
Science, Creationism & Religion: Responses from the Clergy
We will share results of a pilot study investigating how mainstream clergy reconcile creation stories and evolution.

Implications for science teaching will be addressed.

Presenters: Alan Colburn and Laura Henriques, California State University-Long Beach, Michael Clough, lowa
State University

1:10-2:10 p.m. Contributed Papers (60 min) Salon F

Explicit/Reflective Instructional Attention to Nature of Science and Scientific Inquiry: Impact on Student

Learning
This study reports the impact of a professional development project on learning of nature of science and scientific

inquiry for students in grades 6-12.

Presenters: Renee S. Schwartz and Shiang-Yao Liu, Oregon State University, Norman G. Lederman, Rola Khishfe,
Judith Sweeney Lederman, Lee Mathews, Illinois Institute of Technolgy
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Teaching Nature of Science: A Success Story
The purpose of this study was to investigate the effectiveness of an explicit inquiry- oriented compared to an
implicit inquiry-oriented approach on students, understandings of NOS.

Presenters: Rola Khishfe, lllinois Institute of Technology, Fouad Abd-El-Khalick, University of Illinois at Urbana-
Champaign

1:10-2:10 p.m. Contributed Papers (60 min) Salon G

Bridging Content and Pedagogy within Early Childhood Teacher Preparation: Focusing on Children's

Scientific Reasoning
Examines a redesigned early childhood program focused on preparing early childhood teachers to better support
children's transition from intuitive theories to understanding formal subject matter.

Presenter: Amy B. Palmeri, Vanderbilt University

Social Interactions and Gender Differences Among Preschoolers Engaged in Science Activities
Findings from a two-year study focusing on the social interactions and gender differences among preschoolers (4-5
years old) engaging in science activities

Presenters: Josephine M. Shireen Desouza, Ball State University, Charlene M. Czerniak, University of Toledo

Friday Afternoon
Concurrent Sessions

Fo6
2:20 - 3:20 p.m.

2:20-3:20 p.m. Interactive Session (60 min) Myers Park

Nurturing Inquiry in the Classroom: A Lesson Using Crystals
Participants will be introduced to redesigning a lesson on crystals, from STC’s Rocks and Minerals module, to

address specific content needs through an inquiry approach.

Presenters: Barbara Manner, Duquesne University, Sharon Beddard-Hess, ASSET Inc., Argy Daskalskis, Osborne
Elementary School

2:20-3:20 p.m. Interactive Session (60 min) Dilworth

Teacher-Student Co-Construction in Middle School Life Science
During the construction of intermediate mental models in life science, the teacher and students act like partners.
They openly discuss their ideas and challenge each other’s arguments.

Presenters: Mary Anne Rea-Ramirez, Hampshire College, Helen Gibson, Holyoke Public Schools, Mary Jane Else,
John Clement, Maria Nunez-Oviedo, University of Massachusetts



2:20-3:20 p.m. Panel Symposium (60 min) Eastover

Reaching Out to Teachers: Is On-line Professional Development the Answer?
Educators with varying degrees of experience will discuss issues related to deliveringprofessional development to
teachers using distance education technologies. Audience participation is encouraged.

Panelists: Joan M. Whitworth, Morehead State University, Kathleen Davis and Morton Sternheim, University of
Massachusetts- Amherst, Susan J. Doubler, Lesley University, Fredrick D. Siewers, Western Kentucky University,
Chris Emery, Amherst Regional High School, Steve Murray, Lawrence School

2:20-3:20 p.m. Demonstration (60 min) : Elizabeth

Developing Pedagogical Content Knowledge (PCK) in a Science Methods Course
This presentation provides assignments including strand maps, video analyses and text evaluations to enhance the
student understanding of PCK, its value, and a set of tools to use in enhancing their own PCK...

Presenter: Patricia Simpson, St. Cloud State University
Constructing Science Understanding in a Simulation-Based Environment
A presentation of computer simulation based instruction for constructing science understanding and its effect on

teacher content knowledge.

Presenters: David D. Kumar, Florida Atlantic University, Karen Tobias, Broward County School District

2:20-3:20 p.m. Contributed Papers (60 min) Wendover

Tele-collaboration and Elementary Preservice Teachers Equals Benefits for Science Education
TEACH, a 2-year tele-collaborative project, led to improvement in the treatment groups both in aspects of
technology and in aspects of science education reform.

Presenters: Juanita Jo Matkins, University of Virginia, Elizabeth Klein, State University of New York-Courtland,
Starlin Weaver, Salisbury State University

K-12 Principals' Perceptions: Reforming Science Teaching
both qualitative and quantitative methods, this study explores principals' perceptions of various elements in science
reform, specifically science teaching and school climate for professional development.

Presenters: Stephen Marlette and M. Jenice Goldston, Kansas State University

2:20-3:20 p.m. Contributed Papers (60 min) Salon C

Cleveland’s Urban Fellows: A Master’s Program for Cultivating Instructional Leaders in Urban Middle

School Math and Science Teaching
The session relates this collaborative between an urban school system and the local state university involving thirty

exemplary mathematics and science teachers.

Presenters: Darlene Davies, Cleveland State University, Lorene France, University of Akron, John Settlage,
University of Utah

Assessing the Current and Projecting the Future of Urban Science Teacher Preparation
Twenty science educators whose institutions are major suppliers of urban teachers participated in a Delphi study.
Issues addressed included useful resources, experiences and professional development.

Presenters: John Settlage, University of Utah, Matthew Teare, Cleveland State University
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2:20-3:20 p.m. Contributed Papers (60 min) Salon B

Developing a Physics Course for Elementary & Middle Level Education Majors: Evolution of One Teacher’s
Enacted Curricu

Presenters will share the findings from a collaborative study engaging a physics professor and science educator in
examining the enacted curricu of a physics course for prospective elementary and middle level teachers.

Presenter: Carol Briscoe and Chandra S, Prayaga, University of West Florida
Elementary Science Methods: Good Class Gone Bad
A case study highlighting critical incidents changing the climate in a methods class from risk free to tension

dominated and emergent issues will be discussed.

Presenters: Barbara S. Spector and Ruth S. Burkett, University of South Florida

2:20-3:20 p-m. Contributed Papers (60 min) Salon A

Making Puerto Rican High School Physics Contextual and Culturally Relevant: A Statistical Analysis of

Influencing Factors
Puerto Rican physics teachers’ use of local examples, problems, and application of physics concepts in high school
curricula and factors that influence their actions.

Presenters: WilsonJ. Gonzalez-Espada and J. Steve Oliver, University of Georgia

Voices in a Reservation School: A Sonata-Form Narrative from a Professor and a Dakota Preservice Teacher
about their Professional and Practical Knowledge Teaching Science in Culturaily Responsive Ways.

Federally funded research yields divergent perspectives on teaching sciencein culturally responsive ways. Results

from a narrative study will bepresented as an Umonhon Worldview.

Presenters: Jo Anne Ollerenshaw and Delberta Lyons, University of Nebraska -Lincoln

2:20-3:20 p.m. Contributed Papers (60 min) Salon F

A Comparison of Two Innovative Alternative Programs in Science Teacher Preparation

In response to the critical need for licensed science educators, Pacific University has developed two innovative
programs. The design framework, course sequences, target audiences, and successes/issues within each program
will be described.

Presenters: Camille L. Wainwright and Mark Latz, Pacific University

An Alternative Master’s Degree and Certification Program for Potential Science Teachers

The M.Ed. with certification and emphasis in science education program was developed for potential teachers with a
science background. The program, the rationale for the program design, and preliminary data on the students will be
discussed.

Presenters: Julie A. Lufi, Willis Horak, Barbara Austin, University of Arizona

2:20-3:20 p.m. Demonstration (60 min) Salon G

The Secret Life of the Brain
AETS is a partner in the outreach for this upcoming PBS series. Come and view the introduction of this series and

the educational materials associated with the series.

Presenter: Paricia McGann, Channel 13/WNET, New York

.. 44



3:20-3:45 p.m. Coffee Break

Friday Afternoon
Regional Meetings
3:45- 4:15 p.m.

Now that you have had some refreshment, meet with your regional AETS group and get
involved. The regional meetings are in the following locations:

Northwest Myers Park
North Central Dilworth
Northeast Eastover
Southwest Elizabeth
Southeast Wendover
Far West ‘ - . Salon A
Mid Atlantic Salon B
Friday Afternoon

Concurrent Sessions

F7
4:15 - 5:15 p.m.

4:15- 5:15 p.m. Panel Symposium (60 min) Myers Park

Distance Education Approach to Science Education Reform: Achieving Local Systemic Change in Small,
Isolated School Districts

This symposium addresses the organizational, practical, and logistical considerations of effecting science education
reform in small, rural, isolated school districts utilizing distance educational strategies and information technologies
(regional workshops, local pro-D meetings, ITV sessions, and Internet communication).

Panelists: Larry Yore, University of Victoria, James Shymansky and Len Annetta, University of Missouri-St. Louis,
Joanne Olson and Brian Hand, lowa State University, Susan Everett and Chia-Jung Chung, University of Iowa

4:15 - 5:15 p.m. Demonstration(60 min) Dilworth

Data Collection Everywhere--with Vernier LabPro®
Learn how you can collect data using the exciting Vernier LabPro® - the versatile interface that can be connected to
a computer or a Tl Graphing Calculator.

Presenter: Gerard Ezcurra, Vemier Software and Technology



4:15 - 5:15 p.m. Interactive Session (60 min) Eastover

Sheltered English in the Elementary Science Classroom: A Demonstration Lesson and Discussion
This session will entail a demonstration science lesson for a first grade classroom that employs Sheltered English
techniques to increase comprehension for second language learners.

Presenter: Gilbert Valadez, California State University, San Marcos

4:15-5:15 p.m. Contributed Papers (60 min) Elizabeth

The Nature and History of Science in 9th Grade Physical Science
An action research study emphasized explicit instruction in the Nature and History of Science. Questionnaires,
interviews, and reflection provide argument for effectiveness of approach.

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

The Influence of a Philosophy of Science Course on Preservice Secondary Science Teachers, Views of Nature
of Science

This study assessed the influence of a philosophy of science course on preservice secondary science teachers, views
of, and perceptions of teaching about nature of science.

Presenter: Fouad Abd-El-Khalick, University of Illinois at Urbana-Champaign

4:15-5:15p.m. Contributed Papers (60 min) Wendover

Perspectives on Science Teacher Preparation
This presentation will reflect on current teacher preparation practices and will suggest new ways for preparing
science teachers at all levels.

Presenter: Marvin Druger, Syracuse University
Professional Development for Elementary Science Teaches: Implications for Practice
This presentation describes a professional development for elementary teachers in science instruction. A model will

be provided for implementing quality professional development activities.

Presenters: Jerry Whitworth, Jeff Arrington, Patricia Hernandez, Abilene Christian University

4:15 - 5:15 p.m. Contributed Papers (60 min) Salon C

Preparing Science Specific Mentors: A Look at One Successful Georgia Program
Session paper focuses on the components of a successful mentoring program for science teachers, including
participating teachers' views of the program.

Presenters: Leslie Upson and Thomas Koballa, University of Georgia, Brian Gerber, Valdosta State University,
Dava Coleman, Cedar Shoals High School, Baba Abayomi, Albany State University

Novice Teachers’ and Mentors’ Perceptions of a Multifaceted Mentoring Program and the Needs of Early-

Career Science Teachers
The perceptions of the participants in a collaborative program that provides support for new science teachers and
their mentors are discussed and recommendations made.

Presenters: Carolyn Dawson, Northern Michigan University



4:15- 5:15 p.m. Contributed Papers (60 min) Salon B

Developing an Authentic Language for a Web-Searchable, Hypermedia Teacher Education Database
We describe development of an authentic conceptual language for construction of a Web-based, searchable teacher
education database for multi-media, hyperlinked standards- and research-based best practices.

Presenter: E. Barbara Klemm, University of Hawaii

Using a Web-Based Task to Make Prospective Elementary Teachers’ Personal Theorizing About Science
Teaching Explicit

This qualitative case study examines prospective elementary teachers’ developing personal theories about science

teaching and learning as revealed through a web-based task.

Presenters: Carla Zembal-Saul and Lucy Avraamidou, Pennsylvania State University

4:15 - 5:15 p.m. Contributed Papers (60 min) Salon A

Project ICAN: A Professional Development Program for Teachers’ Knowledge and Pedagogy of Nature of

Science and Scientific Inquiry
Project ICAN is designed to enhance middle and secondary teachers’ disciplinary and padagogial knowledge related
to nature of science and scientific inquiry. Project design and effectiveness are discussed.

Presenters: Norman G. Lederman, Rola Khishfe, Judith Sweeney Lederman, Lee Mathews, Illinois Institute of
Technology, Shiang-Yao Liu, Oregon State University

The Science of Inquiry
Presents analysis of a professional development program in which teachers (K-12) develop a model for inquiry-
based teaching through concurrent experiences in science research and reflective practice.

Presenters: Jeff Dutrow, Maggie Helly, Nancy Davis, Florida State University

4:15-5:15 p.m. Contributed Papers (60 min) Salon F

Teachers Inquire: Learning about Chemistry Education in a Master of Chemistry Education Program
We report the intended and enacted curricu of a Masters of Chemistry Education degree. Two participant-teachers'
case studies illustrate the implementation of the learned curricu.

Presenters: Catherine Milne, University of Pennsylvania, Matthew Corcoran, Framingham High School, Tracey
Otieno, Furness High School

Curricu by Design: Improving Student Leaning in College Chemistry and Biology
A curricu design model was developed and employed to create a focused and coherent curricu for first-year
Chemistry and Biology college courses.

Presenters: Robert Bleicher and Nancy Romance, Florida Atlantic University




4:15 - 5:45 p.m. Combined Panel and Poster Session (20 min) Salon G&H

Preservice Elementary Education Program Innovations
A combined panel discussion and poster session will explore program innovations to support preservice elementary
science teacher preparation.

Moderator: Michael Kamen, Auburn University

Panel Discussion
Unique Needs of Elementary Science Teachers
Mark D. Guy, University of North Dakota

The Nuts and Bolts Issues of Programmatic Innovations in Programs of Study for Prospective Elementary
Teachers of Science (and Mathematics)
J. Randy McGinnis, University of Maryland

Issues Relating to Theory and Practice in a Constructivist Paradigm

Val Olness, Augustana College

Collaborations Between College of Education and College of Science Faculty in Order to Facilitate
Elementary Science Education

April Dean Adams, Northeastern State University

State Requirements: The Good, the Bad, and the Ugly
Valarie Akerson, Indiana University

Poster Presentations

Integrated Internships
Michael Kamen and Kimberly Lott, Auburn University

Technology Tools to Support Teaching and Learning
Mark D. Guy, University of North Dakota

Maryland Collaborative for Teacher Preparation
J. Randy McGinnis, University of Maryland

The New Basics Project
John Stir, Griffith University

Integrating Science Methods with Reading, Mathematics, Art and Music Methods Through Common Field
Experiences and Assessment Methods
Michael R. Cohen, Indiana University Purdue University Indianapolis

The “Urban Semester”
Melissa A. Mitchell, Ball State University

Meeting the Needs of Preservice Elementary Teachers in Science Content Courses
Carolyn Dawson, Northern Michigan University

Interdisciplinary Approaches to Curricu Design
Katherine C. Wieseman, Western State College

Teaching in the Constructivist Paradigm
Val Olness, Augustana College

Color Coding Analysis Strategies for Inquiry Based Science Teaching and Learning
Kathryn A. Ahern, Hofstra University :
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Content Course for Education Majors
April Dean Adams, Northeastern State University

Restructuring for Licensure
Patricia Paulson, Bethel College

Specialized Studies in Aviation Course for Elementary Education Majors
Christine Mosely, Oklahoma State University

Performance Assessment in Science Methods
Valarie Akerson, Indiana University, Judith A. Morrison and Amy Roth-MdDuffie, Washington State University

Using Web Based Portfolios to Assess Preservice Science Teachers
Alec M. Bodzin, Lehigh University
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Saturday Morning

6:30-8:00 p.m. Continental Breakfast Pre-Function Area

Concurrent Sessions

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

8:00-9:00 a.m. Panel Symposium (60 min) Myers Park

Science Faculty Members' Conceptions of Scientific Inquiry: Insights from the Frontlines of Science
This panel symposium will be comprised of three investigators who will describe how scientists understand

scientific inquiry.

Panelists: William S. Harwood, Rebecca Reiff, Teddie Phillipson, Indiana University

8:00-10:00 a.m. Panel Symposium (120 min) Salon G&H

Science Education in California
This session focuses on science education in California. Presenters will discuss science education programs,
science/science methods courses, research, policies and politics, and the California Science Teachers Association.

Moderator: Kathy Norman, California State University, San Marcos

TEACHER PREPARATION PROGRAMS

Integrating Science, Cultural Literacy, and Pedagogy: An Innovative Approach in California's Return to
Undergraduate Credential Programs.

Professional Development Opportunities for Preservice Science Teachers

Update on the Pathways to Professionalism Intern Program at CSUSB for Multiple Subject Candidates - Program
and Assessment

Including the Free Activities Guides of Project WILD and Project Learning Tree within the Methods Courses for
Teachers

Inspiring Creative Thinking and Innovativeness in Prospective Elementary Teachers - Project SPARK
"A Head Start on Science" Project at California State University, Long Beach

PROGRAMS FOR PRESERVICE AND PRACTICING TEACHERS
The Fresno Collaborative for Excellence in the Preparation of Teachers (FCEPT)

PROGRAMS FOR PRACTICING TEACHERS
California Science Teachers Association: Professional Development

Inquiry, Cultural literacy, and Informal Science Education Share the Spotlight: Lessons from the Development of a
New M.A. degree in Science Education.

Graduate Opportunities for Teachers in North County San Diego: A Masters in Education Degree Integrating
Science, Mathematics and Educational Technology
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RESEARCH ON TEACHING
Using the Research on Teacher Wisdom to Identify Learning Outcomes for Science Teacher Credential and Masters

Degree Candidates

Secondary Science Emergency Permit Teachers' Perspectives on Power Relations in their Environments and the
Effects of these Powers on Classroom Practices

SUMMARY: SCIENCE EDUCATION IN THE GOLDEN STATE
The Science Instructional Setting in California: Politics, Policies and Potential

Presenters: Kathy Norman, California State University, San Marcos, David M. Andrews, California State
University, Fresno, Bonnie Brunkhorst, Herbert Brunkhorst, Jan Woerner, California State University, San
Bernardino, Alan Colburn, Laura Henriques, William C. Ritz, California State University, Long Beach, Cheryl
Mason, National Science Foundation, 4lan McCormack and Donna L. Ross, San Diego State University, Hedy
Moscovici, California State University, Dominquez Hills, David R. Stronck, California State University, Hayward,
William F. McComas and Diana Y. Takenaga-Taga, University of Southern California

8:00-9:00 a.m. Interactive Session (60 min) Eastover

Strategies for Getting a Faculty Position -
This session will discuss potential higher education positions and typical responsibilities based upon 2000-01 listing.
Suggestions for a successful job interview strategies plus professional acctivities that facilitate tenure.

Presenter: Lloyd H. Barrow, University of Missouri

8:00-9:00 a.m. Interactive Session (60 min) Elizabeth

The Science of Writing, the Writing of Science

The theory and practice of various genres of science writing using results from three empirical studies of preservice
teachers and elementary students. - o :

Presenters: Christopher Andersen and Christine D. Warner, Ohio State University, Merce Garcia-Mila and
Nubia E. Rojo, Universitat de Barcelona

8:00-9:00 a.m. Interactive Session (60 min) Wendover

Analyzing Instruction Materials: Teaching Pre-service Teachers to Recognize Inquiry

In this interactive session we will demonstrate a process for analyzing instructional materials from an inquiry
perspective that can be used to affect pre-service teachers’ understanding of inquiry. By using rubrics that
emphasize the National Science Education Standards for Inquiry to analyze instructional materials, pre-service
teachers develop a better understanding of inquiry and as a result, better understand the roles of instructional
materials, teachers, and learners when facilitating inquiry in the classroom.

Presenter: Janet Carson Powell and Jerry Saunders, BSCS

8:00-9:00 a.m. Demonstration (60 min) Salon C

Interactive Internet Activities: Tools for Inquiry and Pathways to Reform

There is good reason to believe that interactive Internet science education utilities can be used to facilitate inquiry
and promote educational reforms congruent with those envisioned in the National Science Education Standards.
Two types of Internet sites appear especially promising, those that offer simulations of research equipment or
settings and those that allow students to interact with large relevant data sets will be demonstrated and discussed
during this session.

Presenter: Richard A. Huber, University of North Carolina-Wilmington
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Petals Around the Roses
"Petals Around the Roses," provides a way of allowing students to experience the process of self-regulation and the

subsequent "Ah-ha!" experience

Presenter: Robert L. Hartshorn, University of Tennessee at Martin

8:00-9:00 a.m. Contributed Papers (60 min) Salon B

Are Elementary Science Methods Courses Preparing Teachers to Address the National Science Education

Standards?
An investigation of a national sample of elementary science methods courses: their similarities, differences, and

extend their design addresses the National Science Education Standards.

Presenter: Leigh Smith, University of Utah

Preservice Elementary School Teachers’ Understandings of Theory Based Science Education

We examined student’s understandings of the learning cycle. Results indicate students demonstrated understanding

of each phase of the learning cycle after completing the two course sequence.

Presenters: Ed Marek, Tim Laubach, Jon Pedersen, University of Oklahoma

8:00-9:00 a.m. Contributed Papers (60 min) Salon A

Multiple Problems--Multiple Perspectives: Initiating a Science Professional Development School
Science Professional Development Schools have potential for enhanced development for science teachers, both
prospective and practicing. Challenges and benefits will be examined in scholarly perspective.

Presenters: Barbara A. Crawford and Sherry Kramer, Pennsylvania State University
Professional Development for Inservice Teachers and Principals
A comprehensive review of literature is overviewed to identify what costitutes professional development for in-

service teachers and principals and t he quality of professional development activities.

Presenters: Nihal Buldu and Ozgul Yimalz, Indiana University

8:00-9:00 a.m. Contributed Papers (60 min) Salon F

Using Internal Evaluation in Curricu Development
Through the internal evaluation of a Chemistry Education degree we identify major themes in chemistry content
courses that informed curricu development and implementation.

Presenters: Catherine Milne, University of Pennsylvania, Matthew Corcoran, Framingham High School

Creating a Curricu Community of Practice

This paper examines the formation of a curricu community of practice that includes teachers, educators, and
scientists. '

Presenter: Leanne M. Avery, Comell University

8:00-9:00 a.m. Poster Presentaion (60 min) : Pre-Function Area

Community Agency Field Experiences Followed by Co-Teaching in the Urban Community
Twelve preservice science teachers were placed in community agencies as a part of their initial field experience. All
were then placed in four urban schools in cohort groups for their internship.
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Presenters: Becky Ashe, West High School, Claudia T. Melear, Leslie Suters, Sherri Brown, University of
Tennessee

An Examination of the Urban School Systems Efforts to Hire New Science Teachers
Fifty urban school systems were contacted to determine various dimension of their new teacher hiring procedures:
sources, interview process, and demographic factors.

Presenter: John Settlage, University of Utah

Reaching a New Audience--Urban Teens in Museums
Presents findings about a program in which students from urban high schools participated in a museum-based
project held during two-week sessions betweenschool terms.

Presenter: Jim Kisiel, Natural History Museum of Los Angles County

Humor as a Component of Science Classroom Environments: Teacher Practices and Student Perceptions in

Urban and Multiculturally Diverse Classrooms
A survey administered to middle school teachers and students assessed the effectiveness of humor as an instructional

and managerial tool in science classrooms.
Presenter: Kathy Manning, Cleveland State University

The Learning Corridor: Exploring an Urban Magnet School Initiative
This qualitative case study will explore and describe an urban, inter-district magnet school recently opened at the
Learning Corridor in Hartford, Connecticut.

Presenter: David Moss, University of Connecticut

Community-Connected Science Education: Creating a Museum High School for Southwestern Virginia
Challenges in educating students for democratic citizenship are multiplying, while Lemke argues traditional science
education is obsolete. In 2002 a new high school in Roanoke, VA - a ‘museum school’ - will address challenges
with a learner-centered, community-connected curricu.

Presenter: Michael L. Bentley, Roanoke Higher Education Center

Without walls: The Science Classroom for Elementary Students in a Small Rural Village in Southern Mexico.
I looked at the science experiences of elementary students in a rural one-room school (una unitaria) in Southern
Mexico.

Presenter: James B. Calkin, University of Georgia

Saturday Morning
Concurrent Sessions

S2
9:15-10:15 a.m.

9:15-10:15 a.m. Panel Symposium (60 min) Myers Park

Legislative Challenges to the Teaching of Evolution: The Science Educators Response
State legislative sessions of 2001 presented challenges to science educators regarding teaching evolution. What are
the responses from science educators to these political efforts?

Panelists: Michael Wavering, University of Arkahsas, Don Duggan—Hads, Cornell University
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9:15-10:15 a.m. Interactive Poster Session (60 min) Eastover

Innovative Curricu Strategies Using Visualizable Mental Models in Middle School Life Science
Four innovative strategies based on intensive research and classroom testing will be presented with examples of
training for the teachers and of actual classroom use.

Presenters: Mary Anne Rea-Ramirez, Hampshire College, Helen Gibson, Holyoke Public Schools. Mary Jane Else
and John Clement, University of Massachusetts

9:15-10:15 a.m. Interactive Session (60 min) Elizabeth

Relating the Natures of Science and Knowledge to Models and Model-Building
Engagement in activities and discussions to develop an understanding of the nature of knowledge, learning and
science through understanding of models and model-building.

Presenter: Steve Gilbert, Virginia Tech

9:15-10:15 a.m. Interactive Session (60 min) Wendover

Infusing Inquiry into Science Methods Courses: Three Perspectives and Strategies
How do science teacher educators model inquiry in their methods courses? This session starts a conversation about
practices of infusing inquiry into methods courses.

Presenters: Marcia Fetters, Western Michigan University, Mark Templin and Janet Struble, University of Toledo

9:15-10:15 a.m. Demonstration (60 min) ' Salon C

Learning about Science Inquiry in the Context of an Innovative Life Science Course Designed for Prospective

Elementary Teachers
This innovative life science course engaged prospective elementary teachers in an original science investigation as
well as provided opportunities to teach elementary children.

Presenter: Leigh A. Haefner, North Carolina State University
Employing Case-based Pedagogy within a Reflection Orientation to Science Teacher Preparation
We will examine the use of case-based pedagogy (specifically, cases-as-layered-commentary and video cases) as an

alternative professional development model that is grounded in a reflection orientation to teacher education.

Presenters: Lynn Bryan and Deborah Tippins, University of Georgia

9:15-10:15 a.m. Contributed Papers (60 min) Salon B

Technology Use and Knowledge: A Survey of Science Educators
A survey of science educator's technology usage and needs were examined. Differences between current and
desired levels of knowledge about using technology will be reported.

Presenters: A. Louis Odom, University of Missouri-Kansas City, Jon E. Pedersen, University of Oklahoma, John
Settlage, University of Utah

Integrating Technology into the Classroom: Training the Teacher

The results of a one-day workshop on teacher learning indicated that it provided the basic skills and tools of the
software but not with classroom integration.
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Saturday Morning
Concurrent Sessions

S3
10:30 -11:30 a.m.

10:30-11:30 a.m. Panel Symposium (60 min) Myers Park

Getting to the Fourth Year: Preliminary Findings Regarding the Practice of MN Beginning K-12 Science

Teachers
Four presentations describing the research questions, findings, and implications of a three year
qualitative/quantitative study of over 90 beginning K-12 science teachers from across Minnesota.

Panelists: Patricia Simpson, St. Cloud State University, Teresea Shume, Minnesota State University Moorhead,
Dorrie Tonnis, University of St. Thomas

10:30-11:30 a.m. Panel Symposium (60 min) Dilworth

Working Together: Improving Preservice Teacher Education by Collaboration
This panel consists of science educators and scientists discussing unique collaborative efforts and grant-funded
projects as well as sharing research findings and suggestions for successful collaborative alliances.

Panelists: Lena Ballone, Julia McArthur, Jodi Haney, Robert Midden, Charlene Waggoner, Kim Keller, Stephen
Van Hook, Bowling Green State University

10:30-11:30 a.m. Interactive Session (60 min) Eastover

Giving Teachers the Credit They Deserve: Professional Development for Elementary Science Teachers
Learn about two new video teacher workshops produced by the Harvard-Smithsonian Center for Astrophysics that
are intended to strengthen elementary teachers' content knowledge of force, motion and energy.

Presenter: Nancy Finkelstein, Harvard-Smithsonian Center for Astrophysics

10:30-11:30 a.m. Interactive Session (60 min) Elizabeth

Arts and Sciences and Education Faculty Collaborative for Teacher Preparation
The University of Akron’s Project TIMS (Teaching Inquiry in Mathematics and Science): A model of collaborative
work for teacher preparation and faculty development throughout northeast Ohio

Presenters: Katherine D. Owens and Francis S. Broadway, University of Akron

10:30-11:30 a.m. Interactive Session (60 min) Wendover

The New Science Literacy: Using Language Skills to Help Students Learn Science
Science offers opportunities for students to practice using language clearly and precisely. Teachers can foster the

growth of language in their students and, thus teach science more effectively to achieve "enduring understanding".
(The session is based upon a book written by the session presenter and soon to be released by Heinemann.)

Presenter: Marlene Their, Lawrence Hall of Science,University of California, Berkeley




10:30-11:30 a.m. Contributed Paper (60 min) Salon C

Implications of Diverse Meanings for ‘Scientific Literacy’
Science teacher educators have a wide range of views on what ‘scientific literacy’ means. Inplications of this

diversity are discussed.
Presenter: Andrew C. Kemp, University of Louisville

Who Am I? : A Preservice Elementary Teacher's Struggle with Social Identity and the Teaching of Science.
This case study investigates the influences and effects social identity has on the teaching of science in an urban
elementary classroom during student teaching.

Presenter: Paul Numedahl, Colorado College

10:30-11:30 a.m. Contributed Paper (60 min) - Salon B

Collaboration Skills as Investments in Scientific Literacy: Results of a Delphi Study
This session presents findings of a Delphi study to establish a definitive picture of the profile of an effective member

of a collaborative task group.

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

Self-Initiated Networking: Improving the Investment in Student Teaching

This presentation discusses self-initiatated networking as a vital activity for student teachers in order to return an

enhanced yield from the student teaching investment.

Presenters: Inge R. Poole, Vanderbilt University

10:30-11:30 a.m. Contributed Paper (60 min) Salon A

Expeditionary inquiry on the Erie Canal
This presentation will focus on relating the workshop experiences and products of a group of New York teachers as
the explored the Erie Canal for two weeks aboard a 33' canal packet boat.

Presenter: Eric A. Olson, State University of New York-Oswego
What is Happening Here? Envivo Analysis of Preservice Images of Elementary Science Teachers at Work
This research extends the DASTT-C in better identifying images and beliefs of pre-service teachers. ENVIVO, a

qualitative software program, allows a more holistic review of illustrations.

Presenters: Julie A. Thomas, Texas Tech University, Jon E. Pedersen, University of QOklahoma

10:30-11:30 a.m. Contributed Paper (60 min) Salon F

Interdisciplinary Instruction in a Science Methods Course: Applying STS
Student reactions to engaging in an STS-oriented experience during their enrollment in a methods course a means of

interdisciplinary instruction will be examined.
Presenter: Kenneth P. King, Northern Illinois University
Dilemmas of Teaching Inquiry in Elementary Science Methods

Teaching inquiry in an elementary science methods course creates unique dilemmas that required the instructors to
examine their teaching and attempt to address these issues.
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2:00-3:00 p.m. Contributed Papers (60 min) Elizabeth

Assessing the Impact of Undergraduate Mathematics and Science Instruction on Beginning Teachers'
Instructional Practices

We provide a description and rationale for the development of two instruments (classroom observation and teacher
interview protocols) designed to document the impact of reform-based professional development for undergraduate
mathematics/science faculty and its impact on the preparation of teachers.

Presenters: Camille L. Wainwright, Pacific University, Lawrence Flick, Oregon State University, Patricia Morrell,
University of Portland

2:00-3:00 p.m. Contributed Papers (60 min) Wendover

Determining and Meeting the Perceived Instructional Needs of the Lateral Entry Science Teacher
Data from interviews, observations, and surveys will be collected in order to create a science teaching methods
course for teachers enrolled in a specific alternative licensure program.

Presenters: Grant Holley and Jack Wheatley, North Carolina State University
Teacher Professional Development Across States: Leveraging Resources
Faculty from two universities in bordering states are working together to provide ongoing, inquiry-oriented, science

and technology professional development to teachers in rural school districts.

Presenters: Brian, L. Gerber, Catherine B. Price, Andrew J. Brovey, Valdosta State University, Marianne B. Barnes
and Lehman W. Barnes, University of North Florida

2:00-3:00 p.m. Contributed Papers (60 min) Salon C

Time to Learn: The Evolution of a Successful K-12 Staff Development Model
University and K-12 educators will analyze a model that combines teacher driven science content and pedagogy
learning, designed free time, collaborative curricu development, and resource support.

Presenters: Robert E. Hollon, Robert Eierman, Karen Havholm, J. Eirk Hendrickson, University of Wisconsin - Eau
Claire, Dawn Olson, South Middle School

Staff Development in an Intensive Yearlong Program
In-service science teachers participating in an intensive yearlong staff development program share their perceptions

of pedagogical change resulting from the experience.

Presenter: Joneen A. Hueni, Bellville Independent School District

2:00-3:00 p.m. Contributed Papers (60 min) Salon B

Professional Development Models: A Comparison of Duration and Effect.
Personal science teaching efficacy, outcome expectancy, and content preparation of teachers in two different
professional development models (two weeks vs. 3 weekends) is explored .

Presenters: David T. Crowther and John R. Cannon, University of Nevada, Reno
A Professional Development Schools Model of Cognitive and Pedagogical Enhancement for Elementary

Science Teachers
An investigation of the extent to which inquiry-based science learning influenced the teaching practices of pre-

service and in-service teachers.
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Presenter: Glenda Love Bell, Texas A&M University-Commerce

2:00-3:00 p.m. Contributed Papers (60 min) Salon A

Strengthening Geology Content Courses for Prospective Elementary Teachers: Bridging the Great Divide
This study focuses on the impact of incorporating “best teaching practices” in a geology lecture and laboratory
course for prospective teachers through researcher co-participation.

Presenters: M. Jenice Goldston, Monica Clement, Jackie Spears, Kansas State University

Big Ideas in Science: Preliminary Evaluation of Collaboratively Developed General Education Course for

Elementary Education Majors
Preliminary evaluation of a course designed by a unique partnership to initiate preservice elementary teachers into
the process by which scientific knowledge develops.

Presenters: Eric A. Hagedorn, William F. Kean, Thomas A. Holme, Jane Wisniewski, Tracy J. Posnanski,
University of Wisconsin- Milwaukee

2:00-3:00 p.m. Contributed Papers (60 min) Salon F

Sociocultural Perspectives on the Teaching and Learning of Physics in Urban High Schools
This study is one that focuses on the teaching and learning of physics of five urban high school students from an
African American ethnicity and backgrounds of economic distress.

Presenter: Rowhea Elmesky, University of Pennsylvania

Elementary Learning Communities in Science: Cooperation and Mentoring That Challenge Current
Concepts of Equity

Coaching Teams, or four-person cooperative groups, were studied in a fourth and fifth grade science class. Findings

include new views of equity in education,

Presenter: PaulaJ. Lane, University of North Carolina-Chapel Hill

2:00-3:00 p.m. AETS Awards Papers (60 min) Salon G

AETS Awards Presentations
Presentation of papers for Awards 4 and 5

Presiding: J. Randy McGinnis, University of Maryland - College Park

3:00-3:20 p.m. Coffee Break Pre-Function Area
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Saturday Afternoon
Concurrent Sessions

S5
3:20 - 4:20 p.m.

3:20-4:20 p.m. Panel Symposium (60 min) Myers Park

Interacting with Elementary Interns About Their Perceptions of Science Teaching
This interactive panel invites audience participation with preservice teachers in discussing their perceptions of
science teaching.

Panelists: G. Nathan Carnes, University of South Carolina

3:20-4:20 p.m. Interactive Session (60 min) Dilworth

Political Action: Making a Difference in Professional Associations and Elsewhere
This session shares strategies to enhance our members' voices in AETS, the university and government. Through a
case study approach, participants will practice strategies for change. :

Presenters: Barbara S. Spector, University of South Florida, Patricia Simpson, St. Cloud University

3:20-4:20 p.m. Interactive Session (60 min) Eastover

Mentoring and Constructivism: Preparing Students with Disabilities for Careers in Science
The presentation will focus on two concepts to encourage students with disabilities to participate more fully in
science education and to prepare them for life situations.

Presenter: Rita Coombs-Richardson, University of Houston

3:20-4:20 p.m. Demonstration (60 min) Elizabeth

Summer Science Camp as a Vehicle for the Professional Development of Preservice and Inservice Teachers
Professional development pairing preservice (elementary and secondary) and inservice teachers for three weeks
provides grade 4-8 students with a standards-based summer science experience.

Presenters: Laura Henriques and William C. Ritz, California State University-Long Beach

Enhancing Prospective Science Teachers' Knowledge of the Importance of Scientific Modeling Using
MODEL-IT

Models are important tools used by scientists. Use of modeling software to enhance prospective science teachers'

understanding of the importance of models will be examined.

Presenters: Michael J. Cullin and Barbara A. Crawford, Pennsylvania State University

3:20-4:20 p.m. Contributed Papers (60 min) Wendover

Learning Cycle Lesson Plan Rubric
Analysis of "Science Learning Cycle Lesson Plan Rubric" indicated the instrument is effective for evaluation of
lesson plans and predicting subsequent success in classroom implementation.

Presenters: Cheryl White Sundberg, Lea Accologouonm, Dennis Sunal, Cynthia Sunal, Judy Giesen, University of
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Alabama, Kathy Cabe Trundle, Ohio State University

Science Drawings as a Tool for Analyzing Conceptual Understanding

Preservice elementary teachers’ drawings of scientific phenomena were analyzed with respect to what they indicated
about teachers’ understandings and beliefs. Through drawing, teachers were able to reflect on their own beliefs, the
limits of their understanding, and how drawings might be used as an assessment tool in the classroom.

Presenters: Mary T. Stein and Shannan McNair, Oakland University

3:20-4:20 p.m. Contributed Papers (60 min) Salon C

Supporting Beginning Science Teachers: What Can and Cannot be Expected From Induction Programs
Induction programs are not a panacea for improving the performance for science teachers. The are programs that
make specific contributions to the professional development of a teacher. In this paper, we discuss what
contributions can and cannot be expected.

Presenters: Julie A. Luft and Nancy Patterson, University of Arizona, Teresa Potter, Rio Rico High SchoolA Gap
Too Wide : Expectations vs Reality: The Case of a Preservice Science Teacher

This case study describes the science teaching and learning beliefs and classroom practices of a preservice chemistry
teacher who decided to resign from student teaching.

Presenter: Kathleen M. Lesniak, State University of New York at Buffalo

3:20-4:20 p.m. Contributed Papers (60 min) Salon B

If Inquiry is so Great, Why isn't Everyone Doing It?
This paper chronicles fifty prospective elementary teachers who reflect on the meaning of scientific inquiry before,
during, and after their field placement experiences.

Presenter: Rebecca Reiff, Indiana University

Inquiry and Effective Science Instruction at the Middle Grades Level. A Collaboration between the College
of Education at UNC Charlotte and Gaston County Schools

The session is provides an overview of a project designed to implement the use of a Standards-based approach to
instruction (Inquiry) into middle grades science classes in Gaston County (NC) Schools.

Presenter: WarrenJ. DiBiase, University of North Carolina-Charlotte, Eugene P. Wagner, University of Pittsburgh,
Suzanne Riley, Gaston County Schools

3:20-4:20 p.m. Contributed Papers (60 min) Salon A

Teaching Conceptually: The I-A-A Model
Lessons learned from teaching fundamental exological concepts in concrete ways provide an alternative, dynamic
model for teaching conceptually in the classdroom as well as outdoors.

Presenters: Bruce Johnson, University of Arizona, Mike Mayer, University of Arizona & Tuscon Unified School
District

Shifting Teachers’ Thinking: Classroom Research in Integrating Science and Technology Design

This paper addresses the effects of requiring action research projects in the science education of elementary school
teachers participating in a professional development graduate program in education.

Presenter: Janice Koch, Hofstra University




3:20-4:20 p.m. Contributed Papers (60 min) Salon F

What’s New (if anything) in Cooperative Learning for Science Instruction?
What have we learned about cooperative learning over the past twenty years? This session will present ideas about
how we should use cooperative learning today.

Presenter: Scott B. Waison, East Carolina University

3:20-4:20 p.m. Contributed Papers (60 min) Salon G

Helping Middle School Science Students Relate to New Concepts Through Physical Modeling: A Bodily-
Kinesthetic Approach

Presentation of a teacher,s self-reflective research into using physical modeling, a bodily-kinesthetic instructional
technique, in middle school science education.

Presenter: Deborah S. D. Burke, Joseph Middle School

Structure and Agency in Science Class: The Story of a Student Emergent Curricu
We examine the extent to which a student-emergent science curricu allowed students to resist their disempowered
position and participate in science in less reproductive ways.

Presenter: Gale Seiler, University of Pennsylvania

Saturday Afternoon
Concurrent Sessions

S6
4:30 - 5:30 p.m.

4:30-5:30 p.m. Interactive Session (60 min) Dilworth

Using Moral and Ethical Issues in Science Teacher Education
This session will present a paper and offer an interactive format for participants to consider the use of socioscientific
issues in science teacher education.

Presenters: Dana L. Zeidler and Troy D. Sadler, University of South Florida

4:30-5:30 p.m. Interactive Session (60 min) ' Eastover

Effective Integration of Standards-Based Curricu Materials into Science Methods Classes
This session will illustrate an effective strategy for using curricu materials to challenge preservice students' ideas
about inquiry, content, and teaching.

Presenters: Janet Carson Powell and Sharmila Basu, BSCS

4:30-5:30 p.m. Contributed Papers (60 min) Elizabeth

Sisters in Sport Science: A Sport-Oriented Science and Mathematics Enrichment Program
Sisters in Sport Science is a comprehensive and gender-sensitive educational program, which uses sport as a vehicle
for teaching girls science and mathematics.

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

The Solar Decathlon: Enhancing Student Achievement and Motivation through Intercollegiate Competition
The Solar Decathlon is an intercollegiate program for students to design, build, and operate solar powered homes.
The competition rates the aesthetics and efficiency of these student-designed homes.

Presenter: Melissa DiGennaro King, George Mason University

4:30-5:30 p.m. Contributed Papers (60 min) Wendover

UTeach: Secondary Science & Mathematics Teacher Preparation Program

The presentation will describe an innovative secondary science and mathematics teacher preparation program at The
University of Texas at Austin. The UTeach program is a collaborative effort of the College of Education and the
College of Natural Sciences and the Austin Independent School District to recruit, prepare, and support the next
generation of science and math teachers for the state of Texas. The program integrates practical experience and
scholarly investigation, with early and on-going field experiences that capture the imagination of preservice teachers
and provide an foundation for their more advanced pedagogical courses.

Presenter: James P. Barufaldi, University of Texas
The Self-Related Understandings of Participants in an Advanced Degree Program in Science Education
This research uses document analysis and interviews to understand changes in the notion of “self” as expressed by

teachers participating in a long-term, distance graduate program.

Presenters: Elizabeth Hancock and Alejandro Gallard, Florida State University

4:30-5:30 p.m. Contributed Papers (60 min) Salon C

Building Confidence in Preservice Elementary Science Teachers: Two Professors Tackling the Same

Problem
Teaching confidence is examined in preservice elementary teachers in relationship to the development of science
conceptual understanding, understanding of constructivism, and reflective practice.

Presenters: Robert Bleicher and Joan Lindgren, Florida Atlantic University
Caring: A Characteristic of Expert Science Teaching
This paper contributes to the body of knowledge on the ethic of caring using the perspective of seven identified

proficient-to-expert science teachers.

Presenters: Meta Van Sickle, College and University of Charleston, Gary Varella, George Mason University

4:30-5:30 p.m. Contributed Papers (60 min) Salon B

Middle School Science Teachers’ Beliefs and Values Regarding the use of Probeware to Teach Science

Content
Findings of this study determined what factors influenced conceptual change in middle school science teachers’
pedagogical views and beliefs regarding the integration of probeware technology.

Presenter: David R. Wetzel, Bloomsberg University of Pennsylvania

Science Teacher Education in Electronic Technologies: Addressing our "Failure to Connect" in Many Senses
Science teacher education in the use of electronic technology often "fails to connect” (in Jane Healy's phrase) in
many different senses. Let's discuss approaches to the problem.
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Presenter: David Jackson, University of Georgia

4:30-5:30 p.m. Contributed Papers (60 min) Salon F

Teaching Interactive Science Lessons in a High School's Remediation Program: What Can We Learn In
Helping Students Pass a High Stakes Examination?

Preservice action researchers used interactive and hands-on approaches to teach science objectives from a high
stakes graduation exam to high school remedial science students.

Presenters: Charles J. Eick, Jeannine Ott Eubanks, Ashley Belcher, Rachel Aldridge, Auburn University
Using Environmental Assessments to Improve Teaching and Learning in High School Biology
This reseach project involved using a learning environment assessment with students to determine which factors in

the learning environment led to better scores on state administered tests, and better attitudes toward science.

Presenter: Cindy Hoffner Moss, Charlotte Mecklenburg Schools

4:30-5:30 p.m. Contributed Papers (60 min) Salon G

Problematizing a General Chemistry Classroom: Understanding Student Learning Orientation and Triarchic
Personal Motivation

This paper reports a study of students' beliefs and learning orientations to suggest possible explanations for surface
and deep learning during high school chemistry activities.
Presenter: M. Randall Spaid, Florida State University

Chemistry Students, Challenges in Using MBL’s in Science Laboratories
This case study examines students challenges in using MBLs as a learning tool in high school chemistry classes.

Presenter: Hakan Y. Ytar, Florida State University

4:30-5:30 p.m. Planning Meeting (60 min) Myers Park

AETS 2003 Planning Meeting
All AETS members are invited to attend this planning meeting for the 2002 AETS conference to

be held in St. Louis

Patricia Simmons, Chair, AETS 2003 International Conference Committee

7:30-9:30 p.m. WISE Dessert Function Salon D

All AETS members are invited to attend this Women in Science Education get-together.
(Tickets must be purchased prior to this event.) .
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Sunday Morning
8:00 am - 12:00 p.m.

AETS Board Meeting Salon A & B
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'TEACHING SCIENCE METHODS COURSES WITH WEB-ENHANCED
ACTIVITIES

Alec M. Bodzin, Lehigh University

Theoretical Background: Learning Science with the World Wide Web

Learning science in today's classroom does not have to be restricted to text-based
curricular resources. Websites present learners with a wide range of science activities in various
formats ranging from text-only information to providing authentic real-time data sets and
interactive simulations. Owston (1997) contended that the World Wide Web is likely to bring
new learning resources and opportunities into the classroom, provide teachers and students
access to more resources, and promote improved learning. Many Web-based curricular
resources have been developed for use in K-12 science classrooms. Some of these resources
have been described in the literature (Alloway et al., 1996; Beaujardiere et ;11., 1997; Berenfeld,
1994; Bodzin, 1997; Bodzin, 2001; Bodzin & Mamlok, 2000; Bodzin & Park, 1999; Cohen,
1997; Coulter & Walters, 1997; Feldman, Konold, & Coulter, 2000; Friedman, Baron, and

Addison, 1996; Gordin et al., 1996; Songer, 1996; Songer, 1998; Wallace & Kupperman, 1997).

The Web can encourage students to learn independently of a teacher. Materials can
provide prompts for students to examine evidence (data), compare different viewpoints on issues,
and analyze and synthesize existing data sets to formulate conclusions. The Web also allows for
the use of various instructional resource types to enhance student science learning. These
resources include:
¢ Scientific visualizations - These are rich representations that present scientific relationships

as visual patterns and provide data-intensive descriptions of phenomena.

e Simulations - Interactivities used to simulate and explore complex phenomena.
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¢ Virtual Reality - This technology enables a user to interact with and explore a spatial
environment through a computer.
e Animations or Video clips - Animations or video clips to illustrate science content, concepts,

Or processes.
o Still images - Still images to illustrate science content, concepts, or processes.

e Spreadsheets - Spreadsheets can be used in the instruction.

¢ Distributed information sources - Information sources are distributed among many sources

including real-time data, peers, mentors in many locations.

The Web offers many advantages over traditional text-based instruction for individuals to

learn science. These include:

1. Information is current - Many different kinds of science information can be found.
New scientific discoveries are made each day and the Web provides learners with access to

updated knowledge.

2. Access to data - Learners can access large amounts of current and archived scientific
data. Data exists from scientists' labs as well as from scientific tools in the field such as drifter
buoys in the ocean or seismic sensors placed in the earth. Learners can retrieve data from remote
geographical distances. Web-based data is different than data that is presented in curricular text
materials. Data can take the form of a digital image or a 360 degree panorama that can be

explored.

3. Access to scientific experts - Learners can use the Web to ask questions of scientific
experts. The Web enables authentic student collaboration with scientists using Web-based

discussions and group tasks.
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4. Motivation - Materials may be presented to learners in a motivating form. Examples

include the use of video and interactive simulations to engage learners in a task.

5. Communication - The Web can provide students with an authentic audience with

which to communicate.

6. Remote explorations - The Web provides a way for studeﬁts to explore rémote
geographic locations that they would otherwise not be able o view.

The Web can provide supports for learning processes that are infused with constructivist
principles. Constructivist conceptions of teaching and learning assign primary importance to the
way in which learners attempt to make sense of what they are learning (Krajcik et al., 1994). In
é Web-based environment, learning can be an active process where learners explore ideas,
compare and synthesize resources, and revise ideas. The Web may provide a context for
authentic learning by presenting learners with authentic real world tasks that require problem
solving and reasoning to achieve a collaborative goal (Bodzin, Cates, & Vollmer, 2001). Web-
based conferencing and the sharing of student-created work can provide learners the opportunity
to articulate their reasoning as they solve problems. Web-based activities can provide task
structuring that requires learners to think about their own learning as they solve problems and
seek out alternative explanations. Collaborative Web-based learning involves social interaction
and a sharing of collective knowledge in which the peer dialogue involves learners in the social
construction of knowledge.

Relevance to Science Teacher Education

Recent science and technology education reform initiatives (American Association for

the Advancement of Science, 1993; ISTE, 2000; NRC, 1996) emphasize incorporating

instructional technologies into classroom science curricular contexts and provide guidelines for



the preparation of science teachers. The World Wide Web is changing the way science
education content is being delivered in K-12 classrooms. The Web is accessible worldwide,
relatively easy to update (compared to traditional delivery systems such as textbooks and CD-
ROMs), and adds new capabilities almost daily. Teachers and students in science education
classrooms today can access many Websites that purport to provide "science education."
Websites present learners with a wide range of science content in various formats ranging from
text-only to authentic real-time data sets and interactive simulations. With the simplification of
Web-publishing software, one no longer needs to have strong technical skills to publish a
Website. Almost anyone--K-12 students, science educators, scientists, members of special
interest groups, and for-profit commercial enterprises--can become a content provider for a
science education site.

A variety of instructional practices can be used to integrate the Web in elementary and
secondary science methods courses. The Technology-Based Teacher Education program at
Lehigh University has designed and developed Web-based interactivities and instructional
systems to support learning science. These materials have been an intricate part of the science
education methods courses during the past two years. These Web-based interactivities are used
to model how visual instructional technologies can be used to address students' naive
concéptions of science, how science teachers can help students perceive knowledge as
constructed, provide students with an effective model to develob critical thinking skills, and meet
standards for inquiry-based teaching and learning.

Web-Enhanced Activities
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This demonstration session illustrated how Web-enhanced activities are used in the
elementary and secondary science methods courses at Lehigh University. The Web-enhanced

activities and related course resources are available online at:
e Science Education at Lehigh University: http://www.lehigh.edu/~amb4
e Science Education Courses at Lehigh University: http://www.lehigh.edu/~amb4/courses

e Web-based Inquiry for Learning Science manual and instrument:
http://www.lehigh.edu/~amb4/wbi/
Specific examples that were highlighted in the session included using data collection activities
located on the LEO EnviroSci Inquiry Website, Science-Technology-Society role playing
simulations, activities that allows students to develop skills in understanding location by
exploring a variety of unique geological formations using QuickTime Virtual Reality (QTVR)
panoramas and topographic maps, and virtual photojournals to explore watershed features and
societal issues. The use of the Web-based Inquiry for Learning Science (WBI) manual and
instrument in the science methods courses was also described. Below is a more detailed
description of the activities in the LEO EnviroSci Inquiry Website.
LEOQ EnviroSci Inquiry

LEO EnviroSci Inquiry (http://www.leo.lehigh.edu/envirosci/) is indexed into five
interconnected areas: Lehigh River Watershed Explorations, Environmental Issues, Geology,
Weather, and Data Collection Activities. Curricular activities actively engage learners in data
collection, analyzing data, working with Web-based Global Information Systems (GIS)
databases, and learning in interdisciplinary contexts. The Website enables classroom teachers to

implement science teaching strategies that incorporate Web-based and other technologies into
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the classroom. Curricular activities emphasize student-directed scientific discovery of their local
environment.
Lehigh River Watershed Explorations

The main goal of Lehigh River Watershed Explorations area
(http://www .leo.lehigh.edu/envirosci/watershed/curricular/) is to present science to K-12 learners
in a historical perspective by engaging them in a detailed study of the Lehigh River watershed.
This watershed has a very rich history that presents learners with a unique opportunity to observe
how the American industrial revolution has impacted a watershed over time. Stories are
presented in the History of the Lehigh Watershed section that enable learners to explore science
from a historical perspective and to observe how science and technology may impact society
over time.

The Lehigh River Watershed Photojournal provides learners with the opportunity to
virtually explore the Lehigh River watershed. The photojournal contains MPEG movie
watershed flybys that provide the learner with a graphical overview of the topography of the
area. GPS (Global Positioning) coordinates index the photojournal. In addition to digital images
of the area, the photojournal Web pages contain short MPEG video clips and QuickTime Virtual
Reality panoramas that allow learners to zoom in on specific physical features.

The Water Quality section contains background information and protocols that assist
learners using Vernier CBL (Calculator-Based Laboratory) units and graphing calculators to
collect water quality data. Data reporting forms are provided on the Website that enable learners
to submit collected data to the LEO water quality database. This data can then be compared to

other water quality data located on the Website. Web-based data links to the Lehigh River's
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USGS (US Geologic Survey) monitoring stations provide river flow data and real-time discharge
data.

The GIS (Geographical Information Systems) section contains a variety of interactive
maps of the Lehigh watershed. GIS mapping provides a spatial framework for analyzing
environmental data such as water quality data and relating it to the characteristics of the land
around it. Unlike static maps (such as the road maps you get at the gas station), GIS not only lets
you view a map, but also lets you query the map for information that is not displayed. Figure 1
is an example of a land use map from the watershed.

The River Explorations and Curricular Activities sections provide innovative inquiry-
based water quality and watershed studies activities developed by our research group and partner
organizations.

Environmental Issues

The Environmental Issues area (http://www.leo.lehigh.eduw/envirosci/enviroissue/)
contains links to Science-Technology-Society (STS) issues-based approach simulations
developed by our research group and partner organizations. These simulations provide learners
with the experience of learning science and technology in the context of human experience
involving real-life controversial issues. Engaging in an authentic issues makes environmental
science instruction current and part of the real world. In these simulations, learners investigate a
real-world controversial issue from different perspectives. After they complete their
investigation, a public forum or debate is conducted to determine the next course of action on the
issue. Classroom debates on STS issues offer learners a forum to think critically about the role
that science plays in societal issues. These simulations acknowledge the connection between

science and the decisions individuals make about social issues.



Weather

The Weather area (http://www.leo.lehigh.edu/envirosci/weather/) contains two distinct
curricular resources for learners to explore weather phenomena. The first resource, Phenomenal
Weather Explorations, is a series of guided Web-based Explorations of unique weather
phenomena designed for learners in grades 4-8. In these explorations, students learn the science
of hurricanes, tornadoes, lightning, and the Green House effect. The second resource, Bits of
Biomes, provides a learning environment that uses a guided inquiry-based approach for learners
to investigate characteristics of biomes including climatic differences, populations, and
ecosystems in terrestrial biomes. In Bits of Biomes, learners investigate the driving question:
"Do selected cities in our study really exhibit the characteristic climatic conditions of their
defined biome?" Learners work in groups to collect climatic data on selected cities that
characterize different biomes. They use spreadsheets to explore patterns in their climatic data.
Climatic data in different biomes are compared. The groups research characteristics of a
particular biome that includes people and culture, animal life (vertebrates and invertebrates),
plant life, and economic conditions. Each group contributes a section to a class "World Travel
Book." The "World Travel Book" can be a class Website, a hypermedia artifact, or a traditional
paper artifact. Throughout the implementation of the unit, students participate in hands-on
experiments that focus their learning on topics that include habitats, predator/prey relationships,

adaptations to environments, and food chains.

Geology

The Geology area (http://www.leo.lehigh.edu/envirosci/geology/) contains interactivities
for learners to use virtual reality in their science investigations. “Which Way Is North?” is an

activity that allows learners to develop skills in understanding location by exploring a variety of
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unique geological formations using QuickTime Virtual Reality (QTVR) panoramas and
topographic maps (Figure 2). “Dino Inquiry” allows learners to explore a variety of dinosaur
fossil bones from the Dinosaur National Monument quarry using panoramas and digital still
imagery. “Geologic Explorations” allows one to explore a variety of unique geological
formations through the use of QTVR.

Data Collection Activities

The Data Collection Activities area (http://www.leo.lehigh.edu/envirosci/data/) connects
learners to a variety of earth and environmental science data sets and collection activities
currently underway at LEO (Lehigh Earth Observatory). The LEO WeatherNet is an electronic
network of weather and water monitoring stations. Learners can access real-time and archived
weather data from weather and water monitoring stations near the Lehigh University Campus
and from lake monitoring stations on the Pocono Plateau. The LEO hydroprobe area contains a
database of water quality data taken from a hydroprobe located on the lower reaches of the
Lehigh River. The probe measures a variety of water quality parameters and is logged on an
hourly basis. Classroom learners use this data to examine temporal patterns of the health of the
river. The LEO Seismic Station area contains data from a broadband seismic station located on
South Mountain at Lehigh University. Data collected from the seismic station provides
information on active seismicity in northeastern Pennsylvania. This station is a part of the
Northeastern Regional Seismic Network, which monitors earthquake activity in the eastern U.S.
In addition to learning about earthquakes, learners can link to the GSN (Global Seismic
Network) maintained and operated jointly by IRIS (Incorporated Research Institutes in
Seismology) and the US Geological Survey. The Salamander Response to Climate Change

project (SRCC) focuses on the use of salamanders as a natural indicator of changes in



environmental conditions. Learners can access current research being conducted in Northeast
Pennsylvania at South Mountain, Hawk Mountain, and the Lacawac Sanctuary to examine
salamander activity in relation to environmental conditions. Environmental data, recorded on
data loggers in the field, can be compared with salamander activity levels to predict salamander

response to climate change.
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'HOW IS YOUR LAWNMOWER WORKING? UNDERSTANDING

SCIENTIFIC INQUIRY THROUGH METAPHORS
William S. Harwood, Indiana University

Rebecca R. Reiff, Indiana University

Teddie Phillipson, Indiana University

Metaphors are used as a typical way to negotiate and to describe our everyday
experience. In particular, metaphors provide an effective means to help visualize abstract ideas
(Davidson, 1976; Miller, 1979). Lakoff & Johnson (1980) indicate that metaphors are a key
mechanism for leai'ning in all disciplines, including science. Teachers commonly émploy
metaphors to engage students and to make abstract ideas appear more concrete. In this way,
metaphors are a component of the scaffolding teachers employ to aid in students’ construction of
new understanding.

Academic research scientists also use metaphors to make the abstract more concrete. In
response to interview questions addressing what their conception of scientific inquiry was, many
scientists used metaphors. Scientists’ metaphors about science serve to elucidate the
expectations scientists have regarding the nature of science and the process of doing scientific
inquiry. Ganguly (1995) noted that in order to make the abstract more concrete, “scientists
have often resorted to metaphors to build up their thought processes.” Similarly, Tobin and
Tippins (1996) found that metaphors help understand a new experience by forming creative links
between the known and the unknown.

Understanding Metaphors

We define metaphor using a four-item framework (Pugh, Hicks, Davis, & Venstra, 1992)

of: grounding, form, correspondence, and connotation. In their model, Pugh, et al. build on

Lakoff & Johnson’s (1980) model and describe grounding as the need for a metaphor to be based
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in a shared experience. Form relates to the commonality of imagery between the two concepts.
For example, in comparing the structure of the atom to the solar system, the form is an image of
objects orbiting around a center. Correspondences are the multiple points of comparison between
the two concepts within the form. The more correspondences, the more successful is the
metaphor. Finally, connotation addresses the extent to which a metaphor defines a particular
experience. That is, how much has the metaphor entered the culture?

Methodology

Interviews with 52 science faculty members at a large midwestern academic research
institution were conducted using a semi-structured interview protocol designed to probe the
subject’s conceptions of scientific inquiry (Harwood, Reiff, & Phillipson, accepted). A blended
grounded theory approach was employed. A purposive sample was utilized and data was
collected, analyzed, and coded in a systematic way. Emergent categories were verified and
tested through additional analysis. Patterns and connections between categories were revealed
and further analysis was conducted to verify that these were grounded in the data. Interviews
were tape-recorded and interviewers took field notes during the interview. Together, the
transcripts and field notes represent our data. The scientists interviewed were disbursed across
nine science departments (anthropology, biology, chemistry, geography, geology, medical
sciences, physics, applied health, and environmental affairs).

After conducting the interviews, we independently analyzed the science faculty
members’ responses to each of the eight interview questions. Potential metaphors were
identified. We compared our independent lists of metaphors and agreed on a consistent
understanding regarding how to classify items. The result was a list of metaphors and another list

of every day examples. We then independently read through the interviews a second time to
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double-check for a complete list of metaphors and to collect the metaphors into initial categories.
When a discrepancy between our individual categorizations occurred, the results were discussed
until a mutual agreement could be made (Tobin, 2000).

Metaphor and Analogy

The first key decision was to articulate for ourselves the difference between a metaphor to be
used in this research and an analogy. Analogies differ only by a slight degree from metaphors
(Duit, 1991). Duit provides the following distinction between metaphors and analogies:

An analogy explicitly compares the structures of two domains; it indicates identity

of parts and structures. A metaphor compares implicitly, highlighting features or

relational qualities that do not coincide in two domains.

This distinction served as a guide for us. We identified a number of instances when
scientists made explicit references to familiar items, but did not have the imaginative quality
required of a metaphor. Using Pugh’s definition of metaphor (1992), an analogy often is
grounded in common experience and has a form that relates two concepts. Unlike a metaphor,
however, there is‘no imaginative structure within the analogy. That is, there are no
correspondences that give a metaphor its shape and power. Analogies may, however, have a
connotation or context within the culture.

Metaphor and Every Day Life

Two categories that emerged from the data were the metaphor category and the every day
life category. It was important that we defined the boundaries of these categories clearly to keep
confusion at a minimum.

Quotes that were used to illustrate the process of scientific inquiry were classified under

the metaphor category. For example, a chemist provided the following quote in which he used
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the metaphor of a foreign language to illustrate the importance of having a large knowledge base
of facts to draw from in order to make meaningful connections.

...this ability to think abstractly about a problem is absolutely crucial. It’s also

crucial to have a lot of facts at your disposal...it’s very vaguely like learning a

foreign language. You have to learn syntax and grammar and that’s the thinking

abstractly part, how things were generally put together. But, also to learn a

foreign language you have to learn vocabulary. In science you must know a set of

a reasonably large number of facts.

Scientists sometimes used examples of how inquiry could be used in every day life
situations. As an example of how inquiry plays a role in a person’s every day business, a
medical science researcher gave the following response. These every day experience were not
classified as metaphors.

...teaching, interviewing, fixing a car, cooking, business. Let me put it this way, I

can’t think of many things that scientific inquiry doesn’t, one way or the other,

play a role in a person’s life. They are doing it but they don’t know it’s scientific

inquiry. They just ask the question, search for an answer, and then make

improvements next time. That is essentially what is happening in their thinking.

Results and Discussion

Eighteen of the 52 scientists interviewed used metaphors to elucidate aspects of the
process of scientific inquiry. At least one scientist from each department except environmental
affairs used at least one metaphor in their descriptions of scientific inquiry. We have no
explanation for the lack of environmental scientists or for the low percentage of physicists (20%)
and medical scientists (20%) who did not use metaphors to enhance descriptions of scientific
inquiry. All other departments had between 33% and 60% of scientists use metaphors when
referring to scientific inquiry.

The department with the highest percentage of metaphor use (60%) was the geology

department. Metaphors in the geology department related to “building blocks” or the use of

rocks to convey processes in scientific inquiry. This contrasts with other scientists, who tended




not to use metaphors that spring from their own disciplines. In this, perhaps, geologists have an
advantage over other disciplines such as molecular biology. Using rocks in the form of the
metaphor does provide a connotation that may not be available to other disciplines.

We found that the scientists we interviewed used metaphors to articulate aspects of their
conception of scientific inquiry. The metaphors provided powerful images to complement
descriptions of important aspects of scientific inquiry. Scientists used metaphors to describe the
process of connecting data, the importance of knowing how and when to use resources or tools,
the ability fo s.fz;ly focused on the process of an investigation, the relationship between problem
solving and scientific inquiry, and the necessity of enhancing scientific knowledge by adding
creativity and individuality to an investigation.

Often the metaphor used by a scientist filled multiple purposes and contained a rich set of
correspondences. They accomplished this by using metaphors grounded in everyday experiences
as the form within which to develop correspondences between a common or public
understanding of science and their own private understanding of the practice of scientists.

By describing scientific inquiry in metaphorical terms, these scientists presented an
understanding of how science is actually conducted that is not always evident in science
textbooks or in science classrooms. Ganguly makes a distinction between public and private
scienée that illustrates the lack of communication between how science is portrayed in the
classroom (public science) and the science that scientists practice (private science). Holton
(1973) explains that in the classroom, “factors such as emotional, aesthetic and social forces
intrinsic to scientific inquiry need to be referred to when delivering science lessons.” Science is

too often presented as a dry and passionless endeavor. This hides from public view the struggles
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and the imaginative process of science that reflects the way in which science is actually
practiced.

Misrepresenting how science is conducted can result in students developing conceptions
of science that are inconsistent with the actual practices of scientists. Students may think science
is dry, boring, and unimaginative based on experiences with textbooks and/or with science
classrooms (Moravcsik, 1981). Below we show scientists who use metaphor as a powerful
medium for describing the more iterative and engaged scientific process—a process with an
emotional commitment.

The Metaphors

Making Connections

In the interviews of 52 scientists, the ability to “make connections” between the data was
most frequently cited as the most important characteristic of doing scientific inquiry (Harwood,

et. al.). This skill in making connections involves analytical and critical thinking skills in order

- to see patterns and inconsistencies across the data. Scientists recognized the importance of

individual pieces of data but also how the data can be used to construct a larger picture.
A geologist uses the metaphor of “building bricks” to represent the significance of each
piece of data in the analysis of the larger set of data.
I think science has a very big building of bricks, not always a capstone.
Everybody puts their brick here and there and not all bricks are superior important
ones like a capstone or something but every brick counts.
Even data from separate investigations can be connected to enhance an understanding of a
scientific concept.

Another part of making connections to be able to focus on current investigations, but also

to have insights into implications of the study and further possibilities for research. A biologist
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compared this process to a chess game in that one needs to be able to “recognize the important
questions but be able to look ahead 5-6 moves.”

A chemist used the metaphor of learning a foreign language to describe the process of
connecting data and making sense of it. The words of a language do not make sense without the
context of sentences to give meaning to the words. This is similar to the data of an investigation.
In order for the data to make sense, the data must be connected to larger concepts and ideas of
the investigation. This gives the data meaning.

Geologists, naturally, tended to use the metaphor of rocks to bring meaning to concepts.
In one case, rocks were used in the image of creating a mosaic art piece. The artist had to decide
how the rocks would be placed and arranged on the picture. The important part is not to loose
track of the individual rocks. At first the artist might just have a pile of yellow, purple, and
brown rocks but how the rocks are placed together or connected will determine how the picture
will look.

The metaphor of scientific inquiry as building a mosaic artwork is related to the more
general metaphor of being able to “see the big picture.” Scientists valued the ability to see the
big picture as well as to focus on the details of an investigation. A geographer used the metaphor
of being able to see the forest through the trees as an essential characteristic of an investigator in
scientific inquiry. Scientists who are so focused on the details of an investigation (the trees) may
not be able to take a step back and see how the data are connected (the forest).

Being able to synthesize the big picture but also at the same time concentrate on

the details- not losing sight of the forest from the trees, but also looking at the tree
itself.
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This ability to make connections is an essential characteristic of conducting scientific
inquiry investigations. This skill requires the ability to synthesize large amounts of data and to
see the patterns that exist between the data so that the meaning can be given.

Utilizing Resources

Scientific inquiry investigations involve the use of resources or tools that will help bring
a study to a fruitful resolution of the investigator’s question (Harwood, et. al.). How a scientist
uses the available resources, then, impacts the results of the study. Thus, scientists need to be
skilled in selection of the appropriate tool for the investigation and must be able to use the tool in
a proficient manner.

A geographer stressed knowing how to use the tools in inquiry investigations using the
metaphor of teaching someone to fish. If someone wants to feed him/herself, one does not just
give that person the fish. To teach a person how to fish, you give them a rod or the tools
necessary to fish then assist them in developing skills and techniques in fishing. This is similar
to carrying out scientific inquiry investigations—the investigator must know how to conduct the
research and not just be focused on getting the fish or the “right answer.”

Several scientists mentioned the role of a tool bag in an inquiry investigation. Each tool
bag contains methods, instruments, questions, techniques, and it is up to the scientist to decide
which tool to use, and when, in an investigation.

...and then [ think the other thing that you need is a kind of tool bag...and you

gotta have a lot of different tools...because typically one tool isn’t going to get

you what you wanted.

Knowing how to make effective use of resources equips scientists to conduct successful
investigations. A chemist compared competency with the tools used in inquiry investigations

with the skills used in painting. A painter must know how to use the brush, the paints, and the
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canvass to construct a painting, just as a scientist must be proficient at using available tools to
enhance investigations.

Focusing on the Process

An important feature of inquiry investigations is staying focused on the process of an

investigation. Scientists who are primarily concerned with proving a hypothesis may overlook

“data in the rush to communicate findings to peers. An anthropologist described, “Inquiry is what
keeps you from jumping to conclusions.” The process of conducting an inquiry investigation
involves stages such as forming questions, reviewing the literature, articulating an expectation,
designing and conducting the study, interpreting and reflecting on the results, and
communicating the findings. By following these stages with the opportunity to repeat previous
stages better ensures that investigations are thorough and contain higher levels of internal
validity.

Staying focused on the process of an investigation also means that the investigator can be
more open to discoveries or to data that is contradictory to what was expected. Being open-
minded or flexible in an investigation is an important characteristic of an investigator (Harwood,
et al.). As a physicist explains,

It’s like an artist. An artist does not know the answer. An artist in the process of

creating something lets the process lead them to whatever they are doing. They

experiment and that’s kind of what you do in science.

Scientific investigations do not progress in a linear way where one step invariably

leads to the next. Scientists may not know which stage will come next in an

investigation and so, must be open to the process in the same way an artist is open
to their muse.



Problem-solving

Some scientists related scientific inquiry to solving problems in their everyday lives.
People can approach and solve problems in ways similar to the way scientists solve scientific
problems. Some scientists compared the process of scientific inquiry to farming or gardening.

Farmers do that today in determination of when to plant, what to utilize in the

fields. They use the available evidence of what they’re told and they fit that in

with their experience and what their father or their grandfather did...

If further studies are needed, the farmer or gardener may repeat any of the stages mentioned
earlier and redesign the experiment using different controls.

Let’s say somebody is a gardener. Maybe they tried growing tomatoes in

different locations or different amounts of sun or the soggy part of the garden as

opposed to the dry part of the garden.

The farmer can then decide to communicate the findings to his peers (farmers) or to the
community. Scientific inquiry results in enhancing understanding of problems and in coming up
with solutions to these problems.

A common metaphor for problem solving strategies is one we call “the lawnmower
metaphor.” The Lawnmower metaphor refers to a set of metaphors that take the form of
repairing a complex machine. The metaphor is used to describe the systematic process that
scientists use as part of the problem solving strategy within an inquiry. This metaphor also
contains within it the need of scientists to use failure to inform the progress of their inquiry. For
instance, one might fill the engine with gas. If the problem continues, they may try changing the
filter. If changing the filter does not solve the problem, they then may change the oil, and so

forth. This process also moves from simple solutions to more complicated solutions — another

commonly identified characteristic of the nature of science.

86



The Lawnmower metaphor and related forms also can be used to demonstrate that
science is not deterministic. That is, the notion that the result of an experiment is not strictly
“right” or “wrong”. This is a common student conception of science that arises from their
experience in the classroom or in a school laboratory (Ganguly, 1995). On the contrary,
practicing scientists use the results of experiments for guiding their overall inquiry.

Putting yourself in your work

Conducting science does not involve following a list of procedures that results in an
answer. Scientists described doing science as a much more creative endeavor where they design
methods and look at data in many different ways. Thus, to contribute beyond what is already
known entails putting a little of yourself into your work. Otherwise, you ‘avlvre just doing what
someone else has done and are not adding to the scientific knowledge base.

A medical scientist compared coming up with something new in science to cooking. Just
following a recipe as in cooking does not lead to a new concoction. Adding a spice here and
there or adding more to the recipe can create a recipe unlike the original. Scientific progress can
result from trying out different variations.

Scientific inquiry is also an active process where stages are repeated, data analyzed, and
communicated with others. An anthropologist compared doing scientific inquiry to playing a
cello.

Yo, Yo Ma, who is a cello player, says that interpretation is not passive. It’s not

just playing the notes as they are written; it’s putting something of your own,

yourself there.

Scientific inquiry was also compared to the act of writing poetry. The construction and

selection of styles of poems is similar to the process of designing and choosing methods to form
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4and shape a study. Writing poetry and designing a study are creative endeavors that involve the
self in producing a unique creative work within a structural frame.

Thus, teaching students to memorize steps to follow in an investigation or to constantly
verify results of others leaves little room for the creative side of science. The alternative is to
have students continue to think that science is an unemotional, detached, and uninvolved activity
where results are known and nothing out of the ordinary ever happens. A scientist from applied
health -described the importance of involving yourself in your work and not in merely reciting
facts found in a science textbook or in scientific journals or books.

That was a big realization for me—you don’t actually just learn the book and spit

it back; it’s like you are making the book.

Conclusion

When it comes to atoms, language can only be used as in poetry. The poet, too, is

not so concerned with describing facts as with creating images’ (Niels Bohr,

quoted in Mashhadi, 1997).

The metaphors commonly used by scientists to articulate aspects of their conception of
scientific inquiry fell into five categories: making connections, utilizing resources, focusing on
the process, problem solving, and putting yourself in your work. Specific metaphors such as
lawnmower repair, painting, musical performance, cooking, and the tool bag elucidate the
process of scientific inquiry and the characteristics of good science.

These metaphors help us to understand that the community of scientists values certain
conceptual approaches and experiences. Knowing this, teachers of science can choose activities
that reinforce these perspectives and develop the skills most valued by active research scientists.
The use of metaphors helps to describe scientific inquiry in such a way that relates scientific

practices with experiences which people are familiar. Students can begin to see themselves in
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their everyday life using scientific inquiry in fixing a car or gathering evidence to make an
informed decision.
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FORMATIVE USE OF SELECT-AND-FILL-IN CONCEPT MAPS IN
ONLINE INSTRUCTION: IMPLICATIONS FOR STUDENTS OF
DIFFERENT LEARNING STYLES

Charles W. Kaminski, University of Massachusetts Lowell

With the establishment of the Internet and World Wide Web (WWW) as part of
the digital revolution, there has been, globally, a trend in which synchronous and
asynchronous distance education opportunities have been made available to a gréater
variety of learners. The flexibility and freedom from time and attendance requirements
afforded by online instruction is one of the greatest appeals for many learners. One
consequence of this, however, 1s students indiscﬁmiﬁately pursuing online learning
opportunities for the sake of convenience without consideration of the appropriateness of
online instruction for their individual learning behaviors and characteristics (Diaz &
Cartnal, 1999). Educational institutions, in an attempt to develop highly-enrolled,
successful, profitable distance learning programs, are, then, accepting these students with
a similar lack of discrimination. Most institutions do not perform an assessment of
incoming distance education students to determine their appropriateness as online
learners (James & Gardner, 1995). For those that do, most often the assessment is
designed to serve only as a guide, with no formal admittance or denial policy attached to
the results. This has resulted in many online courses and programs enrolling students for
whom the online learning environment is less than ideal (Diaz & Cartnal, 1999),
challenging teachers, administrators, technologists, and students to see that online
instruction meets its potential.

The digital revolution has brought about societal change as well. It has become

evident that the rate at which things change, and the unpredictability of such change, 1s
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greater than ever. Living in such a dynamic culture, citizens today must, more than ever,
be able to take information from various sources and make sense of it in order to function
in society. In pafticular, given the rate of change of cultural knowledge and norms, it is
necessary that citizens have the basic skills to solve the unforeseeable probiems that will
occur as a result of such dynamic changes.

In light of the convergence of the challenges described above, it is important that
educators develop and investigate teaching and learning strategies that will appeal to a
broad variety of online learners. Select-and-fill-in (SAFI) concept maps may provide
such a strategy.

The Study

Research Question

This study attempted to answer the question: How do students of different
learning styles respond to online instruction in which SAFI maps are utilized?

Purpose of Study

The purpose of the research was to investigate the formative use of SAFI maps in
online instruction and the effects their use may have on students’ responses to questions
in which they are required to apply knowledge contained in the maps. In particular, the
interaction between such use and the four learning styles described by David Kolb’s
learning style model (Kolb, 1984) was considered through the development of four,
illustrative cases, with the intent of identifying those styles that may be best suited to
SAFI map use given their cognitive, metacognitive, and affective responses to the SAFI

maps.
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Theoretical Framework

Knowledge Application

The most commonly used framework through which studies on application of
knowledge have been carried out is that proposed by Bloom in his seminal work,
Taxonomy of Educational Objectives (Bloom, Englehart, Furst, Hill, & Krathwol, 1956).
In Bloom’s taxonomy, educational objectives are organized in a hierarchical fashion
based on learner behaviors, each level requiring skills attained in the previous level in the
taxonomy. Two classes of behavior, knowledge and comprehension, represent the
prerequisites to application of knowledge in an attempt to solve a problem. For correct
application of knowledge to occur, it is necessary that learners master the knowledge
class of the domain, requiring that they have the ability to remember and recognize
appropriate ideas, content, and phenomena.

Once a leamer has successfully met knowledge objectives, the next class of
behaviors, those requiring comprehension, must be mastered. Successful comprehension
requires behaviors of translation, interpretation, and extrapolation of information based
on understanding, and abstraction, of the literal message found within the communication
of the content knowledge being learned. Only when these two behaviors can be
successfully completed and demonstrated will a learner be able to take the knowledge
learned and apply it to a unique situation without being prompted as to the appropriate
abstraction necessary to complete a task or solve a given problem. Within the framework
presented by Bloom, successful application of knowledge assumes comprehension and

abstraction of knowledge has occurred.



Constructivism

~

In the years since the publication of Bloom’s taxonomy, educational practice has
embraced a constructivist epistemology as a referent for teaching and learning (Tobin &
Tippins, 1993). The constructivist approach to instruction is designed around the notion
that individual learners take experiences and build mental structures as representations or
theories of the information contained in the experience. Like Bloom, constructivists
believe that the learning process begins with acquisition of information. As more is
learned, more effective ways of structuring experience are developed by the learner,
resulting in a more complex cognitive structure that is equivalent to progress through
Bloom’s taxonomy. This, in turn, leads to knowledge that can be more generally applied
to any problems onto which the same structures can be imposed. It is assumed, then, that
learners can apply, through generalization across situations exhibiting patterns of shared
elements and similarities, the theories contained in their mental structures to similar
" situations to complete tasks and solve problems.

Concept Mapping

From a constructivist perspective, instruction must be designed to provide
individual learners with opportunities to make the connections between the new
information and his or her existing cognitive structure (Ausubel, 1968; Novak & Gowin,
1984; Shavelson, Lang, & Lewin, 1993). Representation of an individual’s cognitive
structure is often communicated by the use of the concept map, a tool developed at
Cornell University by Joseph Novak and colleagues while looking at changing cognitive

structures in science students (Novak & Gowin, 1984; Novak, 1996).
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There has been a great deal of research done on the use of concept maps for
teaching and learning purposes. A review of the literature shows that concept maps have
been found to be useful in other aspects of teaching and learning as well. Ruiz-Primo,
Shavelson, and Schultz (1997) provide an extensive list of concept map components and
options as they relate to use in the classroom. Used as pre-instruction advance organizers,
study aids, and, most commonly, as assessment tools, concept maps, may play a valuable
| role in the classroom (Cliburn, 1990; Novak & Gowin, 1984; Novak, 1996;. Ruiz-Primo
et al., 1997; Willerman & MacHarg, 1991).

For online educators, technological considerations make dynamic interactivity
and construction of online graphic organizers a difficult, technically complex process.
However, inexpensive, commercial software is available that allows the user to create
maps and export them to the WWW as a static image embedded in an hypertext markup
language document. With this facility, an alternate, less-investigated form of concept-
map based assessment, the use of SAFI, maps, may be of value.

This process of using SAFI maps, as described by Schau and Mattern (1997),
begins with an expert-created map. Then, while maintaining the integrity of the map,
some of the elements of the map are eliminated. Students are then asked to fill in the
missing concepts or links by choosing them from a list of terms provided, with or without
distractors (Schau & Mattern, 1997). Feedback is then provided to the students based on
the number of correct responses provided.

Learning Styles

The implications of available technologies are not the only obstacles to

successful, instructionally sound distance education. In addition to the technical
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challenges of providing instruction online, distance educators must also consider the
individual learner characteristics, including learning style, of their students. Learning
style is of great importance in online instruction because instruction is most often
conceptualized and designed well before it actually occurs, resulting in formative
assessment of online practice lacking the flexibility and spontaneity of that in the
classroom. Therefore, it is necessary that a variety of instructional strategies be used at
the design phase such that the learning styles of all students enrolled may be
complimented proactively.

Research on distance education and learning styles has been focused primarily on
the relationship between learning style profile and student outcomes such as drop and
completion rates, attitudes towards the learning process, and predictors of high-risk
students (Diaz & Cartnall, 1999). There are many models of learning styles, each
considering the cognitive, perceptual, or affective dimensions of students that explain
why different students prefer learning in different manners. One of the most.common
models for learning style used in distance learning research is that developed by David
Kolb (Diaz & Cartnall, 1999). Kolb’s Learning Styles Inventory (LSI) instrument
identifies students as having one of four styles: the converger, the diverger, the
assimilator, and the accommodator. Figure 1 includes the dominant learning style

preferences of the cases from the study within the framework of Kolb’s model.
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Concrete Experience

ACCOMMODATOR DIVERGER
Michelle Victoria
Active ‘ ‘ Reflective
Experimentation Observation
CONVERGER ASSIMILATOR
Phyllis Isabelle

Abstract Conceptualization
- Figure 1. Case subjects within Kolb’s learning style quadrants.

Given the isolated nature of online coursework, learners that require concrete
experiences and are not successful at thinking abstractly have been shown to be at high-
risk in distance learning environments (Dille & Mezack, 1991). These are, in Kolb’s
model, the diverger and the assimilator. Special consideration, then, must be given to
online student learning styles. The opportunities extended by distance education cannot
be taken advantage of if, during implementation, they replicate the problems found in
traditional classrooms.

Formative Evaluation

Formative practice is that which explicitly or implicitly has the function of
providing information in the form of feedback from which teacher and student will be
able to make an informed decision with the goal of changing behavior and improving
performance (Gipps, 1994; Harlen & James, 1997; Stiggins, 1991; Wiliam & Black

1996). In online instruction, communications, containing instructions to students, student
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responses, and instructor feedback, can then be facilitated via e-mail or a WWW-based
messaging system.

The connected, structured understanding of the information within a domain, as
represented in a completed SAFI map, relates directly to the hierarchical nature of
Bloom’s taxonomy. Application of knowledge possesses a reliance on- knowledge and
comprehension, though no single piece of knowledge within a discipline exists in
isolation. A more complex, integrated, and connected understanding of the structure of
concepts within a discipline, then, should increase the likelihood of an individual
successfully applying knowledge as attempts at abstraction are enhanced by the
relationships, and their subtleties, between concepts.

Therefore, use of SAFI maps, when used formatively, should improve a learner’s
ability to apply knowledge by providing an accepted structure to the concepts within a
domain, while indicating nuances in the relationships between these concepts that are
fundamental to correct, appropriate application of the knowledge reflected in the
information contained in the map. When designed carefully and deliberately, they should
provide online learners with opportunities to build upon and refine their conceptual
understanding, leading to improved ability in applying information contained in the
concepts and their relationships. This may be facilitated without advanced or complex
technologies that often distract online instructors and students from the intended roles of,
respectively, teachers and learners.

Despite the volume of literature on the use of concept maps in teaching and
learning, there is little on the relationship between learning style and concept maps in the

classroom. Though it has been found that successful concept mappers tend to exhibit an
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internal locus of control (Zeitz & Anderson-Inman, 1993), prefer learning through
thought a_nd reflection (Schreiber & Abegg, 1991), and have a preference for identifying
the relationships between variables (Okebukola & Jegede, l1989), a defining relationship
between leamiﬁg style and concept mapping has not been identified. Furthermore, there
is a paucity in the literature discussing research into the relationship between learning
style and, in particular, use of SAFI maps.

The Research Design

Sample

The sample for the study was students that enrolled and participated, through a
public, two-year community college, in an asynchronous, online environmental studies
course. Technologically, the course is facilitated through a course web site, readable
through any standard web-browsing soﬁwaré and a rich, intranet-based email system.

Design and Methodology

The research was an emergent design, collective case study in which several
cases, sharing a dominant learning style, were to be described and presented as a single
entity or case (Stake, 1995). However, distribution of participant cases among the four
learning styles was not even. Upon receipt and validation of signed consent forms and
evaluation of returned LSI-3s, nine subjects for the study were identified. Of these nine,
five were assimilators, two were convergers, and the remaining two comprised of one
accommodator and one diverger. Data were analyzed, therefore, using collective cases for
assimilators and convergers, and individual cases for the accommodator and the diverger,

as shown in Figure 1.
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The study was carried out over a nine-week period, comprising one abbreviated
summer session containing fourteen instructional units. This period, for the purposes of
the study, was broken into two phases. Table 1 contains the data collected and the study-

related activities occurring during each phase of the research.

Table 1

Phases of research with corresponding activities and data collection

PHASE ACTIVITIES DATA COLLECTED
I ¢ Prospective participants completed and L Leaming Style
returned LSI-3 and consent form -
11 ¢ Participants completed SAFI maps IL. SAFI map
and correlating quiz achievement
items(Appendix A) scores
e Participants completed Post-SAFI L. Quizitem
Survey (Appendix B) achievement
¢ Participants completed Post-SAFI scores
Questionnaire (Appendix C) IV.  Responses to
Post-SAFI Survey
V. Transcriptions of
email exchanges
regarding
feedback on SAFI
task .
VL Responses to
Post-SAFI
Questionnaire

Data Analysis

The general strategy of analysis of the data for this study was i)attem-matching
(Tellis, 1997; Trochim, 1989; Yin, 1994). Under this strategy, c_lata collected was sorted
and coded for each individual student case. Upon completion of each individual
participant case, cases for each learning style were grouped and cross-compared,

matching patterns of participant attitude and achievement around the SAFI map tasks
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found in the data. The product of this was the creation of a learning style-based case
representative of the individual cases. Figure 1 identifies the four cases and their
dominant learning style in Kolb’s model. Once the four learning style-based cases were
established, these four were then cross-compared in an attempt to answer the research
question and to identify cognitive, metacognitive, or affective responses to the SAFI
tasks.

Cross-Case Analysis

For the purposes of this analysis, cognitive response is evident in SAFT task
achievement, quiz item achievement, and successful knowledge application. These tasks
can be found in Appendix A. Also, verbatim use of SAFI elements in application is
indicative of SAFI map elements being instrumental in student construction of
knoWledge as these elements are directly integrated into the students’ cognitive structure,
indicating a cognitive response to the process of completing the SAFI tasks..-

Metacognitive and affective responses are evident in student responses to the
Post-SAFI Survey (Appendix B) and Questionnaire (Appendix C) as well as data from
student email transcriptions. Individual, independent indications of student cognitive,
metacognitive and affective responses to the SAFI tasks were an integral part of this
analysis.

- In Kolb’s model, the assimilator and the coverger lie on the abstract end of the
concrete-abstract continuum that is part of his learning cycle (Kolb, 1984). However, the
preference for working with abstract concepts was not reflected immediately in initial
SAFI task achievement, with Isabelle and Phyllis, the assimilator and the converger,

having difficulty with the first SAFI task. Victoria and Michelle, the diverger and the



accommodator, were more successful at completing the maps and abstracting, from text,

- the concepts and their relationships such that their SAFI item responses accurately

reflected the subject matter. Table 2 contains SAFI map achievement data for the cases.

Table 2.
SAFI Achievement Data
SAFI -1 SAFI -2 SAFI-3 SAFI-4
CASE Number | Incorrect | Number | Incorrect | Number | Incorrect | Number | Incorrect
Correct Items Correct Items Correct Items Correct Items
ISABELLE - ASSIMILATOR o
Case 1 8 1,6,8,10 12 NA 9 911,12 12 NA
Case 2 10 1,9 12 NA 12 NA 12 NA
Case 3 12 NA 12 NA 12 NA 12 NA
1,2,3,5,6,
Case 4 3 710,11,1 12 NA 5 5,6,8,9,1 12 NA
) 0,11,12
Case S 10 2,10 12 NA 7 3’6’192’10’ 12 NA
. MICHELLE - ACCOMMODATOR : ,
Michelle | 12 | NA | 12 | NA [ 12 [ NA 12 NA
, "VICTORIA -DIVERGER = . - .
Victoria | 10 | 1,00 [ 12 | NA [ 12 | NA 12 NA
PHYLLIS - CONVERGER
1,2,3,4,5,

Case 1 4 71112 12 NA 12 NA 12 NA
Case 2 7 1’2’151’10’ 12 NA 12 NA 10 2,10

Number Correct = number of items answered correctly out of 12 items
Incorrect Items = specific items answered incorrectly
NA = Not Applicable

Between the first SAFI task and the corresponding quiz, all four cases completed

the Post-SAFI Survey (Appendix B), which was designed to give an early sense of the

metacognitive and affective impact SAFI map use may have on students. All agreed that
the exercise was helpful and made them think about their own thinking. However,
Isabelle and Phyllis, the more abstract-inclined assimilator and the converger,

acknowledged that the SAFI task made them feel more anxious about the upcoming quiz.



Similarly, Isabelle and Phyllis disagreed and strongly disagreed, respectively, with the
statement expressing that the SAFI task was enjoyable.

Michelle and Victoria, the accommodator and the diverger cases, found the SAFI
task enjoyable, though neither of them found that the SAFT task showed them where they
had misunderstandings or misconceptions. Similarly, Michelle and Victoria did not find
the exercise to be a waste of time and felt that completing the SAFI exercise may have
increased their confidence towards the upcoming quiz.

Results from the Post-SAFI Survey yielded insight into the metacognitive and
affective differences between the more abstract and more concrete of Kolb’s learning
styles. The more concrete-oriented accommodator and diverger were more open to the

task and found them enjoyable, but the metacognitive activity and awareness required to

‘connect the task to overall learning and performance was not explicit for them. This is

reflected in the lack of anxiety and admitted confidence surrounding the impending quiz.
It is possible that the abstract representation of concepté and relationships reflected in the
SAFI map did not have the cognitive and metacognitive value that it would to the learner
with a greater affinity to.wards the abstract.

On the other hand, the more abstract learning styles, though not finding the task
enjoyable, had made the connection between the map content and structure to the subject
matter such that the anxiety and confidence towards appropriately abstracting from the
SAFI map and understanding the relationships expressed in the map may have been a
more conscious concern. This metacognitive activity and awareness is reflected in
Isabelle’s comments that “It was difficult until I stopped overanalyzing.” and “I like

quick answers and you did have to really contemplate the meanings of the terms and how
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~ they could be interpreted.”. Unsolicited comments suggesting a metacognitive role for the
SAFI task were not received from either Michelle or Victoria.

Following completion of the Post-SAFI Survey, students completed the four SAFI
tasks and corresponding quiz items through the second from final unit of the course.
Table 3 includes Quiz Item Achievement data for single and collective cases. Upon
completion of all of these, students completed the Post-SAFI Questionnaire (Appendix
C). The questionnaire was designed to assess participant attitudes, and possible changes
in these attitudes, towards the relationships between the SAFI map task, the participants’
interaction with the map and content, and his or her leaming and perceptions of learning
after having completed SAFI maps throughout the course.

Table 3

Quiz item achievement data

CASE QuIZ 1 QUIZ 2 QUIZ 3 QUIZ 4
Total | Item I App. | Total | tem | App. | Total [ Item | App. | Total ] Item | App.
ISABELLE - ASSIMILATOR
Casel | 90 20 |71 75 10 3 100 [ 20 1 100 | 20 1
Case2 | 100 | 20 2 100 | 20 1 100 | 20 2 100 | 20 1
Case3 | 100 [ 20 2 90 10 4 90 20 1 85 10 4
Case 4 90 20 1 100 | 20 2 100 | 20 2 95 15 1
Case 5 80 | NA | NA | 75 10 4 100 [ 20 1 90 10 3
MICHELLE - ACCOMMODATOR
Michelle | 85 | 20 [ 1 [ 100 [ 20 [ 2 J1w0 ] 20 [ 1 [ 90 | 10 ] 2
VICTORIA - DIVERGER
Victoria | 90 [ 10 | 4 [ 90 [ 10 [ 3 J1o ] 20 ] 1 [ o5 [ 15 ] 1
PHYLLIS - CONVERGER
Case 1 100 [ 20 2 100 | 20 2 100 | 20 2 95 15 4
Case 2 80 10 | 2/4 | 90 10 2 80 20 2 75 | NA | NA

NA = Not Applicable or Not Answered
Total Points Earned = total points earned out of 100 possible points
Item Points Earmed = total points earned out of 20 possible points
Application: = successful application using SAFI elements

2 = successful application not using SAFI elements

3 = unsuccessful application using SAFI elements

4 = unsuccessful application not using SAFI elements
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Isabelle - Assimilator

Isabelle, in answering the Post-SAFI Questionnaire items, indicated strongly that
she believed that the SAFI tasks helped her learn and prepare for the quizzes, writing, “I
had to read all of the chapter very carefully to find the answers and in doing so I
memorized many things.” This metacognitive impact of the SAFI maps is evident in her
recognizing what she called “the raw understanding” represented in the structure of the
maps. Isabelle recognized that the SAFI maps could provide her with a framework for
conceptual organization that she could use as a basis for her own cognitive structure as
well.

Isabelle also reported that the SAFI map tasks improved her confidence in that
they honed her “ability to recognize important elements”. This is a fundamental
prerequisite to successful knowledge applicétion in Bloom’s model. Despite Isabelle’s
positive metacognitive response to the SAFI tasks, achievement, reflecting a cognitive
response, was not consistent throughout the course. Isabelle’s ability to accufately apply
her knowledge was often incomplete and did not use, with any regularity, elements taken
from the SAFI map.

When asked if she enjoyed the SAFI tasks themselves, Isabelle was consistent
with her response to the post-SAFI survey administered seven weeks earlier in Which.she
reported that, though she didn’t find the SAFI maps enjoyable, she did feel that they were
helpful. Upon completion of all of the course SAFI tasks, she replied that, given a choice
of doing them or not, she “would 100 percent do them”, acknowledging, though, that
“This exercise was a challenge for me, one that I received much satisfaction from when I

was successful at completing”. This indication of a positive affective response to the
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SAFI maps would be expected given the preference for working in the abstract, focusing
on the activities of reflective observation and abstract conceptualization, indicative of the

assimilator.

Phyllis - Converger

Phyllis’ answers to the Post-SAFI Questionnaire continued to reflect the

ambivalence towards the SAFI tasks expressed in her answers to the Post-SAFI Survey

~ seven weeks earlier. Phyllis’ answers to the Questionnaire items intended to probe the

metacognitive response from SAFI map use were minimal, indicating that Phyllis didn’t
use the structure reflected in the completed SAFI in.a conscious comparison to her own
existing cognitive structure. Though she agreed that the SAFI maps were helpful in
assisting her in “connecting specific points of a chapter”, there was no evidence
supporting that the maps had a cognitive effect on her ability to apply the knowledge
contained in them. Throughout the course Phyllis did not use, in her quiz answers,
elements or relationships preseﬁted in the SAFI map. Instead, Phyllis’ comments suggest
a need fo connect “points of a chapter” rather than the relationships between concepts
presented in the chapter. This emphasis on the practical, indicative of the converger, may
have influence overwhelming any potential cognitive or metacognitive response to.the
SAFI maps. This practicality regarding the SAFT tasks is also reflected in Phyllis’
comments regarding the maps being helpful “because the work is broken down”, that
“there was not a lot of other stuff getting in the way”, and that, over time, *“it came easier
to do them”.

Any affective response from Phyllis was seated in her evolving ability to

successfully complete the maps and not an expressed, innate interest, enthusiasm, or
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satisfaction towards their completion. For Phyllis, the maps were simply a task to be
completed and forgotten, with no capacity or function to serve as a cognitive or
metacognitive tool. Assigning this function to the SAFI tasks, Phyllis duly replied “no

preference” when asked if she would complete the tasks if given the choice.

Michelle - Accommodator

Despite getting all of the items correct on her first attempt for all four SAFI maps,
Michelle, throughout the course, showed a change in her attitude towards the tasks. In the
initial Post-SAFI Survey, Michelle expressed feelings that, though she did not find the
SAFI tasks enjoyable, she did feel that the maps were hot confusing, were helpful, and
had a positive effect on her sense of quiz preparation, confidence, and anxiety.

Michelle’s responses to the Post-SAFI Questionnaire items were inconsistent with
her initial response to the SAFI tasks. At the end of the course, she felt that the SAFI
exercises did not help her learn better, that they were “just time consuming”, and that she
“did not use them for review at all”. These sentiments were galvanized by Michelle’s
responses to the last two items on the questionnaire, where she confirmed that she
“disliked” doing the SAFI maps and that, given the choice, she would choose not to do
them.

Michelle’s final response to the SAFI tasks is consistent with Kolb’s (1984)
model. In his learning cycle, the accommodator prefers learning through active
experimentation and concrete experience, not the reflective observation or abstract
conceptualization that are also components of his learning cycle and necessary for

completion of the SAFT tasks.
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Given this polarity, it stands that the accommodator’s response to the SAFI maps
would be nonexistent or negative. Michelle’s cognitive, metacognitive, and affective
responses to SAFI map use were negative in that it directly conflicted with her dominant
learning style. Despite the fact that she was proficient and successful in completing the
maps, she did not enjoy doing them. This dislike for the maps would fnake metacognitive -
growth a challenge in that the explicit recognition of the abstract structures reflected in
the map would be, by nature, unpleasant for the accommodator.

Michelle’s ability towards completing the SAFI tasks may indicate a cognitive
affinity, but this does not necessarily indicate a cognitive response towards the tasks
themselves. Rather, it may represent the fact that Michelle may have approached the map
tasks with a thorough, accurate knowledge structure in place. Subsequently, it is possible
that Michelle’s success with the SAFI tasks may be attributed to the existence of a more
solid understanding of the structure and relationships between concepts before attempting

the tasks rather than a structure being developed as a result of the task.

Victoria - Diverger

Victoria, the other concrete-oriented learning style, had a more positive response
to the SAFI maps. Upon completion of the final SAFI map, Victoria completed the Post-
SAFI Questionnaire. Her feedback regarding the maps was consistent with her responses
to the Post-SAFI Survey.

Victoria’s cognitive response may be reflected in her gradual inclusion of SAFI
elements into her answers to the corresponding quiz items. She felt that the exercises
helped because “It put things in order and you could easily follow the different subjects

and understand it better.”. As Victoria worked on the SAFI map tasks, she was able to
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compare what was reflected in the map with her own understanding, indicating that “they
helped me see the relationships between parts better”. Also, Victoria expresses in her
responses to one of the questionnaire items that “if I could do most of the map without
the help of the book I felt like I knew the material well”.

Victoria’s metacognitive response to the SAFI maps may have precipitated this
cognitive response. Her awareness regarding the structure of the map assisting her in
better developing her own understanding would increase the likelihood that her cognitive
structure more closely resemble the structure reflected by the completed map. As this
occurred, Victoria would have extracted elements of the SAFI map, integrated them into
her own cognitive structure, and explicitly used these relationships while applying the
knowledge on the corresponding quiz items.

Kolb’s model supports the evidence observed in Victoria’s actions and behaviors.
Unlike the accommodator, the diverger, though lying on the concrete end of the abstract-
concrete continuum, prefers reflective observation over active experimentation. Victoria
stated “It was sometimes like a puzzle and I liked trying to solve them”. The diverger
prefers looking for meaning, a key activity in SAFI map completion. This would explain
why Victoria claimed to have “loved” doing the exercises and became more successful at
completing them as the course progressed. This success created a positive affective
response to the tasks.

Table 4 presents a summary of the results stemming from the analysis of the

evidence present in the data collected during this study.

Table 4
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Summary of learner responses to SAFI map use

RESPONSE TO SAFI TASKS

DOMINANT LEARNING

STYLE (Case) Cognitive Metacognitive Affective
Assimilator (Isabelle) NA + +
Diverger (Victoria) + + +
Accommodator (Michelle) NA - -
Converger (Phyllis) NA - +

+ evidence supports positive response to SAFT tasks
- evidence supports negative response to SAFI tasks
NA no consistent evidence

Discussion

Significance of Findings

This research study was designed to answer the question How do students of
different learning styles respond to online instruction in which SAFI maps are utilized?
The results of this study imply that the formative use of SAFI maps in online instruction
may generate cognitive, metacognitive and affective responses from learners with
different dominant learning styles as defined using Kolb’s experiential learning model.

Kolb’s model asserts learning style as occurring along two axes, one representing
a concrete-abstract continuum and the other aﬁ active-reflective continuum. Previous
research (Diaz & Cartnall, 1999; Dille & Mezack, 1991; Gee, 1990; Lee, 2000; Ross &
Schultz, 1999; Shih, Ingbritsen, Pleasants, Flickinger & Bréwn, 1998) suggests that
learners with an affinity for the abstract showed greater success in distance leaning
contexts. Similarly, research on learner characteristics suggests that abstract learners also
demonstrate greater success with tasks requiring use of concept maps (Oughton & Reed,

1999; Reed & Oughton, 1998; Schreiber & Abegg, 1991).
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Evidence collected in this study suggests a different relationship between learning
style and the use of online SAF I maps. In response to the use of the SAFI maps, the
learners preferring reflective activities (Kolb’s assimilator and diverger), not abstract
conceptualization (Kolb’s accommodator and converger), were more likely to
demonstrate positive responses to the tasks. However, there is a lack of research on
interaction between cognitive, metacognitive and affective domains, learning style, and
SAFI map use. Therefore, implications drawn from the analysis reflect consistency with
theoretical constructs rather than previous research.

Cognitive response, as indicated by progressive success in SAFI completion,
knowledge application, and precise, verbatim use of SAFI elements in application, was
evident only in the diverger. Given the concrete, reflective nature of the diverger, this is
inconsistent with previous research (Schreiber & Abegg, 1991; Oughton & Reed, 1999)
indicating an affinity for abstract learning in individuals for whom interactions with
concept maps are a positive cogniﬁve experience.

Under Bloom’s taxonomy (Bloom et al., 1954), one requirement for successful
knowledge application is careful consideration and identification of key pieces of
knowledge or abstractions within the given context. Given the tendency for the diverger
to consider a situation from multiple perspectives and to use unconventional solutions
(Kolb, 1999), it would stand that it would be less likely for the diverger to use elements
from a provided structure that represents a conventional, accepted conceptual construct.
This, however, was not the case. Evidence suggests that Victoria, the diverger in the
study, readily integrated SAFI elements into her cognitive structure and then used the

knowledge contained in this structure, in application.
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Cognitive response to the SAFI exercises was not noted with the remaining cases.
There was inconsistent evidence suggesting that a cognitive response occurred as a result
~ of SAFI map use. Subsequently, the study was inconclusive regarding identifying a
cognitive response to online, formative, SAFI map use that, in turn, influenced
construction of knowledge and subsequent knowledge application.

The significance of the results from this study may lie in the evidence indicating
metacognitive and affective responses to the SAFI tasks. Previous research. has indicated
that concept map construction may have a positive effect on student attitude and feelings
towards a discipline and the coursework and tasks within that discipline. (Jegede,
Alaiyemola, & Okebukola, 1990; Novak, 1990; Okebukola, 1992; Okebukola & Jegede,
1989; Roth, 1994). Schau and Mattern (1997) report that students are much more willing
to complete SAFI maps over other forms of concept maps, with many students finding
the tasks enjoyable. Findings from this study are consistent, with only the accommodator
reporting that she did not enjoy completing the SAFI tasks.

Research also indicates that concept map construction may serve as a valuable
metacognitive tool, generating confidence of knowing the subject matter in the learner
and therefore reducing learner anxiety towards the subject (Jegede et al., 1990; Novak,
1990; Okebukola & Jegede, 1989; Roth, 1994). Previous research related to concept map
use and affective and metacognitive reactions does not address individual learning styles
and involves learners constructing maps themselves, not working from a provided
structure. Nonetheless, for each of the four dominant learning styles represented in

Kolb’s model, evidence suggests that the affective and metacognitive responses to SAFI



tasks, though not as expected, are consistent with theory and previous research and lends
insight into answering the research question.

Victoria, the diverger, exhibited positive metacognitive and affective responses to
the SAFI maps. Evidence also suggests that this was the case with Isabelle, the
assimilator. Both of these learning style types lie on the reflective end of the active-
reflective axis of Kolb’s model, indicating that it may be preference for reflection upon
learning, rather than abstract conceptualization of ideas, that explains the nature of their
responses to the SAFT tasks. The “looking for meaning” (Kolb, 1999, p. 4) preferred by
the reflective leamner is the primary cognitive activity associated with completing the
SAFI maps.

Phyllis, the converger, sharing with the assimilator an affinity towards working
with abstract concepts, demonstrated a positive affective response to the SAFT tasks.
Howevgr, evidence suggested a negative metacognitive response. This is consistent with
the preference for using logical analysis typical of the abstract learner. As Phyllis is
working on the SAFI task, she is carefully analyzing the relationships between concepts.
This need for logical analysis is met during the SAFI task, resulting in a positive affective
response to the task. However, the converger also prefers using real-world, practical
experience in his or her learning. This is not part of the task of SAFI map completion and
may explain Phyllis’ negative metacognitive reaction to the tasks. Phyllis, as a converger,
would prefer to consider her own thinking within a real-world context, not the abstract
representation of the world reflected in a SAFI map. Subsequently, it may be that, though
Phyllis enjoyed the activity of the tasks, they did not serve as useful tools she could

employ to lend insight into her own thinking.
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Michelle, the accommodator, demonstrated negative metacognitive and affective
responses to the SAFI task use. It would not be expected that the accommodator,
preferring to learn by experience, would use SAFI maps as metacognitive tools given the
abstract nature of their representations. Michelle would rather have thought about her
own thinking and understanding within a real-world context, not the artificial
representation of the SAFI map. Th¢ fundamental opposition between the preferred, real-
world context of the accommodator and the abstract representations of a SAFI map
resulted in a negative affective response.

These results suggest that use of online SAFI maps, when used formatively, may

play a particularly valuable role in generating positive responses in online learners that

- prefer to reflect and look for meaning over those that have an affinity for intellectually

analyzing abstract ideas and their inter-relationships. It may be that the value of
completing online SAFTI tasks lies in the process of contemplating and making meaning
of the relationships between concepts in the map, not in the product of a cognitive

structure specifically reflecting the structure of concepts as they are represented in the

.completed map.

The study indicates a more consistent metacognitive and affective response across
all cases. Given the nature of the SAFI tasks themselves, the cases representing more
reflective learning styles should, by definition, prefer the activities required to complete
the SAFI tasks. Evidence in the data collected supports this relationship in that the
metacognitive and affective responses are the product of speciﬁc learning style
preferences. The active experimentation preferred by learners at the active/experimental

end of the active-reflective continuum of Kolb’s model is not part of a SAFI task. This
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may explain the lack of evidence indicating any consistent, positive response to the tasks
in these learners.

There is a scarcity of evidence suggesting a cognitive response, as indicated by
achievement in knowledge application, in all of the cases. The lack of a readily definable
cognitive response may be indicative of the value of process over product inherent td the
SAFI tasks. The emphasis on the process of reflection may increase the likelihood of an
affective or metacognitive, rather than a cognitive, response to use of the SAFI tasks. A
cognitive response, the product of abstract conceptualization and development of a
cognitive structure resulting from the successful completion of the SAFI map, would be
evident in application of knowledge more directly including or reflecting SAFI elements.
This was not the case. It may be that students were not using the completed SAFI maps as
a reference for building their own cognitive structure. Rather, they were using the SAFI
tasks as a mechanism to reflect and consciously consider relationships between concepts
contained in the map. Within this process, the students then were building their own,
unique cognitive structure that did not necessarily reflect that which was presented in the
completed SAFI map.

Limitations of Study

Though attempts at maintaining quality of design and purpose for the study were
made, limitations were inherent to the design. Given the situated, evaluative nature of the
proposed study, credibility may be in question due to what Mertens (1998) describes as
progressive subjectivity. The blind-nature identification of the cases until after course
completion was designed to counter this effect, though the possibility of an evolving

subjectivity in the researcher existed. The researcher kept a journal of thought as the
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research proceeded. This was read and reflected on during the data analysis as a measure
by which evolving subjectivity or bias could be identified and checked during the
analysis. Despite these precautions, subjectivity could exist within the presentation of
cases and data analysis.

As with all case study research, the greatest limitations to the study involved
generalizability. Participants were not randomly assigned to the group and were, through
their enrollment choice and willingness to participate, a self-selecting sample of online-
learners. It should be noted that the generalization to be derived from case study research
is, according to Yin (1998), not a statistical but an aﬁalytic generalization. Within this
analytic generalization, cases are used to illustrate or present a theory which, though
context specific, will resonate with a large cross-section of readers (Stake, 1995).

The use of multiple cases for each learning style making up the learning style case
was implemented to strengthen the analytic generalizations through replication and .
shared corroborative evidence. However, given the idiosyncratic nature of student
behaviors and attitudes, the collective nature of the cases often presented an obstacle to
objective analysis. As representative evidence was selected from individual cases for
presentation within each collective case, the researcher had to choose which individual
case best represented the larger trends and patterns that emerged from the coded data.
Therefore, some data regarding individual student cases may have been excluded from
the final data collection and analysis. The necessity to make such choices may have
undermined the chances for greater objectivity of the data analysis.

With regard to the research results, the lack of evidence suggesting a cognitive response

to SAFI map use poses a limitation inherent to the research design. A more quantitative
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analysis of a greater number of student responses in comparison to SAFI content would
have strengthened the research design and increased the likelihood of identifying a
cognitive response.
Summary
This study investigated the responses to the use of formative SAFI maps in online
students of different dominant learning styles. Because of the qualitative, case study

design, the ability to generalize from the study to the larger .population is limited.

However, given the evidence suggesting a positive relationship between the response to

SAFI map use and reflective learning styles, it is not unreasonable to anticipate that data
collected from future research will lend additional insights into the relationships between
learning style and SAFI map use. |

Though the findings in this study did not indicate a cognitive relationship between
SAFI map use and learning style, the metacognitive and affective responses observed in
the cases éuggest that online SAFI map use may be a valuable tool for teaching and
learning. The existing body of research on distance learning indicates that abstract
learners typically fare better in online learning .contexts. However, evidence from this
study suggests that there is a particular value of online SAFI map use for reflective
learners. Therefore, SAFI map use may play an inclusive role when incorporated into
online instruction by appealing to a reflective, rather than abstract, learning style,
providing expanded access to educational opportunities to a larger segment of the

population.
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APPENDICES

Appendix A - SAFI Maps and Quiz Items

‘The following four SAFI maps, with items to be correctly selected and filled in
acknowledged were used formatively in the study. Following each is the quiz item
requiring application of content contained in each completed map.

I. SAFI Map and Corresponding Quiz Item 1 — Environmental Ethics

Environmental Ethics
Perspectives
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Quiz Item. Identify which ethical perspective can best be used to describe or explain each scenario.

Explain your thinking as to why you chose this perspective.

A. A small parcel of land in the Amazon rainforest of Brazil contains a species of small flowering plant
that has, for many years, been used by native populations for its reputed medicinal properties. The land
is threatened by logging, and the plant in question is known to have only a small range of distribution.
Environmental activists make efforts to legally protect the biologically diverse land from logging
activities.

B. There are plans to reintroduce the red wolf into an area where it has locally been hunted to extinction.
However, livestock herders are protesting the plans, claiming that the animals will hunt and kill their
flocks. The wolves prey on small game such as rabbits, deer and wild goats, weeding out the old,
injured or sick individuals and keeping natural populations of these animals, which are often found
grazing alongside shepherd’s stock, healthy. Wildlife biologists work with the local farmers to explain
the ecology of the wolves, educating them on how the wolves and local herding activities do not have
to be competitive but instead can co-exit harmoniously.
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II. SAFI Map and Corresponding Quiz Item 2 — Ecological Succession
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Quiz Item. In 1980, Mount St. Helens erupted in Washington State, spewing over three cubic kilometers of
ash out of its crater in the process. The ash fell, creating a thick blanket that wiped out all living things in

the area immediately around the volcano. Describe, in a few short sentences, the ecological succession that
you would expect to occur after this blast. Also, is this a primary or secondary succession?

0



III.

SAFI Map and Corresponding Quiz Item 3 — The Hydrologic Cycle

THE HYDROLOGIC
CYCLE \
includes
describes
is driven by transpiration
—— s
3) | Involves : N
groundwater - "y 1) solar occurs in
R ~TN involves . e gnergy
N, - P k
/ E]yolves '\ i causes oul
found in P 10) involves © ) plants
R \,__creates - eﬂanufanﬂn e
[§ almoaspheric q,_,,fwﬂvj : e i
" water —— T L
. e creates release water as
aquifers p \ —— . ;
4 Y becomes ___ e g
§) in the form of N e .
{ surface water §-—____ T watervapor
- 12) may be _ : .
clouds , / b 7) oceahs 1&
9) recharges | ybe . j
" / ‘ - | "
¢
produce //’{ k lakes contain /
3 / 5) formed by 7
L ; n i
precipitation ¥ melting 97% of i
: 4 inciudes Earth's water //
s snow ) 7
Includes -
Y / e .
. ,1"’ 7
2) raln [~ 11) compacts to 8) sublimates to
. form form
freezestoform s T
-.\ /.»""
'~ # . e
< //"‘
{ee -

Quiz Item. Describe the typical path a water molecule might follow through the hydrologic cycle from the
ocean to land and back again, being sure to address residence time. Then, predict the path in the hydrologic
cycle for the same molecule if global climate were to cool significantly. Feel free to be creative, but your
prediction much make logical, scientifically-accurate sense.

O

ERIC

Aruitoxt provided by Eic:

123



O

ERIC

Aruitoxt provided by Eic:

IV.  SAFI Map and Corresponding Quiz Item 4 — Theories of Over-Population
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Quiz Item. Imagine that, through some miraculous technological advance, resources on the planet became

infinite and made available to everyone equally. Predict what effect would this would have on global
populations based on both Marx’s and Malthus’ theories of overpopulation.



Appendix B - Post-SAFI Survey

You have just completed a SAFI map exercise on ethical principles. Below are ten
statements about this exercise. Please rate, using the numeric scale below, the extent to
which you agree with the statement. Thank you.

1 - Strongly Agree

2 - Agree

3 - Disagree

4 - Strongly Disagree
1. Completing the SAFI map exercise was helpful.
2. Completing the SAFI map exercise made me feel more anxious about the upcoming
quiz.
Completing the SAFI map exercise helped me review in preparation for the quiz.
Completing the SAFI map exercise clarified things that were unclear to me.

Completing the SAFI map exercise was a waste of time.

Completing the SAFI map exercise was enjoyable.

N o v s W

Completing the SAFI map exercise made me feel more confident about taking the
upcoming quiz.

8. Completing the SAFI map exercise confused me.

9. Completing the SAFI map exercise showed me where I had misunderstandings or
misconceptions.

10. Completing the SAFI map exercise made me think about my own thinking.




Appendix C - Post-SAFI Questionnaire

Throughout this semester, you have been completing SAFI map exercises on a
variety of topics. Please answer the following questions regarding the exercises. Be as
honest, open, and specific as possible in response to these questions. You have my -
guarantee that in no way will your responses to any of these items impact your grade or
status in the course. Thank you.

1. Do you think that the SAFI map exercises helped you learn better? Why or why not?

2. Did you find that the SAFI map exercises were helpful to you when reviewing things
covered in the course? Why or why not? (

3. Do you think that completing these SAFI map exercises helped you do better on your
weekly quizzes? Why or why not?

4. Did these exercises make you feel more or less confident about how well you knew
the material? Why or why not?

5. Would you say you generally liked or disliked doing the SAFI map exercises?

6. If you were given a choice of doing or not doing the SAFI exercises, would you

choose to do them?



TEACHER EXPLANATIONS FOR DISCOURSE VARIATIONS IN
ELEMENTARY SCIENCE METHODS
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Teacher Explanations for Discourse Variations in Elementary Science Methods

The development of a scientifically literate society is dependent oﬁ effective
communication. Accordingly, the Benchmarks for Science Literacy (the Benchmarks)
(American Association fqr the Advancement of Science [AAAS], 1993), which defines science
literacy goals for United States students K-12, contains an entire section on communication
skills. One of the skills described in the Benchmarks is that “students should be able to
participate in group discussions on scientific topics by restating or summarizing accurately what
others have said, asking for clarifications or elaboration, and expressing alternative positions” (p.
297). The ability of students to achieve this goal is dependent on a teacher’s ability to
incorporate such opportunities into lessons. Moreover, the National Science Education
Standards (National Research Council [NRC], 1996, 2000) state the importance of learning to
teach through inquiry. As part of learning through inquiry, teachers need the experience of
“proposing answers, explanations, and predictions; and communicating the results” (NRC, 1996,
p. 23), often accomplished via classroom discourse. Additionally, classroom discourse is
necessary for teachers to determine what the students understand and misunderstand, what they
are thinking, and what they are learning (NRC, 2000).

The nature and the function of the discourse can determine the extent to which classroom
discussion is inquiry-based, which is a critical characteristic of science education (NRC, 1996,

2000). “The discussion leader must find a way to teach that is neither too dominant nor too



reserved” (Brookfield & Preskill, 1999, p. 194). Teachers need to demonstrate how to challenge,
clarify, and elaborate ideas; yet, they need to “allow the children to take more control of what is
said, when it is said, and how it is said” (Bloom, 2000, p. 90). For this to occur, teachers need to
help students understand the nature and functions of classroom talk (Bloom)

We believe that a teacher preparation program must therefore model and teach how to
facilitate high quality classroom discussion. To do so, science methods instructors must
examine, understand, and explain their own roles, intents, and actions during classroom
discussions. Thus, one of the first steps in improving our preparation of teachers’ skills in
leading discussions is to understand and explain science classroom discourse as it occurs in
science teacher education courses.

Literature Review

The study of discourse is often framed within a sociocultural approach to learning, which
claims that individual thinking is situated in cultural, historical, and institutional contexts
(Wertsch & Toma, 1995). Studying language involves understanding not only the words, but
also the intentions of those engaged in the dialogue. According to Bakhtin (1981), “Language is
not a neutral medium that passes freely and easily into‘the private property of the speaker’s
inteﬁtions; it is populated—overpopulated—with the intentions of others” (p. 294).

Lotman (1988), a semiotician, has argued that functional dualism is characteristic of all
texts (including utterances, written words, and nonverbal texts such as costumes). In Lotman’s
view, texts have both univocal and dialogic functions, where the univocal focuses on conveying
meaning and the dialogic on generating meaning. Wertsch and Toma (1995) apply this notion of
textual dualism to the analysis of classroom discourse.

It is reasonable to expect that when the dialogic function is
dominant in classroom discourse, pupils will treat their utterances



and those of others as thinking devices. Instead of accepting them
as information to be received, encoded, and stored, they will take
an active stance toward them by questioning and extending them,
by incorporating them into their own external and internal
utterances, and so forth. When the univocal function is dominant,
the opposite can reasonably be expected to be the case. (p. 171)

Nystrand (1997), in thinking specifically about classroom discussion, illustrated how
functional dualism occurs through two types of discussion, dialogic and monologic, which
require different epistemic roles for students. Dialogic discussions contain statements that
“respond to previous utterances at the same time they anticipate future responses” (p. 8). Such
discourse is “structured by tension...as one voice ‘refracts’ another” (p.8). Bakhtin (in Todorov,
1984) required the dialogical semantic relationship to be structured by “two verbal works, two
utterances, in juxtaposition” (pp. 60-61). The utterances express the author and the respondents
and thus establish multivoiced discourse.

In contrast, during monologic discussions, teachers “‘prescript’ both the questions they
ask and the answers they accept, as well as the order in which they ask the questions” (Nystrand,
1997, p. 12). Teachers often thwart dialogue by evaluating student answers instead of
responding to ideas. Lemke (1990) and others have referred to this discourse genre as Triadic
Dialogue or QAE (question, answer, evaluation). In Bakhtinian terms, “there is no second voice
alongside that of the author” (in Todorov, p. 63); others’ utterances are framed within the voice
of the original author creating a singular context and a singular semantic orientation.

In efforts to apply these theoretical frameworks, science educators have studied multiple
aspects of classroom discourse. These include conceptual understanding as expressed in
discourse, types of discourse in science classes, the nature of argument, and the influence of

teacher knowledge on discourse. The studies have examined elementary, secondary, and

collegiate classrooms, and have found, regardless of the level, that opportunities for discourse in
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the science classroom are limited. For example, researchers have studied student conceptual
understanding in the context of classroom discourse at the elementary (Varelas & Pineda, 1999),
middle (Varelas, 1996), and high school levels (van Zee & Minstrell, 1997). Others have
focused on the nature of teacher questions and response strategies (e.g., Tobin, 1984; van Zee &
Minstrell, 1997). However, these studies virtually ignored the types of discourse present in
science classrooms and the roles and intents of the teacher.

Other researchers have tried to delineate the types of discourse that occur in science
classrooms. Lemke’s landmark study (1990) demonstrated teachers’ over reliance on the
monologic in science clasérooms, by documenting a preponderance of Triadic Dialogue. Gee
(1997) identified types of science talk—Desi gnipg, Discovering, and Explaining—that occurred
in a second grade classroom. Both Lemke and Gee argue for making science language a more
explicit part of classroom practice. Kelly and Chen (1999) extended this argument by
examining oral and written texts in high school physics. They. demonstrated that student use of
scientific language was related to the context of the clas;sroom—'both the social practices that had
been established and the nature of the discourse activity.

Another line of research in the discourse literature has examined the nature of argument
in science classrooms. Driver, Newton, and Osborne (2000), among others, posited that
argument is central to science education. Researchers have examined both students’ abilities to
engage in argument and the opportunities they are provided to do so. Sorsby (1999) found that
elementary students can argue orally to clarify, reconcile, and persuade. Bloom (2000)
confirmed this in a study of middle level students’ argumentation about density. In a study of
high school genetics (Jiménez-Aleixandre, Bugallo Rodriguez, & Duschl, 2000), students did

develop arguments during a problem solving task, using more claims than justifications or



warrants. In an examination of student and teacher questioning, van Zee, Iwasyk, Kurose,
Simpson, and Wild (2001) asserted that student questions occur more frequently when
specifically elicited during the discussion, when a KWHL chart is éonstructed as part of the
discussion, during brainstorming experiences, and during guided closure. Student generated
inquiry discussions can be elicited by assigning facilitator roles to the students and explicitly
describing the desired discourse to the students (van Zee et al., 2001). Unfortunately, such
opportunities for argument in science classrooms are often limited (Newton, Driver, & Osborne,
1999).

A number of studies have examined the ways in which teacher knowledge and classroom
discourse influence opportunities for learning science. Carlsen (1992, 1993) found that a
teacher’s subject matter knowledge affects the types of discourse that occur in high school
biology classrooms, with less knowledgeable teachers more apt to limit opportunities for
dialogue. In biology and chemistry classrooms, Carlsen (1997) again documented that teacher
subject matter knowledge was a factor in shaping the argument patterns that occurred.
Cunningham (1997) demonstrated that teachers’ sociological understanding of science influences
how they “structure their classrooms to convey messages to their pupils about students’ abilities
to do science and the sources of scientific information” (p. 24). For example, in a study of a high
school chemistry teacher (Moje, 1995, 1997), the social norms the teacher built communicated
that science is precise and authoritative, with only specific styles of discourse allowed.

Crawford, Chen, and Kelly (1997), in the context of a high school physics course, found that
students appeared to know less and were less willing to offer explanations to what they perceived

as a knowledgeable audience (teachers) versus a less knowledgeable audience (fifth graders).
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Thus it becomes clear that teachers have high levels of control over the types of discourse that
occur in science classes.

Science education researchers have also documented the functional dualism of discourse
in science classrooms. Mortimer (1998) examined the oral discourse in a high school science
class in the context of discussing models of matter. He found that the alternation of what he
called authoritative (Lotman’s univocal) and persuasive (Lotman’s dialogic) was an important
feature of classroom talk. In a microanalysis of a high séhool discussion about density,
Mortimér and Machado (2000) claimed that this alternation allowed students to “move
successively from ignore fo perceive, negate, admit, and compensate for a disturbance” (p. 438).
Scott (1999) also found a dialectic relationship between authoritative and dialogic functions in
high school science discourse related to chemical reactions. Scott regarded the
authoritative/dialogic functions as two dimensions along a continuum of classroom discourse,
believing that “individual student learning in the classroom will be enhanced through achieving
some kind of balance between presenting information and allowing opportunities for exploration
of ideas” (p. 14). However, he provided no guidelines for what the proper balance should be.

The science education research literature on classroom discourse is thus rich and varied.
Most of it, however, has been undertaken within the context of high schbol science. If we want
to help build a culture of dialogue in science teaching, we also need to understand discourse in .
the context of teacher education. Few studies of discourse have been conducted in
undergraduate science teacher preparation programs. Koballa (1984, 1985) examined student
persuasive communication in science courses for preservice elementary teachers and its

influence on attitude changes toward energy conservation. Van Zee (2000) analyzed student-
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student interaction during a science discussion in an elementary science methods course. She
determined that practices of teacher quietness and distributed authority fostered inquiry.

While these studies looked at discourse function, they did not examine the
monologic/dialogic nature of the discourse per se. Furthermore, they focused only on discourse
related to science content. The necessity for our research stems from the void in the literature
regarding discourse in an undergraduate teacher education setting, from both the perspective of
the types of discourse that occur and the inteﬁtions of the instructor in guiding the discourse.
Additionally, the need exists for the study of discourse in both the contexts of science and
pedagogy instruction.

Research Design

This study was theoretically framed by a constructivist perspective (Schwandt, 2000).
Our research was guided by the relativistic ontological assumption that realities are multiple,
constructed, and holistic (Lincoln & Guba, 1985). Reality is a socially and experientially
constructed entity and its form and content depend on those who hold the construction (Lincoln
& Guba, 2000; Schwandt, 2000). Within the constructivist framework exists an epistemological
belief that the inquirer and the object of inquiry are interactively linked, influence one another,
and become inseparable (Lincoln & Guba, 1985, 2000). Additionally, the methodological
perspective of a constructivist paradigm is that inquiry is herrﬁeneutical and dialectical.
Investigators and participants participate in dialogue among themselves and with the data to
develop “more informed and sophisticated reconstructions” (Lincoln & Guba, 2000, p. 170),
interpreted using hermeneutic techniques. Because “understanding is always interpretation and
hence, interpretation is an explicit form of understanding” (Gadamer, 1994, p. 307), varying

constructions were compared, contrasted, and eventually understood through a dialectical
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interchange. The final rendering, “one interpretation among multiple interpretations of a shared
or individual reality” (Charmaz, 2000, p. 523), includes the etic construction of the investigators
informed by the emic constructions of the participants and is more sophisticated than any
antecedent constructions.

In accordance with the constructivist theoretical framework, we utilized an interpretive
research design (Denzin & Lincoln, 2000). The design permitted flexibility “to allow for
discoveries of new and unexpected empirical materials and growing sophistication” (Denzin &
Lincoln, p. 368). An important aspect of our interpretive research design was self-study.

The two major purposes of teacher self-study deal with “refining, refomﬁng, and
rearticulating” education (Cole & Knowles, 1996, p. 1). The first purpose of self-study is
personal professional development. Self-study of this nature aims at improving pedagogical
practices. The second purpose of self-study is to enhance understanding of teacher practices,
processes, and contexts. This foﬁn of self-study aims to advance knowledge about teaching and
its settings. Obviously, the two purposes are not mutually exclusive, although, typically, one
predominates. At a minimum, self-study requires “taking an inquiry stance towards our
practice” (Raphael, 1999, p. 49). This requires developing teaching methods, practices, and
curriculum, then implementing them, followed by studying them.

Paulsen and Feldman (1995) advocated using self-study to address the challenge of
improving college level teaching. They concentrated on the need for faculty members to
improve instruction by studying themselves and discovering how they “interact with their own
environment” (Paulsen & Feldman, p. 9). Moreover, Paulsen and Feldman claimed, “the best
source of informative feedback available to most instructors is themselves” (p. 9). Consequently,

the advancement of university teaching requires self-study.
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The self-study aspect of our design allowed for a strong emic perspective and an
“insider’s” individual interpretation of the research. In addition to standing alone, the emic
perspective interweaved with the perspectives of the other members of the research team. The
final constructions of our individual and shared realities were strengthened by the emic -
perspective gained from self-study.

Research Questions

As part of a teacher-as-researcher project and in an effort to better understand her own
teaching style and efficacy, Hubbard undertook an informal self-study of her teaching during an
elementary science methods class. From this initial study, she established that she used
discussion techniques differently when teaching science content as compared with teaching
pedagogical topics. To better define and understand these differences, Newman and Abell joined
Hubbard in a formal study of her teaching practices in the elementary science methods course.
We undertook a systematic inquiry of classroom discourse to examine the following research
questions: How does classroom discourse in an elementary science methods course differ
between teaching pedagogy and teaching science content? To what extent are pedagogy and
science content taught dialogically and/or monologically in the undergraduate elementary
science teaching methods course? How does the instructor account for such differences? The
focus of this paper is on the final research question.

Research Setting and Participants

The elementary science methods course in the study is built on a reflection orientation
(Abell & Bryan, 1997) that provides opportunities for students to build theories of science
teaching and learning as they: (a) observe others teach, (b) reflect on their own teaching, (c) read

expert theories, and (d) examine their own science learning. Students engage in both science
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content explorations and pedagogy activities in the class. We chose this setting because it was
the course that Hubbard studied informally, and we previously have examined several different
aspects of science teacher preparation in this course (Abell & Bryan, 1997; Abell, Bryan, &
Anderson 1998; Abell, Martini, & George, 2001; Abell & Smith, 1994). The course section in
this study was somewhat unusual in that it occurred as an intensive 8-week program during the
summer with only 12 students, 9 females and 3 males. All of the students had just completed
their third year in the teacher education program.

Role of the Researchers

Hubbard, the course instructor, taught elementary and middle school science for five
years and had taught the methods class the previous two semesters. In additidn to teaching the
course, Hubbard participated in formal and informal interviews during the study.

Newman served a peripheral membership role in the course taught by Hubbard. In a
peripheral membership role, researchers feel “an insider’s perspective is vital to forming an

accurate appraisal of human group life, so they observe and interact closely enough with

~members to establish an insider’s identity without participating in those activities constituting the

core of group membership” (Adler & Adler, 1998, p. 85). Newman taught high school science
for 10 years and during that time regularly aided elementary teachers with science instruction.
Moreover, he spent one year as supervisor of science for a suburban school district and has
taught several teacher education and science courses at the university level. Newman regularly
attended class, closely observed activities, took field notes, and interviewed participants without
engaging in course activities. As the project progressed, Newman maintained the stance of
empathic neutrality (Patton, 1990) so as to have minimum influence on the classroom functions.

All three researchers participated in data analysis and writing.
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Data Collection Technigues

We used a variety of data collection techniques in this study, including peripheral
membership observation, interviewing, videotaping, audiotaping, and collection of documents.

Pen'pheral Membership Observation

Newman visited the classroom for six of the eight weeks the class met. The other two
weeks, the students participated in field experience and met to prepare lessons. When Newman
was in the classroom, he observed the class and took field notes that contained, but were not
limited to, descﬁptions of the environment, participants, activities, researcher’s feelings,
interpretations, and reflections.

IntervieWs

Weekly informal discussions were used to ascertain the teacher’s plans and goals
regarding science and pedagogy instruction, specifically with reference to the use of discourse.
Weekly follow-up discussions addressed the teacher’s feelings and attitudes about the completed
lessons. After each observed class meeting, Newman interviewed Hubbard regarding her use of
discourse during the lessons with specific attention to science/pedagogy and'mon-ologic/dialogic
issues. We developed interview protocols and reconstructed them following the guidelines for
interview guide approach and standardized open-ended interview from Patton (1990). We also

conducted informal student interviews as necessary to better address our research questions.
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Videotaping

Videotaping of the lessons began once Newman was established in the classroom as a
peripheral member. One camera, focused on the instructor, recorded all classroom activities.
Additionally, wé used the videotapes to elicit teacher responses during interviews.

Audiotaping

We used three recorders during classroom observations, one for each group of students.
When the class met in large group discussions, we used one recorder to supplement the field
notes and videotape recording. Wé also recorded all post-class interviews.

Collection of Documents

We collected copies of lesson plans, relevant handouts, and student work deemed
important to the study.
Data Analysis

Multiple data sources, field notes, class transcripts, and interview transcripts, were used
throughout the study and allowed triangulation. Field notes and transcripts of classroom
discourse were the primary data sources. Data analysis began in conjunction with data collection
and continued through the write-up phase of the project. ' In the analysis of the discourse data, we
used constant comparative methods (Glaser, 1992), reading and rereading the data and
comparing segments for similarities and differences using coding which reflected the concepts
each segment exemplified (Patton, 1990). This process of open coding progressed until no new
concepts emerged from the data. We revisited the data once it was coded to ensure that the
coding was focused to the research questions guiding the study. Each research team member
independently analyzed the data. We then came together as a team and discussed patterns,

offered confirming and disconfirming evidence, and generated assertions grounded in the data.
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The techniques used to analyze and interpret the data are rooted in the philosophy of
hermeneutics and appropriate given the theoretical frame of constructivism. The study was
hermeneutical in the sense that the participants (especially Hubbard) were interpreting teaching
situations, and the researchers were interpreting the teacher’s interpretations to establish deeper
understanding and collective meaniﬁg (Patton, 1990). Interpretation and understanding are
dialectically linked; thus, the participants’ interpretations are influenced by their beliefs, values,
and prior experiences. Analogously, our interpretations of the participants can be understood
only in the light of our own beliefs, values, and prior experien'ces.

After mapping the videos and discussing the data, we established three major discourse
focal points for detailed analysis: demonstrations, open-ended discussions, and class consensus
discussions. For each discourse format, we selected an example in which science seemed to be
the predominant content and an example in which pedagogy seemed to be the predominant
content. We then transcribed the six segments and determined speaking patterns, who spoke
when and how often. After establishing tentative categories for function of each utterance, we
individually recoded each transcript. Each researcher developed new codes as needed, which
were later added to the coding scheme. This iterative process of individually recoding and
collectively interpreting the data continued throughout the study. Using patterns of speaking,
functions of utterances, and vocality, we labeled sections of each transcript identifying to what
extent the section was science and/or pedagogy and monologic and/or dialogic. Upon
completion of analysis for science/pedagogy and monologic/dialogic, we coded the classroom

and interview transcripts for intent.
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Results

Distinguishing between science and pedagogy was not simple in an elementary science
methods course (Newman, Hubbard, & Abell, 2001a). The two content areas were so
intertwined that they were difficult to differentiate. Moreover, what appears to be one content
area could be identified as the other based on the intents of the participants and/or the
perspectives of the students or researchers.

Similarly the monologic/dialogic distinction was not always clear. When a high
incidence of teacher voice was observed, the resulting discourse was not necessarily monologic.
Analogously, a large proportion of student voices did not always indicate dialogic discourse
(Newman et al., 2001a). Moreover, speaking patterns alone were insufficient tools for analyzing
the research questions; issues of function, voice, and intent became important in describing the
discourse. Given all of these variables to consider, we were unwilling to delineate a discourse
sample as purely monologic or dialogic. Thﬁs, we agree with Scott (1999) that the
monologic/dialogic nature of discourse is better described as a continuum than as a dichotomy
(Newman et al., 2001a).

Three whole-class discourse formats occurred regularly in the course, in both science
content and pedagogy contexts: open-ended discussions to share ideas, discussions to reach
consensus, and demonstrations. In earlier work (Newman et al. 2001a; 2001b), we identified the
discourse characteristics of six class discussions, one of each format for science and pedagogy. A
sumrhary of these results precedes each of the following sections to establish the necessary

context for the instructor’s explanations of the discourse.
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Open-ended Discussions

The two talks that represént open-ended discussion were a science talk (Gallas, 1995)
about the moon and a pedagogy talk, a discussion about science talks as an instructional strategy.
These segments were easily designated as science content and pedagogy, respectively, but the
line between monologic and dialogic seemed blurred (Newman et al., 2001a). Both segments
initially appeared dialogic; however, after deeper analysis, we identified the pedagogy segment,
in spite of multiple speakers, as containing significant monologic characteristics because we had
difficulty establishing whose voice, the teacher’s or the students’, was emphasized (Newman, et
al., 2001b).

Because the students directed the talk and discussed ideas that were important to them,
Hubbard described the science talk as involving student voice more than teacher voice. In a later
interview, she also acknowledged the concurrence of her intents and the students’ intents, “After

the class finished, I was pleased with the outcome. I felt that it had been a good day because the

- students’ goals for the day had aligned with my goals for the day, and together we had achieved

them.” Hubbard’s intent of engaging the students in dialogic discourse and the students’
willingness to comply with this plan resulted in a generative discussion.

Hubbard’s intent for the pedagogy open-ended discussion was for the students to socially
construct knowledge about using science talks as an instructional strategy. The students had
already participated in the moon science talk and had seen a video of a teacher leéding a
discussion. When contrasted with the science talk, the teacher role differed dramatically. In a
post-class interview, Hubbard stated,

I had hoped that the students would speak as freely about
pedagogy as they did about their ideas about the moon, but there

was not the same vigor in the discussion. I never achieved the goal
I had intended because the students had something else in mind.
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The discussion moved rapidly to a discussion of classroom
management with these types of talks or with science in general.

Hubbard acted in the rble of the teacher rather than of a participant during this discussion
because she spent much of her time steering the discussion towards instructional strategies and
away from classroom management. Accordingly, this discussion was less dialogic than the
science talk (Newman et al., 2001b).

When explaining the differences between the science talk and the pedagogy talk Hubbard
began by addressing her content knowledge as related to the science talk.

The science talk was very dialogic because I know a lot about the
moon and I knew I could just sit back and let them try and figure
some stuff out because I understood enough to figure out how to
teach them. Additionally, my goal was not that they come away
with total understanding, and I was okay not being able to answer
some of their questions due to the fact that I know I learn more
each semester, and I feel comfortable not knowing everything and
having to look it up.

She then noted a connection between her relatively high level of understanding about the moon
and the students’ lack of understanding.

Oddly, during the science talk, they were completely dialogic, but
knew little about the moon. I believe this is due to my content
comfort level again. First, they perceived my comfort with the
situation. (I think this is a big deal no matter the age level.) If the
teacher is calm, smiling and basically at ease with the students,
they have freedom to figure out the material. If they perceive that
you are stressed, they wonder what they have done wrong. So in

“this case, students’ lack of content knowledge didn’t matter
because mine was strong and comfort took over.

Hubbard also remarked on how a teacher can work around the difficulties presented when
students lack desired science content knowledge.

I do believe that a lack of science understanding can be

compensated if the teacher is number one, aware of the lack of

knowledge (like I know they don’t know the moon) and number
two, if the teacher is comfortable with that and number three, if the
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students perceive that the teacher is comfortable with the students
taking time to figure it out with no fear of retaliation or grade
lowering, etc. This is true about the science talk with the moon.
However, I have been in classes (as a student) where this was not
the case. It became hostile and monologic.

When focusing on the pedagogy talk, Hubbard shifted her attention from her students’
science experiences to their lack of teaching experiences.

The pedagogy talk about science talks is huge with regard to the

students’ lack of experience in teaching. They have so few

teaching experiences that their main focus (as is and probably

should be the case with young teachers) is on management. As a

result, our intents are not aligned and some monologue ensues as 1

attempt to have them go deeper. Eventually I think I gave in

because we were running out of time for this part of my lesson and

I'd hoped they’d wrap it up. But if you notice there is some

“barreling” on their parts as they try to run me down (much as I try

to run them down at times when I want my way) and they talk until

I give in!
In Hubbard’s view, the students were unable to get to the important part of the discussion, at
least from the teacher’s perspective, of the uses and purposes of science talks as a teaching
strategy. The students became entrenched in their need for understanding how to deal with
classroom management and discipline issues during whole class discussions. The students were
so adamant about this need that Hubbard was verbally “run down,” and her efforts to shift the
direction of the discussion resulted in higher monologic character than planned.

Differences in the nature of the two talks are grounded in two major themes, content
knowledge and student experiences. While the students lacked knowledge about both science
and pedagogy, Hubbard felt this issue only restricted the pedagogy talk. She indicated that the
students’ lack of pedagogical experiences in addition to their lack of pedagogical knowledge lead

to the more monologic character of the pedagogy talk. In contrast, the students have more

experiences as science learners than pedagogy learners and thus were able to adapt during the
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science talk despite their deficit in content knowledge. Another possible explanation might be
that the students could not redirect the discussion to “how do you” issues during the science talk
because they were participating in an inquiry study about the moon, and thus were personally
experiencing those issues. A third issue, time constraints, is mentioned in Hubbard’s
explanations regarding the pedagogy talk. This issue seems linked to the differing intents, the
teacher’s intent to discuss a pedagogical tool and the students’ intent to discuss classroom
management.

Class Consensus Discussions

The discussions we selected for this discourse focal point had the purpose of reaching
class consénsus on a specific topic after the students had talked about it in small groups. In the
conversation we labeled as pedagogy, the class discussed the use of portfolios in a science
classroom. In the other conversation, labeled science, the class discussed their understanding of
earth-moon processes.

Although punctuated by frequent instructor comments, this pedagogy talk appeared to be
high in dialogic character. Most of the questions were open-ended and Hubbard’s contributions
were more as a participant leader rather than teacher (Newman, et al., 2001a). At the beginning
of the discussion, Hubbard expressed her two instructional goals for her students: | (a)
communicating what they learned about a student, Ray, by looking at his portfolio; and (b)
determining what other information and artifacts they would like in the portfolio to better
understand Ray as a student. After completing the first goal, the discussion strayed from
Hubbard’s intended goal of determining other artifacts the students would like to have in the

portfolio, and the discourse converted from highly dialogic to highly monologic. Hubbard
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explained the transition as a function of her lack of comfort with teaching pedagogy, especially
portfolios (Newman et al., 2001b).
In contrast to the portfolio discussion, the science consensus discussion about the moon
was almost entirely QAE (Newman et al., 2001b). Throughout this talk, Hubbard constantly
asked questions that had only one answer and tried to get the students to figure out what she
already knew and to say the answer aloud (Newman, et al., 2001a). After having students model
three main points and “feeling they were comfortable with them,” Hubbard gave the students a
problem to solve in small groups. After this small group discussion, an open-ended, student-
controlled whole class discussion ensued about what the students thought and why they believed
their constructs.
Both of these class discussions contain transitions between highly monologic and highly
dialogic character. Hubbard tried to explain the discourse extremes and transitions.
With talking about Ray’s portfolio, it begins dialogic when we are
on comfortable ground. They had experience looking at work and
evaluating what the student knows. However, when asked to apply
this or step further, they were unable to do so and wanted to go
back to what Ray knew. I fought this with questions, which led us
to a more monologic discussion because they just didn’t know how
to meet my expectations. They knew how to evaluate from other
experiences, but they could not determine what else was needed
for complete understanding of the student.

In an interview with Newman, Hubbard discussed her own experiences and content

understanding regarding portfolios.
The portfolio discussion is a good example of how my content
knowledge influences discussions. I'll agree with you now that I
do know more than I think I do, however, a lot of this dialogue
came as a result of my own comfort with my self-perceived lack of
knowledge. I felt like it was okay to not know about portfolios

because everyone has a different view. It’s kind of like saying you
have to understand favorite colors. Well, duh, you can’t, everyone



is different. I can list several choices, and I’'m okay if people
disagree.

In post-class interviews, Hubbard expressed that she did not understand the portfolio process.
During the analysis process, however, Newman and Hubbard discussed her extensive
experiences with portfolios and debated whether her comfort was with her lack of knowledge or
with her understanding of the inherent flexibility of portfolios. Her current view seems to support
the latter.

For the science consensus discussion on the moon, Hubbard described the purpose of the
discussion as “providing the students with the tools I felt they needed to modify their constructs
about the moon; the discussion was not aimed at their social constructions of knowledge.” She
controlled the talk and the activities in which the students participated in “an attempt to provide
them with the science content, facts they needed to progress.” Hubbard explained the change in
the class discussion dynamic as, “I had achieved my goal, they now had the science to progress
and could have a generative discussion.”

The consensus discussions explanations are framed around content knowledge and
student experiences. The pedagogy talk began very dialogically because both Hubbard and her
students were comfortable with the content. Hubbard, regardless of which perspe;tive is
addressed, she knows little or a lot about portfolios, was comfortable with her level of
understanding. The students are accustomed to assessing stﬁdent work'and we;e comfortable
discussing this pedagogical content. The talk shifted to more monologic character when the
students had to apply their roles as teachers and their content knowledge to a new scenario,
determining other necessary components for the portfolio. They had little or no experiences
doing so, and thus the discussion changed character. The monologic quality of the science talk

resulted from Hubbard’s determination that the students could not move on without being
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provided more science content with which to work. Once she felt they had this content
knowledge she allowed for dialogic discourse.

Demonstrations

The demonstration examples chosen for analysis included a pedagogical technique,
interviewing students, and a science demonstration about atmospheric pressure. As would be
expected in a demonstration, these two episodes both emphasized the teacher’s voice over that of
the students. Accordingly, the demonstrations themselves were highly monologic in nature
(Newman et al., 2001a) and readily addressed Hubbard’s goal of demonstrating how teachers
could use each type of demonstration. After the pedagogy demonstration, Hubbard did not
provide an opportunity for the students to discuss what they witnessed nor did she even ask them
to evaluate what had occurred. She moved on to the next topic without any assessment of their
exéeﬁence. 'In éontrast, immediately after the science demonstration, she gave the students the

chance to talk in their small groups about what happened and why. Moreover, after the small

group discussion, the students shared their ideas as a class. However, examination of the

discourse following both demonstrations indicates that the students’ intents did nét align with the
instructor’s (Newman et al. 2001b).

Following the interview demonstration, Hubbard intended for the class to evaluate the
interview of the student using articles they had read. However, the students became more
concerned with how they would conduct their interviews of elementary students later in the
week. Instead of looking at the articles and evaluating the interview process, the students reread
their assignment and tried to understand the criteria for the project.

The science demonstration initially included no student voices. During the introduction

Hubbard lit a candle in a pan of water and covered it with a glass. While science demonstrations
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are often QAE, Hubbard did not even seek the students’ predictions prior to or ideas during the
demonstration. While we readily identified the science demonstration, like the pedagogy
demonstration, as monologic (Newman, et al., 2001a), it became difficult to classify the science
demonstration as science or pedagogy after leaming the instructor’s intent. Hubbard identified
her goals for the science demonstration as pedagogical, wanting her students to examine how the
demonstration could be used for assessment. Even though she stated her goal, the students did
not acknowledge her pedagogical intent in their discussions and instead focused on trying to
make sense of the science (Newman et al., 2001b).

When trying to explain the discourse during the interview demonstration, Hubbard
focused on the competition between her educational intent and the students’ sense of urgency
about an upcoming assignment.

The interview demo was so interesting because I saw myself get
sucked into their intent, but I was fighting all the way on the
inside. This made it so that there really wasn’t dialogue, and we
went to their intent, finding out directions and how it would be
graded. My intention of discussing the purpose and pedagogy
never even came to light on the video...in fact, everyone else in
the world just has to trust that was my intent based on my word
because there is NO evidence of that! (Except my frustration!). I
know they didn’t learn as much as they could have that day. Time
constraints became the issue during this class. I wanted to provide
the students with the last segment of class time to work on their
interview protocols since some of the students would be
conducting interviews the next day. I couldn’t get them to examine
the interview, so I knew I just had to make my point and move on.
As with the pedagogy talk, the monologic nature of the pedagogy demonstration is rooted in the
time constraints that arose from differing intents.
The issue of differing intents also guided the science demonstration discourse, but with

inversed results. Hubbard explained how her example of an alternative assessment strategy

became a science talk.
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The science assessment demonstration is a great example of how
their lack of science content kills my plans. WOW! I had hoped
that we could use the demo to discuss alternative assessment—I
even stated this goal in response to an expressed need for this, but
like I said, it really doesn’t matter to them! Then away we went!
They had no idea what was going on scientifically, and I was so
struck by their dialogic discussion that I let go! I think this doesn’t
follow my “rule” of becoming monologic [when intents differ]
because I didn’t fight it! They were quite capable and used to
dialogue at this point in the class, and I let them go with their
intent. I gave in without even considering trying to take over again.
And I don’t regret it! What an amazing discussion...although I will
say that the “old fashioned” science teacher in me did try to
interrupt and at least say “I DON’T THINK SO!!!” But by that
time they had me so bamboozled that I'm not sure I could have
explained it to anyone either!

Hubbard used the differing intents of her and her students, grounded in the students’ lack of
understanding the science content, to explain the monologic nature of this demonstration. The
students complete lack of understanding of the scientific principles involved in the demonstration
dominated the discourse and their exposure to previous science talks led them to conduct one of
their own.

When comparing the two demonstrations, Hubbard focused on the extremely different
discourse that occurred out of the same educational issue, teacher and students having differing
intents.

I think it is interesting to contrast these two situations because in
one I fought it and it still went their way, but was much less
productive. In the other, they won and it still was a productive
class. By the same token, I’'m not advocating just letting it go
wherever they take you every minute, but perhaps I need to
consider each situation more carefully before trying to regain
“control.”
In this comparison, Hubbard expressed her bias towards dialogic discourse being more

productive and leading to better student understanding. Further comparison of the

demonstrations revealed the reoccurrence of time constraints, student content knowledge, and
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student experiences as issues influencing discourse. Because she had other plans for the
remainder of the class, time became an issue during the pedagogy demonstration. Hubbard was
unwilling to let an unplanned dialogic discourse occur aﬁd interfere with the remainder of her
lesson. In contrast, she readily surrendered the classroom plans for a science based dialogic
discussion. She defends this with her amazement at the students’ lack of science understanding
and their need for the experience. She also refers to the students’ lack of experiences with
alternative assessment.

Discussion

Following participant speaking patterns during discourse analysis allowed us to initially
frame and distinguish the differences between science and pedagogy instruction. Knowing the
function of the utterances also became necessary to understand the nature of the speaker’s voice.
Yet, definihg which utterances were teacher voice and which were student voice required
knowing more than by whom and when the statements were made. The role and intent of the
teacher and students as they spoke also required examination. The complexity increased as the
perspective of the researcher, observer or parﬁcipant, resulted in disagreements about the data
and analyses.

The instructor accounted for discourse differences in three major ways: (a) time
cohstraints, (b) content knowledge, and (c) students’ experiences. Monologic discourse occurred
most often when the instructor felt pressed for time, had a “low comfort level with the material,”
or determined the students did not héve a basis for participating in dialogic discourse. She used
the first two conditions to explain monologic discourse during both science and pedagogy
instruction. However, she used the rationale of student experience only to account for monologic

discourse during pedagogy instruction.
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Time Constraints

Inadequate time for instruction occurred when the instructor’s and students’ intents did
not align. While discussions based around misaligned intents often started dialogically, the
discourse increased in monologic character as Hubbard tried to redirect the class towards her
intents, often by resorting to a recitation strategy.

My perception of a time constraint is often framed in my desire to

get the class back on an even keel. Such as when the class intents

differ from my own or I feel the class needs something, some piece

of knowledge, to moveon. Thus, I feel this sense of urgency to do

‘it’ now even if there is-an hour left. Cheap closure.
The issue of perception when discussing time constraints further complicates the issue.
Hubbard’s statement illustrates that a “perception” of a time constraint may occur when there
actually is plenty of class time remaining for the content at hand.

Monologic discourse resulting from time constraints occurred more frequently for
pedagogy than for science. During the science demonstration, Hubbard “didn’t fight the
students” desire for a science content discussion even though that was not her stated purpose for
the demonstration. Yet during the pedagogy demonstration and the pedagogy talk, Hubbard
“battled the students to regain control” and ended their dialogic discourse by engaging in
recitation. Hubbard explained tﬁis differeﬂce with her greater comfort level with science teaching
than pedagogy teaching. This issue is discussed further in the content knowledge section.

In a post-class interview, Hubbard expressed her disdain for using time as an excuse,
“Time is the issue, but I am tired of that as a reason. There must be more to it than time.”
Identifying the differing intents of Hubbard and her students helped her come to terms with this

issue. She began to understand that time constraints are often the results of other issues and not

simply restricting entities in and of themselves. Initially, Hubbard felt that because dialogic |
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discourse required more class time than monologic discourse, it was often the root of her time
issues. However, perceived time constraints arose from the interconnectedness of intents,
comfort levels, class time, and the characteristics of discourse. Thus, it is difficult to ascertain
which causes which due to the intertwined nature of all components.

Content Knowledge

Because she has had more preparation, both formal and informal, on how to teach science
dialogically, Hubbard expressed “a greater comfort level with the material when teaching
science” as opposed to pedagogy. Her experience teaching science at the middle school level
also added to her greater comfort with science content. Additionally, she stated that for her,
pedagogy is more “tacit knowledge” than science content. She was much more aware on an
explicit level of how to teach science than how to teach the teaching of science. Accordingly, she
tended to teach science more dialogically than pedagogy, allowing the students to explore their
ideas when they “were in [her] comfort zone.”

During several lessons, Hubbard felt the pedagogy she was trying to teach was restricted
by the students’ lack of science content knowledge; yet, she never expressed a concern that this
issue restricted teaching science. Regardless, she stated that she finds this idea that lack of
science content knowledge could interfere with pedagogy distasteful.

I was and still am uncomfortable even saying that I believe that
students have to have content knowledge before they can discuss
pedagogy. I felt like this was a statement that is true in some
circumstances and not in others. Once again, my fear that I don’t
know what I am talking about arose because I feared that others
would say “that’s ridiculous.” Not to mention that I have made
similar claims to my students when they insist that they must front-
load their lessons with content “introductions” so that their
students will know how to carry out and interpret the investigation.

To me that is ludicrous; it is simply telling the students all the
answers. But now I heard myself making a similar excuse.



In a science methods course, science and pedagogy are often so intertwined, it is impossible to
teach one and ignore the other. Thus, when teaching the pedagogy of science demonstrations,
the science content involved can readily become ihe focus of the discussion. Analogously, when
teaching science content, pedagogy issues such as classroom management can become the focus
for the students. The balance between pedagogy and science is difficult for an instructor to set
and maintain, and for researchers to determine.

Students’ Experiences

.Hubbard felt the students’ lack of teaching experience greatly reduced her use of dialogic
discourse during pedagogy instruction. Few of her students had science teaching experience and
tended to bring only ;heir experiences as students to pedagogy discussions. She felt the students’
limited experience teaching restricted their abilities to participate actively in classroom
discussions about pedagogy. Thus, she felt monologic discourse could be useful in the education
of preservice teachers when the students lack the knowledge or experience to participate actively
in dialogic discourse. Hubbard did state that she saw a slight increase in their desire and ability to
participate in pedagogy discussions after the field component of the methods course.

Conclusions

The function of the discourse, generative versus authoritative, initiated by the instructor is
linked to its nature, dialogic versus monologic. When the instructor wanted to convey meaning,
discourse was authoritative and monologic. She often attributed this form of discourse to time
constraints and/or lack of students’ content knowledge with that particular topic. When she
wanted students to inquire, discourse was generative and dialogic. The instructor attributed this

discourse form to greater student content knowledge and more teaching experiences with the
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topics being taught. Another explanation for discourse differences, not identified by the
instructor, might lie in the teacher’s educational goals and plans.

Differing intents influenced the nature of the classroom discourse and the role that time
constraints played with regard to discourse. The student’s intents differed from the teacher’s
intents when she challenged the students to examine an issue from the perspective of a teacher.
The student’s inability to get beyond the student perspective precluded the teacher’s goals from'
being achieved, regardless of her planned discourse strategy. Because the methods students never
observe the instructor teaching children and the instructor can only observe the students ;eachiﬁg
children for very brief periods of time, methods instructors are very limited in their ability to
help their students in the role of teacher. Thus, our students will struggle to be effective science
teachers until they gain experience teaching science and are able and willilng to reflect from the
teacher perspective.

Implications and Relevance to Science Teacher Education

Understanding what happens in a science methods course is an imbortant step in creating a
successful teacher education program. We have established that differences occur in discourse in
our science methods course based on the content being taught. The instructor v;'as less likely to
teach dialogically during pedagogy segments than during the science segments of the lessons.
Moreover, perceived time constraints, student content knowledge, and studént teachiﬁg
experiences also determined discourse form. Current learning theory, including distributed
cognition, informs educators of the importance of dialogic discourse in the classroom (Brown,
Collins, and Duguid, 1991; Salomon, 1996), as do national science education documents
(AAAS, 1993; NRC, 1996, 2000). Moreover, educational goals, learning environments, and

teacher roles have changed dramatically in recent years and have influenced educators’ views of



effective classroom discourse (Bransford, Brown, & Cocking, 1999). Understanding why
discourse differences occur in science methods classrooms is important if preservice teacher
educators are to improve their programs and promote i_nquiry in science classes. In addition to
establishing why the differences occur, our research can lead to other important research projects
such as determining if the students are aware of the differences in discourse and if the differences
affect student achievement.
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STRATEGIES ENABLING TEACHERS TO
CRITICALLY ANALYZE LEARNING AND TEACHING

Donna R. Sterling, George Mason University

This paper shares the findings from four years of Eisenhower funded research which identified conceptual
obstacles and enabling strategies for interdisciplinary teams of grade 4-12 teachers to develop and implement
integrated standards-based science and mathematics teaching and assessment plans in their classes that are effective
in helping students learn. The program provided professional development for 80 teachers in 37 teams of science
and mathematics teachers in 12 rural and urban school districts to develop and implement integrated teaching and
assessment plans that follow the National Science Education Standards (National Research Council, 1996),
Principles and Standards for School Mathematics (National Council of Teachers of Mathematics, 2000),
Benchmarks for Science Literacy (American Association for the Advancement of Science, 1993), and Standards of
Learning for Virginia Public Schools (Board of Education Commonwealth of Virginia, 1995). Though the research
investigated teaching and assessment, this paper focuses on strategies to enhance the teachers’ critical analysis skills
for assessing student learning.

As teachers change the way they teach to meet new national and state standards, they need to also change
the way they plan for teaching and assessment of student understanding. The purpose of this research was to
identify conceptual factors that limit teachers’ ability to successfully develop and implement effective teaching and
assessment plans for their students. Once limiting factors were identified, enabling strategies were developed. The
main areas for teacher professional development during the summer and implementation year were standards-based
integrated science and mathematics subject matter and pedagogy, planning for teaching and assessment, and
critically analyzing student learning (Scantlebury, Boone, Kahle, & Fraser, 2001). Though the science theme varied
from year to year, an underlying focus on data analysis and experimental design remained. This presentation will
focus on the support scaffolding that enabled teachers to more effectively critique their students’ learning.

This study has implications for K-12 teacher professional development as we seek to help individual
teachers and teams of teachers plan for standards_-based teaching and assessment. As obstacles are identified and
enabling strategies developed, teachers will be better able to plan and teach in ways called for in the state and

national standards for science and mathematics.
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Theoretical Underpinnings

The study grew out of the recognition of the increasing importance for universities and schools to work
together to support the learning and teaching of science and mathematics. It also grew out of the need to help
teachers develop a vision of the kind of teaching and assessment called for in the national standards and the need to
implement this type of learning and assessment in their classes (Anderson & Helms, 2001; Kahle, Meece, &
Scantlebury, 2000; Lynch, 1997; Sterling, 1997, 2000, 2001; Sterling, Olkin, Calinger, Howe, & Bell, 1999).

Since few changes usually take place as a result of professional teacher development (Guskey, 1995), we
built into the program characteristics of "best practices" and “best of the best” for exemplary teacher professional
development programs including a thematic design, supportive infrastructure, and utilization of evaluation (Ruskus,
Luczak, & SRI International, 1995).. A systemic approach was used that aligned curriculum, instruction, and
assessment with local, state, or national standards and recruited teams of teachers from the same school and school
division with the support of that division (Scantlebury et al., 2001). Additionally we focused on collaboration and
follow-up (Gallagher, 1996; Ruskus, et al., 1995). Research suggests that meaningful collaboration facilitates
educational reform (Anderson & Helms, 2001; Fullan, 1991; Keys & Bryan, 2001) and collaborative work cultures
enhance student learning (Crawford, Kelly, & Brown, 2000; Newmann & Wehlege, 1995).

To enhance the daily professional development environment of the summer workshops, many aspects of
collaboration were built into the program (Keys & Bryan, 2001; Sweeney, Bula, & Cormett, 2001; Van Driel,
Beijaard, & Verloop, 2001). Social learning theory suggests the importance of observing and modeling behaviors,
attitudes, and emotional reactions of others as part of self-efficacy (Bandura, 1977). Therefore staff members were
carefully chosen and provided with their own professional development training so that they became a team
immersed in the projects culture. Vygotsky’s (1986) social development theory suggests that social interaction
plays a pivotal role in cognitive development with peer collaboration exceeding what can be learned alone. Team
problem solving and planning were an integral part of the program. According to Bruner (1960, 1990), learning is
an active process where the learner constructs new knowledge by discovering principles themselves under the
guidance of an instructor. Therefore instruction encouraged active dialog to uncover the structure and organization
of new information in order for the learner to go beyond the information given (van Zee, Iwasyk, Kurose, Simpson,
& Wild, 2001). Experiential learning situations were established through classroom experiences where the learners

became personally involved in self-initiated activities when they designed and conducted their own research
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investigations (Rogers, 1969). Cross (1981) emphasizes the importance for adult learning to be self-directed and
problem-centered where they have as much choice as possible. Teacher teams were given the flexibility to adapt all
assignments and research to their own schools and working situations. The perception of self-efficacy enhances
cognitive development (Bandura, 1993, 1997).

Initially the study focused on the scaffolding teachers needed to plan and teach standard-based science and
mathematics. During this time, we realized that until teachers focused more on assessing student understanding few
gains were likely to be made (Brown & Shavelson, 1996; Champagne, Lovitts, & Calinger, 1990; Kyle, 1997).
While focusing on assessment, we realized that many teachers needed to be more critical about their students’
learning and their teaching. Our study has now been extended to focus on enhancing the teacher’s ability to
critically evaluate learning and teaching.

The immediate impetus for focusing on critical analysis of learning and teaching by teachers occurred when
a team of teachers, who were reporting on a hands-on lesson where learning was not likely to have taken place,
justiﬁéd the success of their lesson by claiming their students had fun. Though fun is a desirable outcome from
learning, it is not a replacement for learmning. This particular team of teacher did not seen to have the knowledge and
skills to critically analyze success in the classroom. Though many teachers are naturally reflective and critical about
student learning, many are not. It became our goal to help all teachers critically analyze learning and teaching for
the purpose of continually enhancing learning.

Design and Procedure

Program Design

Structurally the program was set up to include teams of teachers collaboratively studying over an extended
time period (Kahle, Meece, & Scantlebury, 2000; U.S. Department of Education, 1999; Van Driel et al., 2001). The
program had an initial concentration of study and planning time for teachers in the summer followed by six to nine
months of implementation, analysis, and sharing.of findings during the academic year (Aflderson & Helms, 2001).

The program was designed to provide participating teachers with professional development necessary to
enable them to develop and implement integrated, hands-on, inquiry-based science and mathematics teaching and
assessment plans (Parke & Coble, 2001). During the summer workshops the teacher teams focused on developing
integrated teaching plans that included the basic elements of experimental design and data analysis (Cothron, Giese,

& Rezba, 2000; Virginia Department of Education, 2001). During the academic year the teachers focused on
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implementing their plans and assessing their students growing understanding with support from their team members,
other teams, and the instructional leadership team (Anderson & Helms, 2001; Sweeney et al., 2001; Van Driel et al.,
2001).
Leadership Team

The first phase of the program was to develop a leadership team that co-planned and taught the summer
workshops and follow-up sessions. The team consisted of university faculty from science, mathematics, and
education and teacher leaders from the different participating school divisions who were specialists in science or
mathematics. Leadership skills were developed through increased knowledge of integrated science and mathematics
gained by working with an interdisciplinary team during the planning and piloting process, critical analysis of
student-centered teaching strategies and assessment practices, development and implementation of workshop plans,
peer teaching and mentoring, and reflection and evaluation on every aspect of the program.
Teacher Teams

For this project, the ideal team was 2-3 teachers from the same school teaching the same grade level who
could plan together. When this was not possible, teachers were allowed to choose to work with teachers from
different schools but all at the same grade level or with teachers from different grade levels at the same school.
Though we were not assessing effectiveness of team configuration, all arrangements appeared to enhance teachers’
experiences. Teacher connectivity and camaraderie appeared to be more significant than team configuration. The
teacher teams created teaching plans that incorporated multiple forms of diagnostic, formative, and summative
assessment to monitor student learning in their classes (Bell & Cowie, 2001; Treagust, Jacobowitz, Gallagher, &
Parker, 2001). The research task for teachers was to identify a content standard and prove to their peers through
assessment of understanding that their students had mastered the standard. If the standard was not mastered, they
were to identify their students’ misunderstandings or misconceptions and their plans for enhancing understanding.

Research Methodology

Using a constant comparative process (Glaser, 1978; McMillan & Schumacher, 1984), data collected
through surveys, interviews, focus groups, observations, and analysis of artifacts identified obstacles the teacher
teams needed to overcome in developing integrated, inquiry-based science and mathematics teaching and
assessment plans. A leadership team of scientists, mathematicians, and educators conducted the on-going formative

research. The team analyzed the data on a daily basis during the summer program. This staffing arrangement
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provided triangulation among the staff observations and interviews where staff members independently identified
problems that were in most cases observed by others.

Through a continuous improvement model, support scaffolding was developed that enabled teachers to
effectively conduct research on their students understanding (National Commission on Mathematics and Science
Teaching for the 21* Century, 2000). The support scaffolding provided teachers with a simple way to assist in
interpreting the complexity of teaching and constructing plans and hence assisted in the change process (Anderson
and Helms, 2001; Barnett & Hodson, 2001).

Findings

Scaffolding for Planning

The scaffolding that enables teachers to develop a vision of the kind of inquiry-based teaching and
assessment called for by the standards and to effectively plan to create this type of teaching in their classroom fell
into two categories - conceptual organizers and guided planning. Conceptual organizers in the form of graphic
organizers proved to be especially helpful and were created to guide planning for teaching, assessment, and critical
analysis.

Obstacles and Enabling Strategies for Teaching and Assessment

It became apparent that when teachers were developing their own teaching plans that were. not based
around a core set of materials such as a textbook, they were left with an organizing structural void. To fill this void,
an inquiry-based conceptual organizer, a type of advanced organizer, provided an organizing structure/scaffolding
around which to base teaching plans (Sterling, 2000). The inquiry hierarchy provided structure to both subject
matter and pedagogical strategies. The inquiry hierarchy is similar to backmapping used to develop Benchmarks for
Science Literacy (AAAS, 1993) in that it shows the relationship of unit science concepts. It is also similar to a
problem-based unit that has a question guiding the instruction.

Likewise it was found that teachers also needed an organizational structure around which to develop their
assessment plans. The assessment timeline conceptually organized a process for teachers to identify and monitor
student learning (Sterling, 2001). By developing a before, during, and after paradigm of diagnostic, formative, and
summative assessment, the teachers were able to embed assessment in their teaching. The teachers found that when
they embedded assessment routinely as part of their instruction, they became more effective at assessing their

students understanding of science and in turn informing their instruction (Treagust et al., 2001).
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Beyond the conceptual organizers, guided planning provided additional structure for the teachers that
enabled them to create teaching and assessment plans which they could conceptually defend to their peers. The
guided planning was a sequential series of decisions made by the teachers about the teaching plan or assessment
plan they were developing, followed by an analysis of their decisions made from different perspectives.

Obstacles and Enabling Strategies for Student Understanding

While most teacheys easily focused on assessing student understanding, peripherally related issues such as
fun and.active studenlt involvement sidetracked some. Both fun and active student involvement are desirable
outcomes. However, they may not be directly related to developing student conceptual understanding.

To help teachers critically evaluate learning, a critical analysis taxonomy was developed showing a
hierarchy of levels for analysis and evaluation (Figure 1). The taxonomy provides a structure for the purpose of
continuous improvement for the teachers to evaluate effective learning and teaching. The taxonomy progresses
from analyzing the effective aspects, to identifying the weaknesses, to suggestions for improvement, to extensions or
links to other information. Using the taxonomy provided teachers with a conceptual framework for the evaluation

process that delved at successively deeper levels of evaluation.
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Figure 1. Critical analysis taxonomy.

The critical analysis taxonomy also guided the teachers analysis .when they implemented their teaching and
assessment plans. By having teachers share all the levels of the critical analysis hierarchy, they celebrated their
successes and group problem solved areas that needed further development. They became a team of professionals
working together.

Critical Analysis Taxonomy

The critical analysis taxonomy provided a mental model for teachers to analyze student understanding. The
taxonomy, a graphic organizer, combined the elements of a hierarchy with the need for depth of lﬁultiple formats of
analysis. The reason for the hierarchy aspect was because the multiple levels for evaluation are based on a
continuous improvement model and the research of Bloom (1956) and others that classifies thinking in a six level
cognitive hierarchy from low to high level and that shows that people understand at many different levels. The
hierarchy is also based on motivation systems theory and the need for positive regard for success (Ford, 1992).
Continuous improvement is the goal but acknowledging what is working well is important so that it continues to be
repeated. The continuous improvement model has the focus on improvement and not change for change sake.
Therefore, it is important to include what is working so that it is not changed but continued.

The critical analysis taxonomy provides a basis for evaluating most things and can be used by teachers as
well as students. It could apply to a lesson being taught by a teacher or to evaluating an essay or poster by students.

For a continuous improvement model the hierarchy builds from compliments, to criticism, to suggestions for
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improvement, to extensions. Therefore it could be viewed as a cycle or spiral with each round of analysis informing
the teacher and student about the level of understanding or lack of understanding. This in turn would inform
instruction and learning, and focus on improvement.

All levels of the hierarchy can be subdivided into two groups, critical analysis/comments that are
peripherally related or that focus on core elements of effectiveness for the work being evaluated. Comments that are
central to the effectiveness of the work being evaluated are the target for each level. However, by including
peripherally related comments, a focus can be placed on honing in on core elements, but also acknowledging
peripherally related comments and analysis.

Pros

The base of the hierarchy is identifying positive or successful aspects of the work being evaluated. Most

people find it easier to give compliments than to criticize. An example of the two levels within the pros category

when evaluating a teaching activity are comments about peripheral issues such as students having fun as compared ~ *

to comments about student learning. Though having fun is desirable, it is not usually the central purpose for an
activity.

Cons

Identifying aspects that are not working or are only partially working is the next step and a prerequisite to
improving. It is generally more difficult for people to be forthcoming when analyzing what is not working than
what is working because of values associated with lack of success. Therefore we deepened the “cons” part of the
analysis to a problem-solving/data analysis paradigm where problems are solved (Cothron, Giese, & Rezba, 2000;
Gabel, 2002) (see Figure 2). Analysis of errors of understanding is a cyclic process that starts with identifying errors
and looking for patterns among identified errors. Analyzing reasons for errors and clarifying as needed by gathering
more data about what led to errors enables teachers or students to plan for remediation. After remediation, the cycle
starts again with identifying evidence of understanding or errors in understanding to determine if remediation has

been successful.
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‘ Identify
Errors

Look for
Patterns

!

Analyze —> Clarify as
Reasons needed

_ . Implement
Figure 2. Error analysis. Remediation

Establishing a safe and supportive environment that focuses on continuous improvement and rewards
honest reflection is crucial to encourage sharing especially of less than stellar performance by students or teachers.
As part of the sharing process, teachers shared samples of student work. In most cases they shared three samples,
one each from the top, middle, and bottom third of their class. Inquiring into your own practice and sharing about
research findings and dilemmas is part of the new inquiry group paradigm for professional development (National
Commission on Mathematics and Science Teaching for the 21* Century, 2000).

Improvements

After identifying what is not working, suggesting possible solutions to problems or ways to make
something more effective is the next level.

Extensions

Extensions are ways that the work being assessed can be connected or extended to make it more
meaningful. It tends to be value neutral and thus brings the focus back to quality teaching and assessment at all
levels. |

The taxonomy proved to be most helpful in stretching teachers to go beyond accepting the status quo to
improving learning and teaching. The teachers also found that the taxonomy could be used with students to help
them with evaluation of their own and other students’ work.

Conclusion

This study identified conceptual obstacles for standards-based teaching and assessment and developed

support scaffolding that enabled teachers to understand and accommodate into their teaching style a student-centered

approach to assessment. The scaffolding included an assessment timeline and critical analysis taxonomy that
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conceptually organized the assessment process and a series of assessment analyses that focused on the effectiveness
of learning and assessment strategies.

By conducting research on their own students’ understanding, the teachers appear to critically analyze the
teaching and learning process. The teachers found that when they embedded assessment routinely as part of their
instruction, they became more effective at assessing their students understanding of science during the teaching
process especially when they used multiple forms of assessment.

As new ways of teaching and assessing learning challenge traditional methodology, teachers need time to
work through the conceptual change process. As the teachers are introduced to new methodologies and develop a
new understanding of effective science teaching, they require multiple experiences that challenge their
understanding of learning. A simple conceptual paradigm and a series of experiences that assists the teachers in
investigating overtime the new strategies at ever increasing depths helps teachers to progress through the change
process.

By using the critical analysis taxonomy and conducting research on their own students understanding, most
teachers appear to be able to critically analyze the teaching and learning process for their students. Our research
identified conceptual obstacles for creating and evaluating standards-based teaching and assessment and developed
scaffolding that enabled teachers to understand and accommodate into their teaching style a student-centered
approach to hands-on, inquiry-based teaching and assessment that led to assessing and extending student conceptual

understanding.
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A QUANTITATIVE COMPARISON OF INSTRUCTION
FORMAT OF UNDERGRADUATE INTRODUCTORY
LEVEL CONTENT BIOLOGY COURSES: TRADITIONAL
LECTURE APPROACH VS.

INQUIRY BASED FOR EDUCATION MAJORS

Jennifer L. Willden, Virginia City Middle School
David T. Crowther, Ph. D., University of Nevada, Reno
Alan A. Gubanich, University of Nevada, Reno

John R. Cannon, University of Nevada, Reno

The discrepancy between how most students experience introductory science
courses at the university level and how the National Science Educatiori Standards (NSES)
recomniend they should be experienced seems vast (National Research Council, 1996).
Halls are filled with a hundred or more siudents listening to lectures. Smaller groups
participate in Ipres_criptive labs that seldom relate learning to the daily life of the student.
;l"he experience that the majority of stu'dents- haire after such a course is that of listen_ing to
many hours of lecture, reading, and memorizing material from a text. These courses are
generally designed for the non-science inajor; those who will be future writers, social
workers, and artists. However, these courses are also where most of the future
elementary educators in this country will learn the science concepts they will be expected
to teach in their own classrooms.

The NSES (1996) recommend that prospective educators experience science in
situations that include problem solving, inquiry, and the us.e of hands on experiences in
order to develop a “broad base of knowledge” that will allow them to understand the role,
processes, and nature of scientific inquiry (p. 59). They must also uriderstand the basic
facts and principles of the sciences and be able to make connections between and within

them (NRC, 1996). Looking at just these few guidelines among those recommended, it is

difficult to believe that elementary education majors are receiving the education
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suggested in the standards through paﬁicipation in the traditional lecture and laboratory
format classes. The recent ‘publication of the report Science Ti eachef Preparation in an
Era of Standards Reform recommends that universities and their faculty develop courses
for elementary education students that reflect the best practices recommended by the
NSES (National Research Council, 1997). Such coufses should include pedagogy and
assessment practices, as well as the content knowledge tﬁat will be needed in their future
profession. Classes should be designed so that the subject matter being taught in the
college classroom reflects the subjects that the students will eventually teach in their own
classrooms.

Professors of physics or biology would not be expected to be experts.on the
newest and most effective teaching practices in elementary education (K-8); ﬁor would
one who specializes in education be expected to be expert at all of the discipline-s of
science. Therefore, education and science Aprofessors need to work together to crgate
experiences that integrate content and pedagogy (Stevens & Wenner, 1996; NRC, 1997).
Several science courses for education majors have been created around the country
through' collaborative efforts between departments and colleges with positive results.
Specialized chemistry classes have been created at Colorado State University and at the
University of Maryland (O’Haver, 1997; Jones et al, 1997). Research gathered from a
physics class for education majors at Pennsylvania State University found by integrating
content taught in a hands on manner with pedagogical practices in a comfortable
classroom setting that students confidence and learning were enhanced (McLoughlin &
Dana, 1999). Biology courses for education majors at the University of Nebraska and St.
Clouds have promoted positive changes in attitude toward science and in the confidence

the students in seeing themselves as science teachers (Hall, 1992; Friedrichsen, 2001).
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In situations where it was impossible to create courses specifically for education
majors changing the manner in which students participate in the traditional lecture and
lab have also shown positive results. At Clemson University, a program had been
previously introduced that provided education majors with experiences that followed
NSES recommendations embedded in a format of lecture and lab. Recent research by
Fones et al. (1999) found that by reducing the amount of time students had between when
the discovery phase (the lecture) and the concept development and application phases (the
lab) took place, through integration in an experimental course, student attitudes toward
the subject and the teaching of it were more positive. Stallheim-Smith and Scharmann
~ (1994) found that by creating a recitation secfion specifically for education majors where
their “learning styles and interest orientafions” were considered significant differenées
were found in the achievement when compared to other sections during that semester and
when compared to the cumulative data from the previous ten years (p. 170).

Recent literature exists that demonstrates that‘the establishment of science courses
for elementary education majors proves to have positiv¢ effects, however, the controversy
of “specialized” sections or courses still exists. It is important to acknowledge that the
most of the recent literature research has been on the students’ aftitudés or comfort levels
with the subject. The question remains whether students who take courses such as these
learn the contént that is necessary to become educators who can create experiences in
their classrooms that conform to the recomrﬁendations of the NSES (1996). If colleges
and universities are going to be convinced that designing such courses, which require
more money and faculty resources to develop and teach, rather than keeping what is
currently being taught, evidence must be shown that the students who participate in them

are learning more than a positive attitude.
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Purpose

The purpose of this study is to determine if there \&ere any stétistically signiﬁcant
differences in the pretest and posttest examination scores between students in two
undergraduate biology classes taught in two fundamentally different praxes at the
University of Nevada, Reno (UNR). Biology 100, an introductory biology course for
non-majors, is taught in a traditional lecture and laboratory format. Biology 110 was a
newly created course designed for elementary education majors using an approach
recommended by the NSES (1996). “This approach includes inquiry, collaborative work,
and investigations. Data analyses should reflect any differences in students understanding
of biological content presented in each course, based upon ﬁnai examination scores.
.. From this research, new information regarding the relationship between how a
course is taught and the understanding of course content by the students may be gained.
This may effect how college-leve‘l science courses are designed, independent of students'
academic majors. Ifit can be demonstrated that students who participated in the Biology
110 course, Biology for Education Majors, outscored their peers in the traditional Biology
100 course, Principles and Applications of Biology, than the methods of teaching used in
the Biology 110 course could be advocated for other science content courses at the

college-level.

Background
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The University of Nevada, Reno (UNR) offers two lecture sections of Biology

-100, which are composed of between 150 - 200 students per section and 15 lab sections

where the students are divided evenly, usually about 20 students per lab section. Biology
100 is a survey course offered in general content biology for all non science majors. It is
a Core A science requirement (Core A meaning that it is a core science with a minimum
lab hour requirement in addition to a pre-requisite in college algebra and a writing
requirement). Biology 100 meets for lecture two times per week and has a requirement of
a three hour lab that must be attended four times during the semester. UNR also offers
Biology 190 for science majors (which was not considered in this study).

Biology 1 10 was on'ginallly developed and taught i1_1 the spring semester of 2001.
The course was initially funded by a Howard Hughes Medical Instituté (HHMI) Grant to
the University of Nevada, Reno. The portioh'. of the grant ﬁinding this initiative is part of
the undergraduate / graduate portion of the grant for content enhancement for teachers

and pre-serviée teachers. Biology 110 was offered as a general biology course for

elementary (K-8) education majors. The course consisted of a weekly four hour lab and

an additional 1 hour recitation, which meet two days after the lab. ”l;he course was taught
as a collaboration between the College of Arts and Science (Biology Department) and the
College of Education (Curriculum and Instruction Department) Dr. Alan Gubanich co-
taught the course from the Biology Departmeﬁt and Dr. David Crowther co-taught the
course from the College of Education. The lab was designed using a hands-on inquiry
approach to teaching content biology. Biology concepts covered in the lab were
comparaBle to the topics and concepts in Biology 100 and included a range of
Environmental concepts, Biogeochemical Cycles, Classification, Adaptation, Evolution,

The Cell and Cell Division (Mitosis), Meiosis, Human Reproduction (including STD’s),
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Mendelian Genetics, Molecular Genetics, Protein synthesis, Cellular Respiration,
Photosynthesis, and Body Systems and Health. The lab topics were taught modeling
current education methodology and pedagogy, utilizing a constructivist philosophy and an
inquiry mode of presentation. The one hour recitation, which was offered two days after
tﬁe la‘p, allowed for the students to make sense of the content explored in the hands-on
setting and allowed for discussion of the text which was assigned to be read (most often)
after the lab experience.

Bi_ology 110 was open to 25 - 30 elementary (K-8) education / pre-educati_on
majors, although only 15 enrolled in the course. This small numbef was to be more
comparative to a lab section rather than a lecture section. Biology 110 is currently under
institutional review as a Core A science.

Hypotheses

Hypothesis 1: There will not be a statistically significant differehc;e between the
pretest aﬁd posttest mean scores of those who participated in Biology 110, Biology for
Education Majors, duﬁng the spring semester of 2001. |

Hypothesis 2: There will not be a statistically significant difference between the
pretest and posttest mean scores of elementary education majors who participated in
Biology 100, Principles and Applications, during the spring semester of 2001.

Hypothesis 3: There will not be a statistically significant difference between the
pretest and posttest mean scores of all students who participated in Biology 100,
Principles and Applications; during the spring semester of 2001.

Hypotheses 4: There will not be a statistically significant difference between the

post test mean scores of those who participated in Biology 110, Biology for Education
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Majors, and the elementary education majors who participated in Biology 100, Principles
and Applications, during the spring semester pf 2001. .

Hypothesis 5: There will not be a statistically significant difference between the
post test mean scores of those who participated in Biology 110, Biology for Education

Majors, and all students who Participated in Biology 100, Principles and Applications,

during the spring semester of 2001.-

Review of the Literature

The recent publication of the Third International Mathematics and Science Survey
(TIMSS) (1999) reported that the trend in science achievement in the United States was
slightly below that of the international average, though there was an insigniﬁcant gaip
between the scores from 1995 to 1999 (p. 36). Results from the United States
Department of Education showed that the average science scores between 1996 and 2000
remained the same for students in grades four and eight, but dropped significantly in
grade twelve (Uniteci States Department of Education 2001). When considering the
ultimate goal of a scientifically literate society, and comparing that goal to the outcome of
these recent studies and publications such as “Before It’s Too Late,” (National
Commission on Mathematics and Science Teaching for the 21st Century, 2000) it appears
that not enough is being done to change the experiences students have while learning
science.

The National Science Education Standards’ (NSES) (NRC, 1996) call for a
“reform effort in science education [that] requires a substaﬁtive change in how science is
taught” (p. 56) is not surprising. The NSES recommend that students at all levels, as well
as “prospective land practicing teachers of science, must take science courses in which

they learn science through inquiry, having the same opportunities as their students will to
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develop mderstanding” (p. 61). The learning that takes place in a classroom is dependent
- upon the effectiveness and attitude of the teacher in that classroom tovi/ard the subject
being taught.

There is aielationship between the experiences preservice teachers have during
their elementary and secondary education and how comfortable they feell learning the
subject later. Research has shown that preservice teachers who learned science during
A elementary and secondary schools in an atmosphere that enconraged questions and
provided hands-on experiences were more likely to feel positively toward the snbj ect and
were more comfortable while learning science as college studentsi(Mulhlolland &
Wallace, 1996; Moore & Watson 1999). A positive correlation has been shown to exist
between an elementary education major’s previous experience in school and with
informal science activities and his or her conﬁdence while teaching science. Indeed,
Jarrett (1999) found that “the best predictor for interest in science was a poeitive
experience. in elementary school” (p. 53). Watters and Ginns (1997) found that when
elementary education majors were in the position to learn subject content, but Weie not
comfortable with the subject, “high levels of anxiety are generated leading to an
expressed desire to avoid the teaching of these subjects in their future cereer” (p;13).
Tingle (2000) found that many practicing teachers who did not have the oppertunity to
learn science in a manner recommended by the NSES izvere “intimidated by activities in
the classroom...because activities made students ask questions, and the teachers often did
not have the answers” (p. 42). As students of all ages learn science they need to
experience it in a hands on, inquiry manner, thus increasing their comfort with the subject

and the likelihood that they will take more science courses through their education. A



number of these students will go on to become the teachers who will be able to create
such an atmosphere in their own classrooms.

Many elementary education students, however, come to universities with low
leQels of comfort and interest in science. In an attempt to create experiences that conform
to the NSES many universities have created science courses that teach science content in
a hands-on, inquiry manner, some specifically designed for elementary education majors.
The following does not attempt to relate all courses created with a similar design, but to

| ‘s‘how the diversity of clqsses that have been created recehtly around the country. At the
University of Portland a course designed for education majors but open to all non-science
majors was created. Acéording to Tolman (1999) the sophomore level “Natural Science
Course” they have develobéd covers a-v-ariety of science topics, all of which were taught
in a manner designed to keep ihe students activé in their learning. Results of this course |
include a “marked decreas¢ in [the students’] fear of math and science courses” (pg. 45).
Western Washington University developed a course that was designed to be.a “capstohe”
that would integrate the coﬁtent learned during core s;:ience courses by providing
investigative situations for elementary educatibn majors to apply what they have learned.
After taking this class, students had a greater confidence with and understanding of
inquiry science (Morse, 1999). At Clemson University a physical sciences course fo;
elementary education majors has shown significant results. Instead of the traditional
design of a lecture followed by a lab situation, science concepts were taught in a format
where content was integrated with application. Students who took this course were three
times more likely to agree to the statement “’I look forward to teaching physical
science,’” and the students’ attitudes fowards science was more positive after the

experience (Fones et al., 1999).



Research on three different courses around the country that were desiéned for
education majors and based on teaching the content of Biology using the inquiry methods
recommended by the NSES have been found. Pennsylvania State University created an
integrated science course whose central focﬁs was the microbial world. The course was
created by a collaborative team including professors of chemistry, physics, molecular
biology, and science education (McLoughlin &Dana, 1999). Qualitative research
gathered resulted in two assertions. The first is that “learning science was most
meaningful...when it was framed within a context of pedagogy,” (p. l78) and the sgcond
was “activities based experiences, pedagogically-oriented assignments and the
development of classroom community” were the factors that lead to an increase of student
confidence and learning in their classroom (p. 80). At S_t. Cloud’s University, Hall
(1992), describes “Biology for Elementary Teachers,” a three credit undergraduate course.
Teaching methods used include “inquiry and problem solving using a variety of hands-
on/r;linds-on, process oﬁénted activities,” (p.239) that were shown to be “influential in
promoting positiv'e attitudes toward science and science teaching...” (p.240). Stallheim-
Smith and Scharmann (1994) found that by creating an atmosphere where the “personal
needs, learning styles, and interest orientations of elementary education majors” (p. 170)

were met in a special recitation section of their “Principles of Biology” course there were

- significant results in achievement. Students in this section scored higher in average grade

distribution when cbmpared to other sections taught by the same instructor, sections
taught by other instructors during the same semester (p.175), and when compared to the
cumulative data for the previous ten years (p. 176).

All of the courses designed to science content in an inquiry manner, and especially

those that integrated the pedagogy of teaching, showed positive results. The vast majority

182



_of the research shows positive affective results. Students were found to be more
interested, more likely to take other science comseé, and more comfortable with science.
Only Stallheim-Smith and Scharmann (1994) presented results that measured the content
learned by the students, and the course on which they repdrted was a specialized
recitation section. Positive affective results have been shown to be the result of courses
designed to teach science content, but more research needs to be doﬁe to determine if the
students learn the content of the subject in such courses. |

Methods
Design

A quasi-experimental pretest/posttést design was used for this study. Students-
who were enrolled in Biology 100 and Biology 110 were the basis for the groups who
were involved. Those in Biolégy 100 were introduced to biological coﬁcepts through a
traditional lecture and laboratory format consisting pri{narily of didactic teaching coupled
with teacher demonstrations. Students were expected to have read the information in
their textbook regarding the topic prior to the lecture. Students participated in a once a
week lab section taught by graduate teaching assistants from the department of Biology
where they experienced experiments related to the topics covered in the lectures and their
reading.

Biology 110 was designed to teach the éame topics as Biology 100. However,
students would participate in hands-on investigations that integrated scientific
metho&ology with educational pedagogy. The class met twice a week, once for a four-
hour lab experience and once for a one hour recitation. During the lab meetings small
groups of students worked together on investigations presented in a 5-E inquiry method

as proposed by Bybee and Landes (1990). The recitation met to discuss problems
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students were having understanding concepts, elaborate on the concepts presented in the
lab, and provide time for siudent reflection and discussion. Students were expected to
read their textbook after being introduced to the topic from the lab experience.

Biology 100 and 110 both have the aim of teaching the same biological concepts.
Biology 110 embeds them in the learning experiences involving hands on investigations
and inquiry and couples the content of the course with science teaching pedagogy.
Through a pretest/posttest given on the first and last day of classes to both groups this
étudy is designed to determine if how the information was presented would result in a
difference in the learning of the biological concepts between the two classes.

In order to determine if there is a significant differénée in learning, the pretest and
posttest mean scores of the Bio]ogy 100 and Biology 110 students were compared using
an Analysis of Variance (ANOVA) statistical analysis. Hypotheses, mentioned above,
were answered according to the six groups of data
Subjects

All subjects participating in this study were undergraduate students at the
University of Nevada, Reno (UNR). The majority of students were freshmen or
sophomores, and all were enrolled in Biology 100, Principles and Applications of
Biology, or Biology 110, Biology for Educétion Majors. All students participating in
Biology 110 (n = 15) were students who had been accepted as students in the College of
Education or were planning on entering. The subjects in Biology 100 (n = 194)
represented non science majors from departments and colleges throughout thé university,
including elementary education majors (n = 14). Biology 110 majors were few in
numbers due to the fact that this was the first time that the course was taught, but reflect a

small to average lab section in Biology 100.
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Instrument

The National Association of Biology Teachers (NABT) Content Biology Test‘ was
developed in conjur_lction with the National Science Teachers Association (NSTA) as an
exit exam for Honors placement in college level biology courses. Content biology was
measured by using a pre / post test design on a modification of the (NABT) Biology -
Content Test. In a previous study, thirty questions had been selected from the NABT test
and administered to general Biology courses at the University of Nebraska, Lincoln
(Bruning & Glider; unpublished). T est questions were selected using a broad range of

content and several evaluative (process skills) questions. The validity and reliability were

not changed from the Bruning and Glider study, but were within acceptable ranges.

Content validity was reviewed by Dr. Alan Gubanich, UNR and was approvéd for this
study. |
Variables

The dependent variable in this study was the score on the NABT exam of the
Biology 100 and Biology 110 courses. The independent variable in this study was the |
difference in the teaching strategies that were used betweén Biology 100 and Biology
110. | Specifically, the hands-on inquiry approach to teaching Biology 110. Intervening
variables in this study included gender, number of subjects and the fact that the number of
subjects included all available and willing participants in the study.

Procedure

On the first day of class for Both Biology 100 and Biology 110 copies of the
NABT Biology Test were given to students who were asked to answer the questions to
the best of their ability. The participants were made aware that their answers on this test

were going to be used for research purposes and would not be looked at until after the
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course was over, and that participation would in no way effect the grade they received in
the course. Any student who did not want to be part of the study was given the option to
not take the test. However, 5 points of extra credit (a non significant nﬁmber) was

offered for participation in the study. Participants were asked to write on the test their
declared major or pre-major. As students finished, tests were collected and stored for the -
duration of the semester.

On the final day of classes, students were given copies of the NABT Biology Test
identical to those, which had been taken on the first day of the course, and were asked to
answer to the best of their ability. Again, they Were asked to write their declared major or
pre-major. Participants were told that the tests were given for research purposes, and that
their participation would in no way effect their grade in the course. As students finished

the test they were collected and stored for analysis.

Data Analysis

Data was collected in the form of pre and posttest scores from the NABT Content
Biology Test from those who participated in Biology 100 and 110. Analyses were run én
the pretest scores ;)f those in Biology 110, elementary education majors in Biology 100,
and all students in Biology 100 to determine if they were homogeneous groups at a .05
alpha level (p-value). Additional t Tests were run on each group separately to determine
if they had a pre-post test difference. An ANOVA was run to find if there was any
significance between the pretest / posttest means of the groups, and a Newman-Keuls
multiple comparisons test was used to determine where the significance differences
occurred.

Results

170
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Initial ANOVA testing concluded that there was no significant difference (Alpha
.05) between the three groups on pre-test mean scores. Thus the groups could be |
considered homogeneous groups at the onset of the study.

Hypotheses one through three were initially explored with t Tests, with
significance to be determined at the .05 level. These hypothéses addressed whether there
were differences within each individual group. The only group that showed a statisticélly
significant difference from pretest to posttest was the experimental Biology 110 group,
with a p-value equal to .006.. (See Table 1) |
Table 1

Group Mean Score Comparison between Biology 100 and Biology 110 students

Group N NABT pretest  NABT posttest Mean difference  p-value
Biology 100 194 12.39 12.33 -0.055 0.91
(All students)

Biology 100 14 11.30 11.07 -0.24 0.92
(Education Majors)

Biology 110 15 15.13 20 4.8 0.006

In order to determine the existence of significance between the groupings an
ANOVA was run. The ANOVA showed significant difference (p <.001) between the
groups using all scores (both pre'and post). A Newman-Keuls mhltiple comparison test
determined that at the .05 alpha level there were statistically significant differences
between the posttest mean scores of those in Biology 110 (the Elementary Education
majors experimental section) and the posttest mean scores of both the elementary
education majors in Biology 100 aﬁd the group of all students in Biology 100 (both

traditionally taught). (See Tables 2 - 5)
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Table 2

Independent Group Analysis between Biology 100 and Biology 100 students

Group Name and Number Mean SD N
Biology 110 Pre-test (1) 15.13 _ 3.87 15
Biology 110 Posttest (2) 20.00 4.98 15

Biology 100 Ed. Majors

Pretest 3) 11.30 5.26 13
Biology 100 Ed. Majors

Posttest @ . 1107 6.46 : 14
Biology 100 All Students

Pretest - &) 12.39 4.39 194
Biology 100 All Students

Posttest (6) 12.33 5.49 193

Table 3

Analysis of Variance Table (ANOVA) between Biology 100 and Biology 110 students

Source S.S. DF MS F Approx. P
Total 11965.77 443

Between Groups 993.01 5 198.6 7.93 <.001
Within Groups 10972.77 438 25.05
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Table 4

Newman-Keuls Multiple Comparison Test Between Groups

Critical q

Newman-Keuls Mult. Comp. Diff. P Q (.05)
Mean(2)-Mean(4) = 89286 6 6.789  4.041 *
Mean(2)-Mean(3) = 86923 5 6481  3.869 *
Mean(2)-Mean(6) = 7.6632 4 8.078  3.639*
Mean(2)-Mean(5) = 17.6082 3 8.021 3.318*
Mean(2)-Mean(1) = 4.8667 2 3.766 2775 *

Mean(1)-Mean(4) = 40619 5 3.088  3.869

Mean(1)-Mean(3) =
Mean(1)-Mean(6) =
Mean(1)-Mean(5) =
Mean(5)-Mean(4) =
Mean(5)-Mean(3) =
Mean(5)-Mean(6) =
Mean(6)-Mean(4) =
Mean(6)-Mean(3) =

Mean(3)-Mean(4) =

3.8256 (Does not test)
2.7965 (Does not test)
2.7416 (Does not test)
1.3203 (Does not test)
1.0841 (Does not test)
0.055 (Does not test)
1.2654 (Does not test)
1.0291 (Does not test)

0.2363 (Does not test)

*shows significant differences.
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Table 5

Homogeneous Populations. groups ranked

**Gp Gp Gp Gp Gp Gp

4 3 6 51 2

**This is a graphical representation of the Newman-Keuls multiple comparisons test. At
the 0.05 significance level,. the means of any two groups underscored by the same line are
not significantly different.

Conclusions

Findings indicate that the within groups hypotheses one through three there
existed a significant difference only between the pretest and posttest mean scores of those
who participated in Biology 110. Therefore, hypothesis one is rejected, as significant
differences were found. Hypotheses two and three were accepted by the results. There
were no significant différences between the pretest and po.sttest scores of elementary
education majors taking Biology 100 or in the scores for all students in Biology 100.

Hypothesis four stated that there would be no statistical difference between the
posttest mean scores of the elementary education majors who took Biology 110 and those
who took Biology 100. This hypothesis is rej ectéd. A significant difference (p = .05)
between the posttest mean scores was found. Hypothesis five is also rejected as the
ANOVA showed that there was also a difference in the posttest mean scores at the .05
level between elementary educaﬁon majors in Biology 110 and the students of all majors

who participated in Biology 100.
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- Therefore, the instructional format (inquiry and hands-on) used in the Biology 110
course for Elementary Education majors did prove to make a significant difference in
biological content learned in the undergraduate course.

Discussion

Although this study concluded that the instructional style of inquiry and hands-on
labs proved to be significantly superior to traditional means of instruction, there were
some points of discussion that should be made. All efforts were made to insure that both
Biology 100 and Biology 110 covere.d the same topics through aligning the syllabus of
Biology 110 to that recommended by the department of Biology, however, each professor
in Biology 100 is given some freedom to adjust the course. Therefore, the topics covered
in the different courses may not have been covered in equal depth or breadth.

The questions téken from The National Association of Biology Teachers (NABT)
Biology Exam, the instrument chosen to assess the learning of the students, were
previewed by a professor from the department of Biology. The questions used on the
instrument were considered by the professor to be both valid and cover topics that should
be included in Biology 100, regardless of the professor. However, with the differences in
teaching style aﬁd preference of topic, there were no guarantees that all the questions
would ask precisely what students had studied in their courses.

The significance of this study is considerablg. Several previous studies have
found that elementary education majors show a marked increase in attitude toward
science and confidence with the subject when the learning of science content is combined
with pedagogy (Watters & Ginns, 2000; Shroyer et al., 1996), however, these studies are
qualitative in nature and deal with the affective nature of science. Only two other

empirical studies have been found on the subject and none (to this date) demonstrate,



empirically, whether or not students show an increase in content learning in such an
environment as Biology 110.

Additionally, hands on inquiry approaches to teaching are significantly more
expensive in both resources and faculty time. Though reform in education at all levels has
been called for in order to increaée the science literacy of the population at large (NRC,
1996), courses that conform to such recommendations require that a college or university
invest greater amounts of money and faculty resources in their design and teaching of -
introductory science courses. Demonstrating, with this study, that more content
knoWledge is learned and retained over a semester and that positive affective results are
eminent when compared to traditional teaching methods, may help to justify the expense
of separate core science classes for prospective teachers.

Affective data was collected in this study for both populations, Biology 110 and
Biology 100, regarding student attitudes toward science and science teaching. Although
fhe quantitative data has not yet been examined, anecdotal conversations with both
populations show that the education majo;s in Biology 100 did not have such a positive
experience and thus their attitude towards teaching and learning content biology seemed
to be lower than those who took Biology 110. The quantitative data needs to be explored
to verify the anecdotal conversations and subsequent courses should be analyzed to
confirm that positive changes in attitude occurred in this setting.

To extend this research, other experimental core science courses (physics,
chemistry, and earth science) for elementary education majors, using a similar design,
should be constructed and empirically analyzed. Such courses could create a hands on,

inquiry based science program designed to elevate content understanding and a broad



familiarity of the sciences for a population, both prospective and practicing teachers in
addition to elementary students, where such a demand exists.
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SCIENCE STANDARDS SURVEY: WHAT GEORGIA’S ELEMENTARY
TEACHERS TELL US

Letty Bridges, State University of West Georgia
Genell Hooper Harris, University of South Carolina Spartanburg

Preparing teachers for their professional careers is indeed a formidable task. Meeting the
Georgia state standards/Quality Core Curriculum (Georgia Learning Connection, QCC, 1999)
and national standards in all content areas is a serious mandate discussed by not only educators
and policy makers, but also highlighted in the media. With pressures from the media, parents,
and legislators to meet “Standards” in all content areas, it is easy for classroom teachers, as well
as educators who prepare them, to feel overwhelmed. The National Research Council recognizes
that the daunting task of meeting standards requires the help of all Americans and not just
teachers (1996).

The individual teacher is “the engine of change” in classroom instruction (Fullan, 1993).
The public demand for accountability demands a special type of teacher who is well prepared and
not afraid to take on the challenge of méeting standarcis (Loucks-Horsley & Matsumoto, 1999).
Classroom teachers may be unable to meet the new demands not because they do not want to
address standards, but because they may lack the content knowledge and pedagogical skills
necessary to teach the new, more stringent standards (Darling-Hammond, 1997). Are teachers
prepared to translate theory into practice and as Darling-Hammond (1997) suggests, do they feel
unprepared to meet the pedagogical and content demands of the contemporary science
classroom? Recently, the Glen Commission Report (Peterson, 2000) made two recommendations
for science education that appear relevant to the issue of attaining state and national science

standards. The first is the creation of a continuous system for grades 1-12 to improve the quality
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of math and science teaching, and the second is the improvement of the teaching preparation of
science and math teachers.

In our science methods classes, preservice teachers indicated through informal
conversation and written reports that many of their field placement teachers de-emphasize
science instruction in their daily instructional delivery. In the graduate science methods’ class,
inservice teachers reported a lack of emphasis in their schools on teaching science standards. We
believed that inservice teachers could tell us what they needed to know to meet the standards
since they had taken science courses during their undergraduate program and were responsibl‘e
for teaching the science standards at their particular grade level. Our graduate students, who are
K-5 inservice teachers, told us in class that science was often not included in classroom
instruction because reading and math were the more valued subjects in their schools. Some even
went so far as to state that their principals did not expect them to teach science, but would rather
have them devote their time to readin g and math. In a recent study, Akerson (2001) supported
their observations, “While some teachers may be specifically told not to teach science, most are
being asked only to emphasize language arts” (Akerson,.2001, p- 43). Many K-5 teachers’ first
learned of the state and national standards in the graduate science methods course and, for a few,
it was the first time they had read them. Our concerns about the quality and amount of time spent
on science instruction grew as the preservice teachers enrolled in our undergraduate science
methods classes reported that they observed little science being taught duﬁng their field
placements and heard few, if any, references to the state or national science standards.

As a result of the input from inservice and preservice teachers about science instruction in
classrooms, we decided to survey inservice teachers and ascertain how university science

educators could better prepare preservice teachers to be science teachers. With that goal in mind,
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the purpose of this research was to explore inservice teachers’ beliefs about what instruction and
content they had received in their teacher preparation program and based on that experience,
what was needed in a teacher preparation program in order to be better prepared to teach
Georgia’s science standards. Questions were developed that explored the relationship between
professional science standards and teacher preparation. The questions focused on three areas: 1)
Preservice teacher course work; 2) Current implementation of Georgia science standards; and 3)
Assistance needed to increase the teaching of standards.
Method

Subjects

The subjects (N=462) in the study were K-5 inservice teachers employed in western
Georgia. These were chosen because of their proximity to the researchers’ university. The school
districts were generally diverse with a 65% Caucasian and 35% non-white student population.
The survey population of teachers was predominately female and drawn from elementary schools
within 45 miles of our institution. The greatest percentage, 39%, of respondents had 1-5 years
teaching experience, followed by 28% with 15 or more years of experience, 21% with 6-10 years,
and 12% with 11-15 years. Kindergarten and third grade contributed the largest percentage of
respondents with 20%, followed by first grade at 17%, second grade at 16%, and fourth and fifth
grades, 13% each. Thirty-four percent of the teachers had a Master’s degree, and 10% had a
Specialist degree, a Master’s plus 27 credit hours.
Procedure

During the academic year 1999-2000, school principals and science coordinators
distributed surveys to teachers, which when completed, were either returned to a central

collection point in each building or mailed in an enclosed self-addressed stamped envelope.
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Completion of the survey was voluntary. Since anonymity of participants and school districts
had been assured in the contact letter, personal contact was not made to increase the rate of return
for the surveys. Response rate for the survey was 46%. Schloss and Smith (1999) state, “Without
a follow-up, you can expect about a 30 percent return rate” (p. 67). A return rate of 50% is
considered adequate for a descriptive type of survey according to Babbie (1992); therefore, since
the 46% return rate approaches the 50% rate considered adequate, the findings can be supported
by the number of surveys returned.

The Instrument

In order to ascertain teachers’ perceptions of their preservice education, K-5 teachers
were questioned using a combined quantitative and open response instrument consisting of six
questions. Questions were developed from a review of literature and preservice and inservice
teacher conversations and written reports. A review of literature helped researchers formulate
questions concerning courses in the teacher preparation program and problems encountered by
inservice teachers teaching science in the elementary classroom. Thirty-one inservice teachers
reviewed the instrument and edited the questions. To test the survey and establish content
validity, the instrument was piloted among 26 graduate inservice K-5 teachers. They critiqued the
survey and made suggestions for refining the items. In addition to the teachers, eight professors
in the College of Education provided written feedback on the instrument.

Data Analysis

Descriptiye statistics were used to analyze the data and results were reported in
percentages. Reliability was assessed through the test-retest procedures recommended by
Airasian and Gay (2000). Fifty K-5 graduate education students completed the survey in class

and then completed the survey again in 1-2 weeks. Item analyses were completed using chi-
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squares. The average consistency of responses was 82%. Fifteen of the 22 chi-squares were
significant indicating consistency between pretest and posttest results. The chi-squares not
significant reflected low frequencies in three of the four cells.
Results
Percentage analysis was used to represent the respondents’ perceptions and recollections
(Bieger & Gerlach, 1996). The following six questions with their responses are as follows:

Question 1: Circle your undergraduate science courses and rate your satisfaction with
each course in preparing you in the content necessary to teach elementary science.

Four hundred sixty-two teachers responded to the survey. Teachers identified each of
their college science courses and rated their satisfaction with each course in preparing them to
teach sciénce content using a Likert scale with “5” being most satisfied and “1” being least
satisfied. Eighty-four percent reported taking biology and 51% of this group indicated that they
were satisfied with biology’s content for teaching elementary science. Geology and science
methods (71%, 70%, respectively) were courses taken by approximately the same number of
teachers with the satisfaction rate for preparation to teach science reported as 66% and 53%.
Environmental science, astronomy, chemistry, and physics (44%, 43%, 43%, 40%, respectively),
accounted for the remaining science content courses taken with satisfaction rates in the content of
these courses rated at 68%, 23%, 10%, and 12%, respectively. It appears that the most commonly
or frequently taken science courses, biology, science methods, and geology had the highest
satisfaction rates, with the exception of environmental science.

Question 2. Circle the courses that prepared you for teaching the Georgia science

standards at your grade level.
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Forty-four percent of teachers reported that they gained most of their ability to teach the '
professional standards for their grade level from their science methods course. Biology,
environmental science, geology, astronomy, and physics courses (27%, 16%, 17%, 10%, and 3%,
respectively) prepared teachers to teach science to their elementary students. Twenty-seven
percent of teachers reported that no science course prepared them to teach standards. This
percentage is larger than any specific content course, with the exception of environmental
science. Teachers report that their degree of preparation and knowledge of the content needed to
teach science comes from their science methods course, not content specific courses.

Question 3. Circle how prepared you are to teach the K-5 science standards at your grade
level.

Nineteen percent of teachers (19%) reported that they were “very prepared” to teach
science standards, while the largest percentage (45%) of teachers indicated they were “prepared”.
Thirty-six percent reported they were “somewhat prepared” or “not prepared”. As a group,
teachers appeared to signal that they felt prepared to teach their grade level science and
overwhelming refuted that they were unprepared to teach the science standards. Still, 36% is a
sizable proportion éf teachers that appear to need for more “help” in science teaching.

Question 4. Circle the degree to which you teach the science Georgia science standards at
your grade level.

Over one third (37%) of the teachers reported they “teach beyond the Georgia science
standards”, 41% “meet all science standards”, 17% ‘“‘do some science standards”, while 5%
“don’t use the science standards”. The majority of teachers report they are teaching all of

Georgia’s science standards.
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Question 5. If a teacher responded to the question, “Do you use some of the standards” or
“Don’t use them”, in question 4, he/she was asked in an open-ended format, “What do you
believe inhibits you from teaching the Georgia science standards or doing more?”

Teachers who responded, “Do use some of the standards” or “Don’t use them”, in
question #4 (n=100) reported that a lack of time (55%) was the key inhibitor. Emphasis on
reading and math (33%) and lack of materials (31%) were identified as two other reasons for not
teaching the standards. Fear associated with lack of knowledge (13%) and departmentalization by
subjects (12%), were also given as reasons for not addressing standards.

Question 6. All subjects were asked, “What assistance they could use in teaching the
Georgia science standards?”

Teachers indicated the need for science supplies (77%). The need for more instructional
time (67%), science training (41%), and a new curriculum (29%) were also listed. Georgia
teachers perceive more money for supplies and more instructional time as the most important
types of assistance that would enhance their ability to teach the standards.

Discussion and Conclusions

This study was conducted to explore inservice teachers’ beliefs about what they had
received and what they needed in preservice teacher preparation program in order to be better
prepared to teach Georgia science standards. Teachers are the key to achieving the science
education standards (NRC, 1996) and must be well prepared to meet the standards’ new demands
(Loucks-Horsley & Matsumoto, 1999), yet some feel unprepared for the new pedagogy and
knowledge content of these standards (Darling-Hammond, 1997). Even with 64% of the teachers
reporting they feel prepared to teach the standards, 36% acknowledged they are only “somewhat

prepared” or “not prepared” to teach the standards. This statistic represents a sizable number of

201



teachers who acknowledge the need for assistance. This need must be addressed in order to
ensure that elementary age students who depend on those under-prepared teachers will have the
opportunity to excel in science, as they do in other subjects.

Elementary teachers are not afforded the luxury of choosing a science specialty, but must
be prepared to meet the science standards in a variety of science disciplines, often within a single
grade level. The K-5 Georgia standards include: physical, life (including ecology), earth and
space science and the inquiry and process skills. There are 29 physical science standards, 21 life
science standards, and 14 standards for earth/space science. Physical science standards appear
more frequently than aﬁy of the other science field standards, yet teachers were least satisfied in
their level of content knowledge and in their preparation to teach physical science concepts.
Teachers reported, of the content sciences, they were most satisfied with the content and
preparation of their environmental science course, yet this science field has only six standards
and is embedded in only one grade level in Georgia. Many more teachers took environmental
science classes as compared to those who chose to take physiés, yet Georgia’s K-6 science
standards expect a teacher to teach more physical science than environmental.

The goal of scientific literacy for all children begins in the early years of education (NRC,
1996). To achieve this goal, strengthening the science preparation of preservice teachers is
essential. The Glenn Commission Report on Science and Math Teaching (Peterson, 2000)
recommended an ongoing_ system to improve math and science teaching, a substantial increase in
the number of science and math teachers and an improvement in the quality of their teaching
preparation programs. A little over half the teachers in this survey indicated that they acquired
most of their ability to teach the Georgia science standards from their science methods courses

and not content specific courses. Another twenty-seven percent reported that no science course,
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either content or pedagogical, prepared them to teach the standards. These numbers are strong
indicators for change. Even though teachers report they get their ability to teach the standards
from science methods, it is questionable as to whether they receive the content needed for the
standards in a pedagogy/methods course. If teachers are expected to deliver student test scores
that reflect an increase in science knowledge that encompasses a number of science content
fields, more attention must be paid to the standards and course requirements during the
preservice teacher years. In our institution, students choose their science courses and only the
number of science courses taken is important for fulfilling university requirements. It is
important to note that a student could graduate in teacher education with two biology courses and
a lab and have no courses in eaﬁh and space science or physical science.

The majority of Georgia’s inservice teachers indicated they would like more time and
materials for science instruction. Teachers reported that science had a lower priority in some
schools or with school administrators than math and reading, both of which are routinely tested
through state assessments. Accountability for science learning may play a key role in increasing
the instructional priority for science. At the time this study was conducted, science standards
were not included in Georgia’s state testing program. The lack of accountability could be a
reason why some teachers indicated that science was not always being taught in the elementary
schools in the surveyed area. Teachers perceived that factors beyond their immediate control,
time constraints and administrative directives that emphasize other subjects, were prime reasons
for not addressing science standards.

- Recommendations
The effectiveness of inservice teachers’ science instruction and the condition of science

education in elementary schools has been under intense scrutiny for years. To increase content
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knowledge and pedagogical skills, preservice teachers should be required to take at least one
science course in life science, earth and space science, and physical science. Courses should be
specifically designed so that the pedagogical approach used in the class and the science content
delivered prepares them to teach the science standards in elementary classrooms.

A change that would address the preparation and content problems involves colleges and
departments of education inviting other university science departments to share in program
requirement decisions. Involvement of this nature requires considerable time commitment on the
part of all faculties, relinquishing of traditional territories and substantial compromise. In our
institution, some science faculty in the College Arts and Sciences and the College of Education -
have discussed the standards and have begun team teaching some science courses. We believe
that this approach will result in a better-prepared preservice teacher who can teach science
content and skills, as well implement state science standards. University departments and
colleges campus wide must come together and collectively work to enhance the knowledge and
skills of future teachers in order that they may méet not only the required academic standards, but
also the educational needs of all elementary school students. All parties will benefit for it is those
elementary school students who will be the students in not only the education courses, but also
all programs campus-wide in the future.

Changes that would increase skill in teaching science woﬁld involve using the physical
science concepts to conduct demonstration inquiry lessons in science methods classes. The
concepts of light and sound, which are often difficult to teach, could be demonstrated and
practiced by preservice teachers in their university class. The use of computer simulations when
the real materials are not available for hands-on activities, and the use of case studies could also

increase the preparation for the teaching of all science standards. Further research into other
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teacher preparation programs nationwide and their science content rgquirements might shed light
on how the issue of more diverse science content can be required of students.

A scientifically literate society is the vision of the National Science Education Standards
(1996). These standards emphatically state, “Students cannot achieve high levels of performance
without access to skilled professional teachers, adequate classroom time, a rich array of learning
materials, accommodating work spaces, and the resources of the communities éurrounding their
schools.” (National Research Council, 1996, p.2).
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DEVELOPMENT OF AN ELEMENTARY EARTH SYSTEMS
SCIENCE AND MATHEMATICS CURRICULUM

George E. Glasson, Virginia Polytechnic Institute and State University
Jeffrey A. Frykholm, University of Colorado
Lee Vierling, South Dakota School of Mines and Technology
Satellite and surface based technologies and observations have contributed greatly to
scientists’ knowledge of the Earth’s intricately connected systems. Yet, despite the rapid growth
of Earth system science as an interdisciplinary field of inquiry, there remains a great need for
educators to provide resources and meaningful learning opportunities for elementary school
children that will help them recognize and begin to understand the significance and delicate
nature of our environment. Such is the intent of this project. We aim to provide integrated
learning opportunities for primary children that will help them:
 recognize the interconnected nature of the Earth’s systems;
- appreciate the technological tools (e.g. satellite imagery) that scientists use to conduct Earth
system science;
« recognize the extent to which mathematics, science, and technology are not only connected
to each other, but also can serve as tools to help us understand natural phenomena; and
o cultivate a spirit of curiosity and confidence among diverse learners who will be responsible
for understanding and caring for the Earth in the decades to come.
In this presentation, the development of an earth systems science curriculum (supported by
NASA) that reflects diverse cultural perspectives will be presented. Examples of lessons from

the CD/website will be shared along with formative assessment data.
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Theoretical Perspectives

National reform initiatives in both mathematics and science are replete with references to
the integration of, and symbiotic relationship between, mathematics, science and technology
(e.g., National Council of Teachers of Mathematics [NCTM], 1989; American Association for
the Advancement of Science [AAAS], 1989; National Research Council [NRC], 1996). The
American Association for the Advancement of Science (AAAS), for example, has suggested that
“science provides mathematics with interesting problems to investigate, and mathematics
provides science with powerful tools to use in analyzing data” (p. 17). Similarly, the National
Council of Teachers of Mathematics’ (N CTM) Standards documents draw heavily on the idea of
conn;cting matilematicél coﬁcepts and tools to the scientific contexts in which they are naturally
embedded.

Encompassed within this broader vision of interdisciplinary curricula and pedagogy are
calls for increased attention to specific content areas and concepts. Notable among these areas is
the study of the complex interactions of the Earth’s systems. The AAAS (1990), for example,
highlights the importance of understanding how the “linked and fluctuating interactions of life
forms and environment compose a total ecosystem; understanding any one part of it well requires
knowledge of how that part interacts with the other” (p. 65). Similarly, the National Science
Education Standards (INRC, 1996, pp 130-134) articulates specific content standards in Earth
‘system science for elementary school learners that include opportunities for them to:

» observe closely the objects and materials in their environment;
» observe changes in cycles, temperature, seasons, weather, movement of water, etc.;
 identify properties of Earth materials, and recognize the constantly changing nature of the

Earth’s surface due to erosion, weathering, landslides, volcanic eruptions, earthquakes, etc.
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The national science standards also emphasize the growing importance of technology in fostering
scientific inquiry and understanding — specifically, “the relationship of science and technology
and the way people are involved in both” (NRC, 1996, p. 135).

Our premise is that different cultural perspectives are essential for understanding earth
systems science and students must cross cultural borders when learning western science.
According to Aikenhead (1997), every culture has a knowledge system that describes and
explains science. Such border crossings may be facilitated when science curriculum is
developed using local knowledge and values from indigenous cultures (Aikenhead, 2001).
Program Goals

Using the national curriculum reform goals as guiding principles, an integrated, K-5 earth
systems science curriculum program is being developed which has at its core the following
fundamental objectives. Specifically, the intent of the project is to:

* build upon existing data, technologies and resources (e.g. NASA satellite imagery and
programs) in the creation of approximately 50 thematic, integrated, stand alone activities that
are cohesively connected across K-5 grade levels. These activities will not only scaffold
upon each other horizontally (across one grade level), but also vertically (over multiple grade
levels). The curriculum will reflect national content and process standards for elementary
level mathematics and science education.

» develop modules around real world, scientific, and cultural contexts that resonate with all
leamers, particularly children from typically disadvantaged and underrepresented
populations.

» support the curriculum activities by developing a compact disc through which students will enter and

access data on the web, observe satellite imagery, post findings, and investigate earth systems science

at local school sites.
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Cultural Connections

These three curriculum modules are being nationally field tested at sites that reflect
diversity in cultures and ecosystems: rural southwest Virginia, rural and inner city Colorado, and
rural South Dakota. The curriculum is designed to reflect cultural values embedded earth
systems science at the different locations. Through stories embedded in the curriculum that
reflect a diversity of cultures, the following cultures are represented in the curriculum.
Appalachian culture in Virginia, Hispanic migrant workers in Colorado, African-American
culture inner city Denver, and Native American culture in South Dakota.

Curriculum Modules

Three curriculum modules are being developed for the 2001-2002 academic year: (1)

Greenlinks; (2) Global Visions; and (3) Migrations del Mundo. Access to these modules and

lessons by connecting with the Earth Systems Connection website: http://www.tandl.vt.edu/esc/.

A brief description of each module follows:

The Greenlinks learning module is designed to help students understand how green plants
play an essential role in earth systems science. In this module, students are encouraged to
investigate local habitats such as school playgrounds, local plants, and ecosystems in the region.
By documenting changes in the habitats, plants, or ecosystems throughout the school year,
students will understand factors affecting environmental changes. Through satellite imagery,
students will learn how vegetation changes throughout different seasons on a global scale.
Indigenous stories reflecting seasonal changes will be incorporated in this module.

In the Global Visions module, students begin to investigate the ways in which satellites
help to "see" the earth from a vantage point that would otherwise be impossible. Throughout the

lessons in this module, students gain a basic understanding of what satellites are, what they look
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like, how they take and create images of the earth, and what these images from space look like.
This foundational information about a satellite's use and function will provide the basis for many
of the activities in other units. Students will investigate imagery by using digital cameras to
simulate satellites. Mosaic patterns created by pixilated images will be investigated with
analogies to patterns in indigenous art.

In the Migrations del Mundo module, students will explore reasons for migration,
migrational cues, photoperiods, and migrational paths. Using data from satellites, students will
track the paths of various animals (e.g. Swainson's hawk, osprey) in relation to seasonal changes
in vegetation. Students will learn how to analyze data through graphing with coordinate systems.

Animal migrations stories from indigenous cultures will be embedded in the module.

Formative Assessment

Tﬁe curriculum is being nationally field tested in three diverse locations. Data collected
includes video taped and audio taped session with teachers, school observations, artifacts created
by children, and surveys on the effectiveness of the lessons. From the survey data, teachers were
very positive about the lessons, use-of-technology, and the likelihood they would implement the
lessons in their classroom (see table 1).
Table 1

Average scores on ESC Project Evaluation

Appropriate Student Teacher
Teacher Friendly  Student Friendly  Difficulty Directions Directions
4.74 4.53 44 4.40 4.7
Science Level Math Level Technology Level Teacher Comfort Implementation
Appropriate Appropriate Appropriate with Technology Likelihood
4.26 4.27 4.31 4.53 4.43

Note: n=120; scores based on Likert scale (5 strongly agree. . . 1 strongly disagree)
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From our interview data, we learned that the articulation of lessons among grade levels
remains a challenge. Primary teachers expressed concerns about the abstract nature of the data
collection for children and the need for developmentally appropriate lessons for young children.
For example, in discussing the Global Green Up Lesson, one primary teacher suggested that the
extrapolation of vegetation color images from a global satellite map to a chart by coloring in
matching colors would be very difficult for young children. The teacher explained:

Instead of coloring in these little blocks like this, maybe you could have that map

so you could color it on the map instead of a little box. . . it’s not that we don’t

work with it and it’s not that we don’t introduce it but where they are

developmentally, they are very concrete learners and this is very abstract.

A second teacher supported this suggestion by stating, “For first graders to make the leap from
the globe to that [flat global satellite map] is huge.” In response to this concern, ESC curriculum
developers by shared a plan to develop a concrete activity to wrap paper around a tennis ball to
show how a global map is created. Other teachers suggested mapping satellite data from
individual states: however, the curriculum developers explained the constraints of finding
available satellite data. It was also pointed out that this lesson was désignéd for fourth or fifth
grade; nevertheless, the problem of articulation of lessons among grade levels was salient in
further discussion.

From our interview data, teachers were positive about integrating earth systems science
with different cultural knowledge and perspectives. Teachers were also excited about the
possibility of communicating with teachers from another culture or geographical location. One
teacher thought that collecting longitudinal data over time in farrﬁliar areas (e.g. playgrounds)
and sharing that data with other schools was worthwhile. She explained:

What I like to do is gather data year long because a lot of these things are long

projects like seasons, watching plants and transpiration . . .they are meaningless if
you just do it once. You need to do them a long time but what would be neat




would be to gather data one year, and you could use it the year because you may

not get the opportunity to do it more than two or three times, but when you have a

background of data . . .it would be neat to compare what you have in Virginia

with South Dakota because it is so different there and also the inner city

environment.
Even though teachers supported the sharing of data through pen pals or other means,
communication and use of technology remains a significant barrier for teachers with limited time
for internet access and skills related to digitally collecting and importing data (e.g. scanning,
digital photography, attaching documents). The challenge for curriculum developers is to
de\?elop interfaces with the curriculum and CD to facilitate communication and a support system
for integrating technology into the curriculum.
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EXAMINING THE INFLUENCE OF A GRADUATE TEACHING
FELLOWS PROGRAM ON TEACHERS IN GRADES 7-12

Stephen L. Thompson, Vanderbilt University
Vicki Metzgar, Vanderbilt University
Angelo Collins Ph.D., The Knowles Science Teaching Foundation
Melvin D. Joeston Ph.D., Vanderbilt University
Virginia Shepherd Ph.D., Vanderbilt University

A huge investment in public funding, approximately 10 million dollars for the
2002 fiscal year, has been dedicated to the implementation of the National Science
Foundation's (NSF) Graduate Teaching Fellows in K-12 (GK-12) program (NSF, 2001).
In these GK-12 programs, graduate level scientists known as Graduate Teaching Fellows
(GTF) are placed in K-12 science classrooms to act as resources for science teachers.
The NSF's investment is aligned with reform documents which call for scientists and the
science education community to work together to realize the goal of scientific literacy for
all (American Association for the Advancement of Science (AAAS), 1993; AAAS, 1998;
NRC, 2000; NRC, 1996a; NRC, 1996b). Although much research has been done on
factors that influence science teachers' views of science, and ultimately the way science
teachers interpret and deliver science content, little research has been done on the impact
that this type of program will have on science teachers' teaching practice.

The purpose of the research presented in this paper is to examine the impact on

the science teachers involved in a NSF GK-12 program. This program was implemented

at a large southeastern university and the local school district. Data were collected on
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one cohort for one academic year using qualitative methods of observation and interview.
Literature

The current reform in science education in the United States includes a call for
scientific literacy for all Americans (American Association for the Advancement of
Science (AAAS), 1989; AAAS, 1993; AAAS, 1998; National Research Council (NRC),
2000; NRC, 1996a; NRC, 1996b). Reasons given for the necessity of scientific literacy
include a fairer distribution of economic opportunities and the important role of scientific
and technological understanding to inform public and private decision-making. A key
component of scientific literacy is a sound understanding of the nature of science (NOS)
(NRC, 1996a, NRC 1996b). In this study Lederman and Zeidler's definition of the NOS,
"the values and assumptions inherent to the development of scientific knowledge" (1987,
p-721) will be used. A science teacher's understanding of the NOS plays an essential role
in efforts to improve scientific literacy (NRC, 1996a, NRC 1996b). The view of the NOS
held by the science teacher influences the curriculum offered, which in turn influences
the view of the NOS held by students.

The relationship between teachers' understanding of the NOS and teacher praétice
has been studied for over ten years. The result of this research is not consistent.
Lederman and Zeidler (1987) conducted research with 18 teachers from a variety of
contexts and schools examining the impact that science teachers' concepts of the NOS

have on teaching behavior. This study found no direct relationship between teacher's

2195



perspectives of the NOS and teacher behavior. Duschl and Wright (1989) investigated
the manner and degree to which science teachers consider the nature of the subject matter
when making decisions about the planning and delivery of instructional tasks. Although
these researchers found that science teachers did not consider the NOS in their decision
making, they hypothesized that other factors may be inhibiting science teachers' ability to
teach in a manner consistent with beliefs.

Benson (1989) theorized that a science teacher's conceptions of disciplinary
knowledge are reflected in the curriculum he/she teaches, but also are heavily influenced
by institutional factors. Brickhouse (1990) examined the effect of science teachers' beliefs
about the NOS on classroom practice. She found that science teachers differed in their
views of the nature of scientific theories, scientific processes, and the progression and
change of scientific knowledge. However, she found that science teachers' views of the
NOS might be expressed in their classroom instruction. Hashew (1996) focused on
science teacher's epistemological beliefs and the impact they have on teaching. He found
that science teacher epistemological beliefs did influence teaching practice. That is,
science teachers who held constructivist beliefs had common methods of instruction,
assessment, and treated student knowledge differently than those science teachers holding
positivist beliefs. Additionally, further work done by Lederman (1999) examining
factors that facilitate or impede the relationship between teacher practice and

understanding of the NOS, found that there are factors that may impede a teacher's ability
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to teach in a manner consistent with beliefs. Among these factors are teachers' level of
experience, intentions, and perceptions of students.

The works cited above demonstrate that the view of science held by the science
teacher, even when constrained by other forces, impacts how the material is chosen,
presented and interpreted for the students in any given class. This selection, presentation
and interpretation, in turn, influences the way that students accept and acquire
information used to form their own views of subject matter knowledge. These assertions
are further supported by research done on pupils' understanding of the NOS (Soloman,
Scott, & Duveen, 1996) as well as by policy documents (NRC, 1996a; NRC, 1996b; The
National Commission on Mathematics and Science (NCMS), 2000).

The same reform documents that call for scientific literacy urge the scientific and
science education communities to work together to attain this goal of scientific literacy
(AAAS, 1993; AAAS, 1998; National Academy of Sciences (NAS), 1998; NRC, 2000;
NRC, 1996a; NRC, 1996b). The GK-12 programs implemented by the NSF represent
one of the first major attempts to form collaborative partnerships between university
scientists and K-12 science teachers working together in the school setting.. Through
these university-school collaborations, the NSF hopes to narrow the gulf between the
world of school science and the world of the scientist by increasing the level of scientific
literacy among the general population while increasing scientists understanding of K-12

science education (NSF, 2000).
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The classroom teacher is the vehicle through which reform efforts in education
are realized. Shulman (1987) was the first to conceptualize that classroom teachers had
specialized knowledge, which he termed Pedagogical Content Knowledge (PCK), a
knowledge base of teaching within specific subject areas . The National Board for
Professional Teaching Standards (NBPTS) followed up this conception by articulating
five core propositions that effective teachers possess (Standards, 2001) within the subject
area they teach. The knowledge, skills and dispositions held by the classroom teacher
within these categories influence the delivery of the enacted curriculum. Additionally,
the categories of effective teaching provided by Shulman and the NBPTS are
representative of the current standard by which effective teaching is measured. For these
reasons, it is through the lens provided by the NBPTS and Shulman that this work is
reported.

Context of the Study

The GTFs were placed in both high school and middle school science classrooms.
In some of the settings, the GTFs worked alone with a single teacher called a Partner
~ Teacher (PT). In others the GTFs were paired to work with a pair of PTs. All of the
schools the GTFs worked in had a majority of students that would be considered
disadvantaged.
The GTFs were told that their role was to collaboratively plan and deliver hands-

on inquiry-based laboratory activities with their PTs. Toward this end a workshop was
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held prior to the beginning of the school year in which two experienced teachers worked
with the GTFs and PTs to demonstrate the types of activities that might occur.
Additionally, the GTFs were given access to a large number of hands-on science Kits
produced by one of the cooperating university's science outreach organizations.

During the school year the GTFs spent ten hours in the science classrooms
teaching and five hours outside of class planning and preparing lessons. A seminar was
held every other week for the GTFs in which business matters were handled and issues
related to their teaching experiences were discussed. The GTFs were'expected to turn in
lesson plans of the hands-on laboratory activities they had completed that week during
seminar, whether or not they had developed the activities themselves. The GTFs also
were asked to develop lesson plans within their professional subject area for the entire
academic year that might be used by the other GTFs in the program. Additionally, the
GTFs took two education courses (one per semester).

Methods

Data were collected from August through May from a cohort of twelve GTFs and
10 PTs. Forms of data collection included both informal and formal interviews,
observations of classroom teaching, and observations of PT and GTF interactions. For
this paper, informal means that the data were collected without the aid of recording
equipment or through the use of a collection instrument. Field notes were taken as soon

as feasible after the conversation. Formal, on the other hand, means that the data were
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collected with the aid of recording equipment or through the use of a data collection
instrument. Initial data collection took the form of informal interviews with GTFs and
PTs. Additionally, informal observations of classroom interactions between GTFs and
their PTs were conducted. From these informal interviews and observations, formal
interview questions were formulated based on the goals of this particular grant.
According to the grant proposal, these goals for PTs included: 1) an increase in science
content knowledge, 2) an increase in the use of computer technology, 3) an increase in
the use of specific learning tools such as inquiry-based technology, 4) an increase in
communication links with learning communities, and 5) an enhancement of positive
attitudes about science.
Interviews

Interviews conducted for this research were semi-structured in nature. Initial
formal interview questions (See Appendix A and Appendix B) revolved around
individual perceptions of meeting program goals, the impact program participation had
on participants, and on ways the program could be improved. The initial interviews were
then transcribed and used to generate questions for follow up interviews. In addition,
questions for the second round of interviews stemmed from both formal and informal
observations done of the interaction between the PTs and GTFs.

Additional questions for the second round of interviews came from the

respondents themselves. One of the questions used in the second round of interviews
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asked the respondents to identify any questions that they would like to ask fellow
participants. Respondents were then asked to answer their own question. Each
participant's question was then asked of following respondents during their second
interviews. All formal interviewing took place during the second semester of the
GTF/PT collaboration.

Observations.

Informal observations of GTF and PT interactions and teaching were conducted
throughout the school year. In addition, a total of 30 formal narrative observations were
done in varying classrooms on a rotating basis, completed in a manner to ensure an equal
representation of all the contexts in which the collaborations were occurring. All formal
observations were done using a narrative observation form (See appendix C). The form
construction was guided by a series of questions that were developed based on the goals
of this particular program.

Supporting Data Collection

Other data were collected to inform, direct, support or refﬁte findings from formal
data sources. Among these forms of data collection were GTF written reflections
completed as part of one of the education courses taken by the GTFs. These reflections
were read and used to inform directions taken in formal data collection. Additionally, the
GTFs participated in a biweekly seminar conducted by the program director that focused

on their experiences in the classroom. Discussions during the seminar that focused on
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topics relevant to this paper were also used to inform the direction and development of
data collection.

Data Analysis
Interviews

Formal interviews were analyzed using the constant comparative method
(Erlandson, 1993). The first round of interviews were transcribed and coded using the
program goals for PTs mentioned in the observation section above as a supporting
framework for possible initial categories. The initial coding displayed a large amount of
data in two categories, subject matter knowledge and learning communities.
Additionally, e;lch of the two categories included a wide variety of information that
required further analysis.

At this point the other sources of data were included in the examination of data to
determine if they could provide direction for further analysis. A decision was made to
include all sources of information in one coding session in the hope that the categories of
analysis might become more clearly defined. A second round of coding then occurred.
Categories relating to the following themes were identified: Subject matter benefits and
detriments, Roles, Knowledge of Teaching in K-12 Arena, Students, Learning
Communities, Time/Planning/Impact on GTF, Computer Literacy, and Odds-n-Ends.

The categories were then examined to determine which of these categories

applied to the PTs and which applied to the other participants in this program. At this
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point a decision was made that only three categories clearly contained enough
information regarding the PTs to make any interpretations, Subject Matter Benefits and
Detriments, Roles, and Learning Communities. However, the data within these
categories still was not clearly defined enough to make any interpretations.

Questions were then created for the second round of interviews. The questions were
based on information gathered from the initial data analysis as well as from the original
goals of the program for PTs. That is, the second round of interviews followed a path
similar to the initial interviews of focusing on the program goals while at the same time
focusing on unique characteristics identified in the initial round of data collection.

The second round of interviews was then transcribed. Following transcription,
the data were coded using the existing categories as a background while attempting to
pull out distinct differences in the data within each category. As these categories began
to develop, the initial data were re-examined to determine how closely aligned the total
data collection was to the newly created categories. A decision was then made to only
address findings related to the PTs in this paper and to address other findings related to
the students, GTFs, and the program in other presentations. The following categories
emerged at this point: Subject Matter Content Knowledge, Pedagogical Content
Knowledge, and Learning Communities.

The final phase of analysis included taking these created categories and

comparing them to the NBPTS five core propositions (Standards, 2001) for teachers and
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Shulman's categories of teacher knowledge that make up a teacher's PCK (1987). These
documents contain similar and accepted categories of teachers' knowledge. By using
these categories as an outline, the categories, which this paper is based on, emerged from
the data and are reported below. These categories are, Subject Matter Content
Knowledge, Curriculum Knowledge, Knowledge of Learners and Their Characteristics,
and Learning Communities.
Observations

The observations were used to gain an accurate picture of the types of teaching
activities in which the GTFs and PTs were engaged. Areas focused on during
observations included: content covered, types of activities implemented, use of computer
technology, foles of the PT and GTF, and the interaction that occurred between all parties
in the classrooms. These observations were instrumental in painting a picture of what
was occurring in the classroom. Additionally, they served the purpose of generating
ideas to be explored during subsequent interviews.
Supporting Data

Field notes, journal entries, GTF written reflections, and informal seminar
discussions were used to inform, direct, refute, and/or support findings from more formal
data sources. Additionally, a draft of the Findings Section of this paper was provided to
all the PTs in this cohort as a final member check. Their feedback was then incorporated

into the final version of this paper.




Findings
Analysis of the data collected demonstrates that PTs working with the GTFs
increased their understanding of teaching science in a number of ways. Analysis of
findings is discussed in terms of Content Knowledge, Curriculum Knowledge,
Knowledge of Learners and Their Characteristics, and Learning Communities. Each of
these categories is mentioned as being important to teaching effectiveness either by
Shulman or in the NBPTS propositions, or both.
Subject Matter Content Knowledge
The collaboration between GTFs and PTs provided opportunities for PTs' to
increase their subject matter content knowledge. This growth occurred in a number of
forms. One form of this can be seen as a high school PT talks about working with his
GTF. As stated by Guy, a PTteaching high school engineering,
There certainly have been times when I directed toward my
GTF to say, I don't know. Most of the time I'm not
embarrassed to say I don't know in front of the class. And
it is nice having someone that I can refer to and say you
might want to ask the GTF about that.
In this form, the subject matter content knowledge sharing was publicly displayed in front
of the students in the classroom. Carrie, a GTF working on her physics degree, also

frequently encountered this in her collaboration with her PT. During one observation the

PT directed the entire class to listen to an explanation she had given to a small group of
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students. When queried about this incident during one of her interviews she stated,
He [PT] openly admitted to me in our very first meeting
that he didn't have a very strong physics background at all.
He is always asking me, "so could you explain this a little
more? Idon't know this concept. I've never understood it
very much.”.... He is not afraid at all to ask me, to freely
admit, "Well I don't know this. Ms. Adkins [Carrie], can
you help us, can you contribute to this?"

During observations of classroom teaching, numerous examples of this

public display of subject matter content knowledge interaction between

the GTF and the PTs were encountered.

These interactions were unique in a number of ways. In these interactions the PTs
were able to interact with subject matter experts on an as-needed basis. Additionally,
these interactions occurred in a setting in which the PT were comfortable, their individual
classrooms, not a science labqratory or a university workshop. Each of the factors
increased the likelihood that the PTs asked questions and gained information of relevance
and importance regarding the curriculums they teach. Additionally, both GTFs and PTs
agreed during interviews that this was one of the major benefits for the PTs in these
collaborations.

These public displays not only provided opportunities for PTs' to increase subject
matter content knowledge, they also provided an excellent example for the students in

these classes of a type of collaboration between scientists and science educators

encouraged by recent science reform initiatives. Collaboration is one element of a



learning community, another category of teacher knowledge. Through these public
displays, students in these classes were provided with models of scientific interaction that
were more realistic than those typically encountered in a school science classroom.
Some examples of opportunities for growth in PT's subject matter content

knowledge were not so public. When questioned about subject matter content
knowledge, Don, a GTF working on his chemistry degree, states that he and his PTs'
subject matter content knowledge conversations occurred in less public forums.

He claims his chemical background is pretty rudimentary

so he looks to me to ask about the periodic table and trends

and why those things are, but mostly it's behind, in the

absence of students. Just for his own sake of being able to

explain to them what these concepts are.
The same phenomena is reported by Carrie,

So when a particular topic is coming up, sometimes I kind

of explain it a little more or whatever and try to enrich his

content. So that when he interacts with the kids as well he

can kind of have a better understanding.
These statements from the GTFs are supported by interview data collected from the PTs.

PTs reported growth in subject matter content knowledge, especially those areas

in which they felt they were weakest. As stated by Kim, a middle school PT,

I do have weaknesses, like geology is not one of my strong

suits. Did they help to increase my knowledge? Yes they
did.

In this form, the GTFs acted as a sort of tutor, assisting the PTs in building a broader base
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of understanding relating to the subject matter content they teach. Additionally, this type
of collaboration between scientists and science educators also highlights a form of
collaboration encouraged in recent science reform initiatives.

The analysis of the data discussed above demonstrates that PTs working with the
GTFs in this context experienced increased opportunities to enrich their understanding of
subject matter content knowledge. This occurred in at least two forms, public and
private. The public displays highlight for all the stakeholders involved a form of
collaboration that is supported by documents dedicated to the reform of science education
in America. The second form, private, served to increase opportunities for the PTs in
these collaborations to enhance their understanding of the subject matter content. This
increased understanding of subject matter content knowledge on the part of science
teachers is also highlighted in reform documents as a necessary element in improving the
scientific literacy of all Americans.

Curriculum Knowledge

PTs in these collaborations also report they benefited from increased opportunities
to enhance their knowledge of the enacted curriculum found in materials and methods for
instruction. Anita, an experienced middle school teacher talks about curriculum
knowledge during her final interview.

That is the other thing I think I've learned from them.

There are some really simple ways to adapt things. When
you're first looking at an experiment to try and you're
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thinking, "there's no way I can do this." They've [GTF]

shown me that there are real simple ways to do things that

are not that hard.
These comments exemplify the types of comments made by PTs regarding the manner in
which these collaborations assisted them in thinking about improvement of specific
lessons or materials.

Sandy, a high school Biology teacher, echoes this type of curriculum knowledge

enhancement when she says,

I've gotten some good ideas on some new exercises or well,

just things that I've had ideas but just didn't have time to

develop.... He's added to my exercises for my students

tremendously.
Alex, a high school GTF who worked with Sandy supports this interpretation. During
one of his interviews he says,

Because she just doesn't really have as much of the

knowledge in that area [DNA technology] that I have. And

I think I brought some things...to the classroom that

wouldn't have been done in the classroom otherwise. 1

think maybe I helped reinforced the importance of that.

In addition to the enhancement of specific lessons or materials, PTs also indicated

that these collaborations influenced larger issues related to curriculum knowledge. For
example, Anita talks specifically about her view of the subject matter she teaches when

asked how this collaboration has influenced her subject matter knowledge. She states,

I don't know that I've learned more based on subject matter,
but I sure learned how to approach the subject matter in
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different ways.
Evidence to support this type of curriculum knowledge growth is found in interviews
" with GTFs as well as from observations of GTF and PT interactions.

Analysis of these data indicates that this type of collaboration enhanced
opportunities for PTs to discuss and reflect on their curriculum knowledge. Some of
these interactions dealt with the enhancement of specific lessons or materials. Other
interactions focused on teaching methods and techniques for improving student
understanding.

Knowledge of Learners and Their Characteristics

Analysis of the data indicates the PTs in this study experienced opportunities to
grow in areas related to kﬁowledge of learners and their characteristics. This lead PTs to
reconsider their own methods and styles of teaching. For example, these opportunities
influenced the way that the PTs considered students as they thought about the sequencing
of material and the structuring of content delivery.

When asked about the impact of the GTF collaboration on her students, Anita
discusses her own growth and how it has impacted her thinking about science.

It's changed the way I look at science. Iused to look at
content first and lab second and now I look at lab first and
then what content I need. So I think that is another impact

for me and the students.

These comments reflect a change in teaching practice that indicates a change in belief



about how students learn, that experience precedes knowledge. The intention of the
change was meant to improve her students' understanding of science. This change in
thinking related to her students demonstrates a better understanding of her students and
how they learn science. These comments are representative of those made by other PTs
focusing on students and how they best learn science. These comments were also
supported by GTF interview data as well as by observations of changes in PT practice.
Additional evidence to support increased thinking about students' and how they

learn on the part of PTs is found during interviews with GTFs working in other schools.
For example, Lamar, a Biology GTF, discusses this when asked about opportunities to
discuss teaching issues with his PT. He says,

I think so...he's [PT] been talking about being more

structured and methodical in his approach.... So I guess,

just based, especially with the way Jamil [GTF] comes to

class...he [PT] sort of saw what he [Jamil] was doing and

the way the kids responded.
In this instance, the PT became aware of instructional techniques that were of interest to
students and how the techniques improved student understanding.

In this form, working with the GTFs has directly influenced the growth that

occurs in the PTs' thinking related to learners and their characteristics. These
collaborations have provided the impetus for the PTs to share their dissatisfaction with

their current conceptions of their students and what constitutes effective teaching of those

students. This dissatisfaction with current conceptions of effective teaching is an

231



important indicator of thé possibility for change on the part of the PTs. Work on
conceptual change indicates that the first step in undergoing a conceptual change is
dissatisfaction with existing conceptions (Posner, Strike, Hewson, & Gerzog, 1982). This
form of growth is an indicator of the potential these collaboration have for influencing
future teacher development and practice.

Analysis of this data indicates evidence of PTs' growth in areas related to
knowledge of learners and their characteristics. Anita decided to restructure’the delivery
of content, providing the experiences before the presentation of content. The PT working

" with Lamar and Jamil decided to reorganize his own classroom structure after witnessing
the success enjoyed by his GTFs teaching in his class. Perhaps most important of all
though, is the evidence that these collaborations may influence aspects of the PTs'
knowledge base of teaching.

Learning Communities

Involvement. in this GTF program influenced the opportunities these PTs had to
participate in learning communities dedicated to improving the quality of science
instruction. This involvement will be discussed in terms of three levels of participation.
The first level is the level of the classroom. For the purposes of this paper this category
shall be called Within Class Learning Community. In this level the PTs had
opportunities to interact with knowledgeable others regarding teaching science within

their own context, the individual classroom. The second level is the level beyond the
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individual classroom called Between Class Learning Community. In this level the PTs
had opportunities to interact with knowledgeable others regarding the teaching of science
beyond the individual classroom. The third level, University Level Learning
Community, is the level in which PTs established contact with scientists and educators at
the university level. This level includes interaction that éccurred as a direct result of
involvement in this GTF program as well as interaction that occurred as an indirect result
of involvement in this program.

Analysis of data indicates that one of the main features of this program was the
opportunity for PTs to interact with knowledgeable others regarding their own teaching
practice. As mentioned above, a number of PTs indicated they had learned about their
own teaching from interaction with the GTFs. Alice questioned her own personal
philosophy of teaching, deciding that laboratory activities should precede the delivery of
content. Matt, a PT working with Lamar and Jamil, reconsidered his own style of
instructional delivery, deciding that a'more structured approach might best benefit his

- students. Both of these changes came as a direct result of in-school collaboration
between a scientist and a science educator focusing on the planning and delivery of
hands-on inquiry based laboratory activities.

The GTF interviews also support the importahce of these interactions with PTs as
being a key element in these collaborations. When asked to give recommendations for

future GTFs, Don talks about the importance of developing an interactive relationship
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with his PT. He says,

I'd tell them [GTFs] to make sure they have a really solid

foundation with your teacher.... There are differences in

reactions and that point needs to be distilled. If you're

coming from two different approaches to things, high

school teacher versus researcher, one person's constantly

thinking about simplifying things. The other person is

trying to understand deep fundamentals of some random

scientific thing.
These comments are representative of the types of comments made by several GTFs
regarding the discussion of science and science teaching related issues. These discussion
issues ranged in focus from the teaching of science (i.e. classroom management) to
information relating to highly debated issues among the scientific community (i.e. the use
and application of DNA technology). These are examples of the type of involvement in
Within Class Learning Communities the PTs experienced due to participation in this GTF
program.

PTs also indicated that participation in the program led to increased opportunities
to interact with others regarding their own teaching practice beyond the classroom level.
When asked about increased professional development opportunities, Kim states,

I think with the whole program, I thought this summer .
[orientation workshop] was very beneficial....To me that
was an opportunity for me to meet other teachers.... I
thought that was very beneficial to me, just meeting those

other science teachers.

This GTF program afforded PTs the opportunity to interact with others about their
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own teaching and issues related to science and the teaching of science. There are
multiple types of opportunities these PTs had to become involved in learning
communities focused on the teaching of science beyond the classroom level. The
opportunity to meet and work with the other science teachers in the program, and the
opportunities to reflect on their teaching in interviews and discussions regarding this GTF
program are examples of this. In these interactions, the development of a community of
learners occurred between people who worked at the classroom level, yet within differing
contexts. Theéé interactions are also representative of examples of involvement in
Between Class Learning Communities that occurred as a direct result of participation in
the GTF program.

Data analysis also indicated that the PTs in these collaborations established
connections to University Level Learning Communities. As stated by Anita when asked
about opportunities to participate in scientific learning communities,

The other thing that has helped a lot was just working with
the university. I have someone at the university I can call,
even if it wasn't a GTF.... There are a lot of people out there
willing to help that we just are so used to not having that
~ we just don't even think to call.
Sandy echoes this idea. When asked about increased opportunities to participate in
scientific learning communities because of her involvement with the program she states

the following,

I think so. Just because my name is out there more. The
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university has called me, and the SEPUP program, I don't
think I would have gotten involved in that.
These comments exemplify typical comments made regarding increased
involvement in learning communities at the university level.

PTs in these collaborations developed connections outside of the classroom due to
their involvement with the GTF program. Several shared professional development
opportunities that came about as a direct result of involvement in the program. Among
these were opportunities to become involved in classroom video conferencing'
technology, science workshops, and curriculum development. Additionally, the PTs - -
reported involvement between their classroom students and the local universities
increased as a result of participation in this grant. Included in these were opportunities
for students to participate in science competitions, field trips and video conferencing.

Involvement in this GTF program influenced the opportunities these PTs had to
participate in scientific learning communities. This involvement occurred on three levels
of participation. The first was the level within classrooms called Within Class Learning
Community. In this level the PTs had opportunities to interact with knowledgeable
others regarding teaching science within their own context, the individual classroom.
The second level was the level beyond the individual classroom, called Between Class
Learning Community. In this level the PTs had opportunities to interact with science

educators working in various contexts regarding the teaching of science. The third level

was the level of involvement in University Level Learning Communities. This level
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increased opportunities for the PTs and their students to interact with those interested in
science education at the university level. This level includes interaction that occurred as
a direct result of involvement in this GTF program as well as interaction that occurred as
an indirect result of involvement in this program.

Conclusions
Summary

A huge investment in public funding has been dedicated to the implementation of
the NSF's GK-12 programs. The NSF's investment illustrates their position that these
types of collaborations are important to the improvement of science education. However,
little research has been done on the impact that this type of collaboration will have on
science teachers' teaching practice. Science teachers are the main vehicles by which
systemic reform will be implemented. The knowledge, skills and dispositions held by the
classroom teacher influences the delivery of the enacted curriculum.

This study details the impact on the science teachers in a GK-12 program; a NSF
funded initiative designed to improve the quality of K-12 science teaching. PTs
experienced opportunities to increase their subject matter content knowledge. This
occurred both publicly and privately.

PTs in these collaborations benefited from enhanced opportunities to increase
their curriculum knowledge. In one form this lead PTs to gain knowledge related to new

or better methods to highlight a concepf or idea.
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PTs also became involved in learning communities on three levels: within
classrooms, between classrooms and with the university scientific community. These
categories are consistent with types of teacher knowledge identified both by Shulman and
by the NBPTS.

Implications

The findings of this research highlight the need to examine in more depth three
groups influenced by these collaborations, the science teachers, their students, and the
scientists. This research suggests that the PTs involved in these collaborations
experienced change in a number of areas related to their knowledge of teaching. Further
research needs to be done which examines how sustainable these changes are.
Additionally, research needs to be done which explores how these collaborations
influence teacher theory and practice after the departure of the GTFs from their
classrooms.

Additional studies on the GTFs and the students in these classrooms need to be
implemented. This research suggests a change in PTs due to this collaboration. A logical
question then becomes, how does this impact the students in these classes? Do these
collaborations influence students understanding of the nature of science? Do these
collaborations raise student scientific literacy so often mentioned as a goal of science
education and reform minded programs?

Finally, work examining the influence of these experiences on the GTFs needs to
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be conducted. Recent calls for scientists to enter the classroom have come from a
number of stakeholders involved in the most recent science education reform movement.
Additionally, the NSF has implemented a number of programs including the GK-12
programs that place scientists in the classroom. Part of this emphasis is focused on
improving scientists' relationships with, and ability to work in, K-12 schools. Work
examining how successful these programs are in increasing scientists involvement in, and

understanding of, K-12 science education also need to be done.
This paper was partially supported by National Science Foundation grant number DUE-9979578.
Findings are those of the author and not the National Science Foundation.
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Initial Formal Partner Teacher Interview Questions

1) Have you learned anything new about your subject area as a result of working with the
GTF? If so, what?

2) One of the goals of the Graduate Teaching Felldws program is to increase the use of
computer technology by the participating teachers, to what degree has this occurred in
your situation thus far?

3) In what area(s) has the increased use of computer technology been most apparent,
during instruction, for record keeping, or in some other manner?

4) Your Graduate Teaching Fellow is a member of a learning community of scientist.
How has your involvement with the Graduate Teaching Fellows program impacted your
communication with this learning community?

5) How has your professional development been impacted by your involvement with this
program? Explain.

6) What recommendations would you make to a teacher who is considering working with
a Graduate teaching Fellow next year?

7) In what ways has this program been a benefit to your students?

8) In what ways has this program been a detriment to your students?

9) Describe the students’ reactions to working with a scientist.

Appendix B
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Initial Formal Graduate Teaching Fellows Interview Questions

1) How has your training as a scientist prepared you for this experience as a-teacher?
2) What has been the greatest obstacle or obstacles in transforming your science
knowledge into an appropriate form that your students can understand?

3) Pedagogical Content Knowledge is, briefly stated, a name given for the ability of a
teacher to make subject matter understandable to students. In what ways has this
experienced impacted your Pedagogical Content Knowledge of science?

4) Describe how you and your cooperating teacher communicate about subject matter
issues.

5) Has this program impacted you view of teaching? How?

6) What has been the biggest sﬁrprise so far regarding teaching?

7) One of the goals of the Graduate Teaching Fellows program is for the Graduate
Teaching Fellows to develop an appreciation for the professionalism of teachers.
Describe what impact you think this program has had on you regarding this goal.

8) What recommendations would you give to a future GTF to help her/him make the

transition to a secondary science (middle or high school) classroom?

Appendix C
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GTF Observation Form

Date

Grade

Subject Area

Describe the content covered during class.

List the types of activities implemented during class.

Describe how computer technology was used during this class.

Describe the role of the Partner Teacher during class.

Describe the interaction between the Partner Teacher and the Graduate Teaching Fellow.

Describe the interaction between the students and the Graduate Teaching Fellow.
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ELICITING PROSPECTIVE SCIENCE TEACHERS’ CONCEPTIONS OF
THE NATURE OF SCIENCE IN MIDDLE EAST TECHNICAL
UNIVERSITY (METU), IN ANKARA.

Bugrahan Yaivac, The Pennsylvania State University.
Barbara A. Crawford, The Pennsylvania State University.

Many of the recent reform documents in science education in the United States, Britain
and Canada emphasize that scientific literacy involves understanding both scientific concepts
and the nature of science (American Association for the Advancement of Science, 1993;
National Research Council, 1996; Rutherford & Ahlgren, 1990.) The main intention of these
national and international documents is that understanding the nature of science is helpful to
relate science, and its enterprise, to the daily life of students, teachers, researchers and science
consumers as a whole society.

When we retrospectively scrutinize the science education curricula of Turkey, a country
located between Eastern Europe and Western Middle East, it is apparent that Turkey followed
many of the school reforms in the United States in the late sixties. Turkey imported many of the
United States science education programs (e.g. BSCS, CHEMstudy, and PSSC) nearly without
any detailed modification. In addition to Turkey, other countries including Canada, Australia,
Israel, and Japan adopted those reform movements from the U.S. Some others, such as Malaysia
and Nigeria, adopted their school curricula from Britain (Blades, 1997.) Many of these school
reforms in the late sixties emphasized teaching science as content knowledge aligned with the
logical positivist view of science.

New reform movements in science education emphasize that students should understand
science is tentative, subject to change, and not an absolute truth of nature; but rather it is our

(human) own understanding. From this point of view, new reform documents, some of which
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explicitly and some others implicitly, propose that logical positivist understanding of science and
its enterprise is misleading. Not only reform documents, but also many science philosophers,
historians, and science education researchers emphasize that logical positivist view of science is
not more than a dogmatic belief or a myth (Kuhn, 1962; Lakatos 1970; Popper, 1959.)

Many of the documents related to science education school reforms address the essence
of teaching the nature of science to students in science classrooms (American Association for the
Advancement of Science, 1993; National Research Council, 1996; Rutherford & Ahlgren, 1990.)
Science educators, researchers and curriculum specialists have been interested in teaching nature
of science in addition to teaching science as a content knowledge (Bell, Lederman & Abd-El-
Khalick, 2000; Blades, 1997; Deboer, 2000; Duschi, 1994; Lederman, 1992; Mathews, 1996
Turner & Sullenger, 1999.) As the allegiances of this interest, researchers and related
associations define their own understandings of nature of science and propose different strategies
in their teaching (Deboer, 2000.)

"What is the nature of science really?" is one of the questions many researchers pose
throughout their studies. Most science educators agree that the nature of science has not been
specifically defined (Lederman, 1992.) The authors predict when the "nature of science” is
portrayed, the discussion will not end. Since our understanding of the nature of science includes
the subjectivity and tentative characteristics of scientific knowledge and its enterprise, any
probable definitions of nature of science will also be tentative and subject to change. In this

respect, we are comfortable with the ambiguity of the definition of the nature of science.
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Purpose
The purpose of this study is to explore the graduate and under-graduate science education
students’ conceptions of the nature of science, in Middle East Technical University (METU)?
The sub-questions that will be helpful to illuminate the main question are:

] What do graduate and under-graduate science education students think that science is?

e  What do graduate and under-graduate science education students think about the
tentative characteristics of scientific theories?

e What do graduate and under-graduate science education students think about the role of
experiments in scientific methodology?

° What do graduate and under-graduate science education students think about the
objectivity / subjectivity and value-laden / value-free dichotomies of science?

® What do graduate and under-graduate science education students think about the role of

ethics and values in science?

Theoretical Underpinnings

Blades (1997) implies that the British and American science programs that were exported
to world-wide countries, present in orientation, spirit, and approach, the belief in the value of
inquiry and enunciation to human progress echoed in the most ancient philosophies. The
European Enlightenment era (AD. 1350-1650), through the innovations in science and art,
formed this modern expressions of these orientation, spirit and approach. Blades (1997) argues
that, the belief that inquiry in a rational science discipline can truly come to know objective
reality and this knowledge can be used to further human progress, is the foundation of
metaphysics of modernity and a modern legacy of the European Enlightenment. This belief also

includes that "knowledge of the objective world is possible through reasonable, logical,
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experimental inquiry." Blades (1997) cites Bertrand Russel's assessment in 1952, that "one
hundred fifty years of modernity have proved scientific inquiry to be an important source of
economic technique capable of transforming human life."

The question posed by Turner and Sullenger (1999), "Why this belief that school science
should mirror the dynamic of research science?", is thoughtful and innovative in terms of both
the introspective and rétrospective aspects of science. They point out that scientific thoughts are
still being "equated with logical thought in general, and offered as the most effective pedagogical
route, if not the only route, to inculcating clear and rational thinking." In this sense the curricular
documents and the reform movements have been condemned as expressing beliefs about science,
rationality, and "the mind that are as old as Bacon and Descartes".

Many of the philosophers challenged the logical positivist assumptions of science. Popper
(1959), Kuhn (1962) and Lakatos (1970) mention in their essays that the logical positivist view
of science is misleading. Popper (1959) discusses the falsification of scientific theories by
implying that there can be no absolute correctness of any scientific knowledge. He draws
attention to the fact that when we ignore the falsification of science we unconsciously demarcate
science frorﬂ nonscience. This leaves no space to discuss many of the serious social, political,
emotional or metaphysical problems of society.

Kuhn (1962) asserted that the way that we teach science does not accurately represent the
history of science. Kuhn, in his essay of "The Structure of Scientific Revolutions" retrospectively
scrutinized science and its enterprise. He interrogated absolute values and deconstructed the
causes of "scientific revolutions." Kuhn (1962) addressed the tentative and subjective
characteristics of science by referring to "paradigm shifts" in sciénce. When a theoretical

paradigm is no longer adequate to guide understanding and research in a field, a new paradigm is
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developed and adapted and "paradigm shifts" occur. Previously accepted concepts and related
research must be reinterpreted. Nothing may be what it seemed to be, despite being the same
phenomenon that is described. A new paradigm is established, incorporating social and cultural
influences of the time, and consequently, work goes on.

It is not unusual or surprising that many students and teachers think that scientific
theories and claims are the absolute truths of nature. One of the reasons for this myth may be the
textbooks and the way science is taught in schools. In textbooks and in science classrooms, most
of the scientific theories and claims are represented as absolute truths of nature. To some extent,
Kuhn deconstructed science textbooks. Kuhn (1962) claims that the aim of science textbooks is
persuasive and pedagogic. When someone views science from the science textbooks, the
scientific concepts become a body of knowledge, which is possessed as something valid, true, or
necessary. From this point of view, the practice of science cannot be seen from the textbooks
since its practice ends when someone writes the process in a textual form. What can be seen in
the textbooks is what someone decides on what scientific knowledge should be. Practicing
science from the texts becomes somehow impossible. Kuhn (1962) believes that education
perpetuates paradigms. Students accept theories on the basis of the authority of the teacher and
textbooks, not because of evidence. Applications in books are not there as proof, but because
solving them is part of acquiring the paradigm at the basis of current praxis. Textbooks only
show the discoveries that have led to them and nothing of the sidetracks, or of earlier, alternative
paradigms. On the other hand, textbooks are essential in terms of transmitting scientific
knowledge to the new generations. Textbooks, in particular, and texts related to science, in
general, can be used to illustrate the past experiences of human societies on science and

technology. Kuhn (1962) implicitly mentions the tentative characteristics of science by stating,
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“After a revolution, scientists are responding to a different world.” According to Kuhn, when
scientific paradigms change, the world itself changes with them. It is not the physical world
changes, but our view and understanding of it changes. Even though scientists use the same
instruments they had already used, and observe the same phenomenon with the same data, they
can still see something new or even contradictory to their previous conceptions.

Kuhn's ideas on science and its enterprise are valuable and significant in understanding
the nature of science. Being science educators, our aim should be to teach science as well as we
can, and reduce the possible dogmatic assumptions and myths of science that students may
construct while they are learning science from textbooks and in classrooms_. Teaching the nature
of science is essential to reducing the myths on science that students may construct while they
are learning science.

Turner and Sullenger (1999) introduce the basic assumptions of the nature of science
issues from various national and international science educational documents. Their approaches
examine the extent to which they accept the nature of science. They (1999) discuss the initiatives
of different associations on the aspect of the nature of science, such as the National Science
Foundation, the Common Framework of Science Learning Outcomes, the National Science
Education Standards, and Project 2061 Science for all Americans. They criticized these
documents as having a traditional approach to the images of the nature of science. The major
critique is that, these aforementioned documents significantly distinguish science from
nonscientific ones (demarcation of science from nonscience.) Writers complain about the
strengths of these documents in implementing the theoretical framework of scientific literacy and
the nature of science in science education. For instance, the Canadian Common Framework

emphasizes Science Technology and Society (STS) issues, where Project 2061, Science for all




Americans places emphasis more on technology and mathematics and the history of science.
Most of these documents include some aspects of the nature of science, but they are inadequate
in addressing the whole perspective of the nature of science. Turner and Sullenger (1999)
pointed out that the scientific community, for instance, is portrayed as dogmatically open,
cooperative, and antiauthoritarian by leaving no room to theoretical incommensurability or
cultural determinism. The role of éthics and values in science is weakly addressed in many of
these documents.

Longino (1990) shows how social values play a role in scientific research by illuminating
the rationale of scientific reasoning. By posing the question, "to what extent science is value-free
and independent of any group or individual subjective preferences,” Longino defines
"constitutive" values as the rules determining what scientific practice or method is acceptable.
She contrasts "constitutive" values with "contextual” values, which is referred to as the social
and cultural values of any group or individual preferences about what it should be. Longino
agrees that social, cultural and political interests of aﬁy dominant group within the society play
an important role in making scientific knowledge and its decision processes. She draws attention
to the so-called external factors (i.e. racism, sexism, ideologies, and politics) in the development
of knowledge. Longino exemplifies some of these external factors which she refers to as the
historians’ and social scientists' interests, such as Darwinian evolutionary theory and 19% century
capitalism, 19® century craniometry and racism and sexism, and sociological studies detailing
the connections between research and the interests of those conducting or supporting the research
and of the role of science in policy making. She cites what Donna Haraway claims "science is a
series of political discourses and must be read as such.” Evelyn Fox Keller argued that the

language of science has been constructed by an ideology of domination in individual




characteristics and psychological development in personalities of modern Europe and North
American societies. In scientific research, the role of social values, which can be personal, social,
moral and cultural, is one of Longino's concerns. She introduces the debates about science and
social values as values that produce bad reasoning. Longino (1990) claims that scientific
research, and its reasoning, involve neither pure social ideologies and values nor stereotypically
scientific issues of evidence and logic but both of them together as being counterparts of each
other. Science cannot be labeled as good or bad science. Values of society shape the proponents
of the integrity of science and so science itself is the extension of society in terms of its
discourses.

There is no possibility that values will produce bad reasoning so scientific inquiry should
be value-free. Science is already value and culture dependent. Hence, it can be best explained
with respect to the society and its culture. Longino (1990) indicates that the view "science is a
social knowledge" is not something new, but has already been accepted and advocated by
Marxism previously. Ethics and values that influence science and scientific researches are the
parts of the nature of science. Science educators should address the role of ethics and values in
science in their science classrooms.

There is no clear definition of the nature of science according to philosophers, historians,
sociologist, and science educators. Yet, there is consensus that science students and teachers
should know particular aspects of the nature of science. Many of the researchers (Bell et al.,
2000; Chiappetta & Felske, 2000; Deboer, 2000; Gess-Newsome, 2000, Lederman; 1992;
Matthews, 1996; Staver, 2000) agree that the nature of science is a central element in the current

movement to improve science education.



There is some consensus about the characteristics of the nature of science that students
and teachers should understand. However, from our understanding of nature of science, there
should be no limited list of the nature of science issues that one should hold. Hence, science
educators should inform the students and teachers about the philosophy and history of science
and let them construct their own understandings of the nature of science. According to Lederman
(1992) the nature of science refers to "the values and assumptions inherent to the development of
scientific knowledge." Lederman says that one's conceptions of nature of science are about her
beliefs of science and its enterprise (e.g. whether science is amoral, tentative, empirically based,
parsimonious, or a product of human creativity.)

The tentative characteristic of science explains that scientific knowledge is subject to
change with new observations, discoveries and reinterpretations of existing observations
(Schwartz et al., 2000.) Kuhn (1962) described the tentative characteristic of science by
scrutinizing the paradigm shifts in the history of science. Empirical characteristics of science
explain that scientific theories and claims originate from observations of natural world (Schwartz
et al. 2000.) The nature of science issues also include that science is a human endeavor
influenced by the culture in which it is practiced. So, different cultures may view the same
phenomena but interpret them differently. Multiple perspectives may contribute multiple
interpretations. Ethics, values, agendas, and prior experiences of cultures and/or scientists
influence the development of posed questions, hypothesis, data collection procedures, and its
interpretations. This characteristic is referred as the subjectivity aspect of science (Schwartz et
al., 2000.)

Cummins (2000) advocates that in science education programs, we need to address

prospective science teachers' conceptions of the nature of science in order to reach our goals of




science literacy about the nature of science in K-12 students. In this study science education
students’ conceptions in Middle East Technical University (METU), in Ankara, had been
studied.

Methods
Participants in Study

There are several reasons why researchers have interested in exploring Turkish students’
conceptions of nature of science. One of the reasons is the same interest with the literature that
prospective science teachers conceptions are vital in achieving contemporary reform movements
related to nature of science issues. In order to augment the science education programs all around
thé world in general, and in METU in particular, students’ conceptions of nature of science are
need to be illuminated so that any compulsory action can be taken. Another reason why we
selected the students in METU is science education students’ conceptions in developing nations
under the influence of modernism are rarely considered in the literature. Turkey has not only
been importing the educational reforms from USA since 1960°s but also many of the ideologies
that aligned to modernism since the country had been established in 1923. The findings of this
study will illuminate what the students’ conceptions of nature of science look like in a
developing nation and give sights to the potential implementations of science education
programs in colleges of educations.

The participants of this study include 25 undergraduate and graduate science education
students enrolled in the Science Education Program in METU, in Ankara. Students who graduate
from the Science Education department will most likely teach high school science in grades 8 to
11. The graduate students in science education department represent another faction of the

science education teacher population in Turkey. The medium of education in METU is in



English and the teachers graduated from the science education department are prepared to teach
science in both English and Turkish.

Students who enroll in this department generally have science and mathematics related
programs in their high school years. These science education undergraduate students take several
science courses in their first three years of program of studies. Graduate science education
students have more extensive experiences in science classes when compared to undergraduate
students.

Instrument

A questionnaire, which had been adapted from previous studies (e.g. Schwartz, Lederman
& Crawford, 2000), was used in this study. The questionnaire was modified by examining
previously administered tests, surveys and questionnaires found in literature (i.e. Cummins,
2000; Lawson, 2000; Schwartz et al., 2000; Smith, 2000.) Several experts in the science
education research field discussed the items for the validity issues of the questionnaire. The
questionnaire is in English.

The questionnaire was designed in such a way that the open-ended items would address
respondents’ understandings and thinking on the "tentative", "empirically based", "subjective"
and "value-laden"” characteristics of science and its enterprise. The questionnaire assesses 4 sub-
dimensions such as the students' conceptions on "science in general"; "tentative characteristics of
the nature of science"; "scientific methodology" and "the role of ethics and values in science."
The actual questionnaire used in the study is represented in the Appendix to the paper.

What science is and what distinguishes scientific thinking from other disciplines of
- inquiry is one of the most important aspects of the nature of science (Deboer, 2000.) The first six

questions aim to explore what the participants think about science and how scientific




methodology differentiates itself from other form of inquiries. The last two questions are
designed to illuminate what the participants think about the subjective and value-laden

characteristics of science.

Sampling Strategies, Typical Access, Data Collection

In order to connect with participants of this study, the first author visited METU in
December 2000. Specifically, being a student in the science education department was the master
criterieon for the participants of the study. For the undergraduate group of the students, the
questionnaire was administrated in a class in METU by that researcher. The confidentiality of the
data collection process, and participants' rights were explained before the administration of the
questionnaire. Participants were informed that their participation were voluntarily and
confidential. All of the students in the classroom voluntarily participated in taking the
questionnaire. Respondents had been informed that they could respond either in English or
Turkish whichever language they felt comfortable in expressing their conceptions. The time
period given to the students to complete the questionnaire was unlimited. The approximate time
for the participants to complete the test was recorded as 40 minutes. The graduate science
education students who agreed to participate in the study completed the questionnaire
individually.

Data Analysis and Storage

Undergraduate and graduate science education students' conceptions of the nature of
science were analyzed using an inductive approach (Erickson, 1986) to find common themes
across the participants written responses. Participants' responses to an open-ended Nature of
Science Questionnaire were analyzed, and the possible meanings that they mentioned were

pointed out.



Most of the participants’ responses were in English. The few responses written in Turkish -
were translated by the first author. Participants' responses were stored in an electronic database
(Microsoft Access). The advantage of storing the data in database software was, researchers
could easily access and interpret each participant's responses as well as all participants responses
on a particular item. Participants' responses had been read by the researchers, and categorized
through the readings. Researchers coded these responses. The coding process was an ongoing
process in which emerging codes were interrelated with the predetermined codes.

This study was a within-case study type in which the conceptions were considered as
being unique, rather than the individuals. It was a concept-based (where the phenomena studied
or the concepts explored are essential) rather than a subject-based (where participants or their
unique experiences are essential) study. The concepts that the participants hold and the
distributions of the subject according to their conceptions were critical to the researchers.

Findings

In fhis section, the authors describe the categorizations and summarize the students’
responses to each of the items of the questionnaire. A number from 1 to 25 has been given to
each administrated questionnaires, and each participant is represented by that number. P#x refers
to the participant where x represents that particular respondent. Students’ responses are also
being represented by graphs in the subsequent section.

What is science?

The first question of the questionnaire was; "What, in your opinion, is science? What

makes science (or a scientific discipline such as physics, biology etc.) different from other

disciplines of inquiry (e.g. religion, philosophy)?" (See Appendix). Twenty-four of the students



responded to this item. Two of the responses were found meaningless to be categorized. Totally
22 responses were categorized.

The majority of the students stated that science has a structured methodology for its
practitioners to follow. 45% of the (10 responses out of 22) meaningful responses indicate that
science has a "methodology.” Some examples of this categorization are given below:

Science requires some hypothesis, experiments and reaching conclusion
(p#7.)

In science, scientific knowledge is proved by experiments, and it depends
on observations, measurements and science is the result of wonder. It is
open to new developments and it includes some procedures like making
hypothesis, observing, gathering data, making experiments, concluding,
etc (p#8.)

One of those students responded that the main discrepancy of science from other
disciplines is the methodology it follows. This student responded as:

....The main difference between science and other disciplines is that
making science requires following a scientific method in an organized
manner (p#20.)

Six students (27%) indicated that science is an inquiry searching for absolute truth (in
nature). This perspective is consistent with the logical positivist view of science. The following
quotes illustrate some of the students’ responses.

In my opinion, science is truth, with science, you can prove everything;
evolution, electricity, water and all other things, living or non-living. This

is the difference between the science and religion for example (p#16.)
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Bilim dogrulugu kanitlanabilir ve her insan icin belli kesin sonuclari olan
ve sonuclari kisiden kisiye degismeyendir. Diger disiplinler (e.g. religion,
philosophy) lerden ayiran en onemli ozelligi bence sonuclari veya
nedenleri her kisi tarafindan farkli yorumlanamamasidir. Yani kisiden
kisiye farklilik gostermez, biyoloji, fizik gibi bilimler. Translation:
Science is something that its truth can be proven, have obvious certain
results for everyone and not subject to change. The main difference of
science from other disciplines (e.g. religion, philosophy) is that its
conclusions and consequences won't be interpreted different with every
other. In other words, the disciplines for instance biology and physics
aren't subject to change (p#19.)
In my opinion, in universe there is an explanation of everything. Science
tries to find out "true” explanation by a "systematic approach”. And
science is the result of human curiosity, it is just like a game, but it is not
easy to determine whether we've won this game (p#22.)
Science can be defined as the observation of events in order to discover
facts about them and formulate principles or laws according to these facts.
Actually, it is the body of knowledge, which is derived from observations
and experiments. Science does not change according to people. It is
unique all over the world. Science can be proven at any time (p#24.)
Three of the students (14%) thought that science is the explanation of nature. The

following response is an example of this categorization.
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Science is the explanation of what is going on in nature, what is the reason
of some events occurring, and how livings behave in several conditions
(p#23.)

Two of the students (9%) indicated that science is germane to progress. The following

responses are taken from these students' responses.
Everything [science] that makes us improved (p#18.)
... it [science] is built with all help of peoples, everyone makes progress,
the other one continues... (p#3.)

One of the students (4%) mentioned that science is a bridge between society and
technology. This view is parallel to Science, Technology and Society perspective. Her response
is represented below.

Science is a bridge between society and technology, which makes human
life easier. Science is different from other disciplines because its product is
less negotiable than others. Unless there is a new theory or fact, old ones
can be accepted. Facts can be changed with new ones that are obtained
with controlled experiments, however in philosophy there is no
expenment. In religion, facts can not be changed (p#21.)

The analysis for this item indicates that majority of the students hold similar conceptions
with what logical positivist view of science implies for science. Most of the responses represent
that students view science as a structured methodology that can come to know objective reality
(and/or absolute truth). In addition to that, the scientific knowledge is generally associated with a
linear progress. Only one of the participants implied a different perspective than the logical

positivist view of science.




What is an Experiment?

The second question was: "What is an experiment?" (See Appendix). Eight responses out
of 22 meaningful responses (36%) were categorized as "experiment is proving scientific
knowledge." The following example represents one of those students' conceptions.

Experiment is a way to prove the scientific fact, or is a way to reach a
scientific fact (p#9.)

Five students (23%) responded that experiment is a kind of "tool" or a "methodology."
Below, there are some of the example responses for this categorization.

It [experiment] is a tool for understanding of science subject, and prove
the hypothesis in science (p#7.)

Experiment is a way of problem solving and a way to answer any
scientific problem (p#20.)

In fact it is a tool which helps us to understand whatever we are trying to
understand. It gives examples from life. It just gives a simple explanation
for complex happenings, sometimes it is a way of verification some
happenings (p#23.)

Four students (18%) mentioned that experiment is "testing hypothesis". The following

responses exemplify this categorization.
Experiment is testing a hypothesis and drawing a conclusion (p#25.)
It is a way to proof or disproof the hypothesis (p#21.)
[Experiment] a way to check whether the explanation we proposed for a

certain phenomenon can be verified (p#22.)




An experiment is a trial or definite observation which is made to prove or
disprove some idea. Aims of the experiment can be different; for example,
it can be done to discover, to test or to show or illustrate something
(p#24.)
The majority of students thought that "experiment" is proving scientific knowledge in an
organized, structured manner.

Does The Development Of Scientific Knowledge Require Experiments?

The third question was: "Does the development of scientific knowledge require
experiments? Yes_ No ____, Please explain your response. Include one or more examples to
justify your positions" (See Appendix).

All of the students responded positively to that question. Their explanations are various.
Twenty-two of the participants out of 25 responded that item. Eleven students (50%) strongly
implied in their open-ended responses that experiment is a requirement for scientific knowledge.
The following responses represent this categorization.

I think, it is necessary to do experiments in order to develop scientific
knowledge. Experiments make the ideas concrete and visible to everyone,
and they also make things clear in mind. Repetition of them gives us the
chance of see and understand event whenever we want. Without an
experiments, we cannot construct true and acceptable knowledge one over
the other (p#24.)

... go in theory is only possible with experimental agreement. It is like a

finding a way in dark, by theory without experiment” (p#3.)
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Without doing any experiment, it is impossible to support or reject any
hypothesis about any scientific knowledge (p#20.)

Without making observation, carrying out experiments, it is not possible to
test our explanation, predictions (p#22.)

Four students (18%) implied that the reason of experimenting is to "theorize the scientific

knowledge." The example responses are given below.
Yes because in order to reach conclusion and make theory (p#7.)
To prove the answer that we found for our questions, and to investigate if
our hypothesis are true or not (p#14.)
Three students (14%) also mentioned experiment as a "tool' in their responses. Such as:
Scientific knowledge means that people agree with results that is obtained
with experiments. Therefore, we can say that experiments are tools to
reach scientific knowledge (p#21.)

The majority of students thought that an experiment was a requirement to reach valid,
meaningful scientific knowledge.
Does a Theory Ever Change?

The question four includes four sub-items within itself. The first item was: "After
scientists have developed a scientific theory (e.g. atomic theory, evolution theory, light theory),
does the theory ever change? Please explain your response. Include one or more examples to
justify your positions" (See Appendix.)

Twenthy-two students (88%) responded affirmatively to the question. Three students

(12%) answered "No" to the question. Six students’ explanations were meaningless to be
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categorized. 15 students’ (71%) responses imply that scientific theories are subject to change.
The example responses are represented below.

Teoriler degisebilir” Translation: “Theories are subject to change (p#1.)

A new kind of theories is proposed. There is no unique theory to explain

all properties of light, atoms, every theory is projected one point. This

means there is a possibility for the new ones (p#3.)

Theories can be considered as temporary knowledge. If theories are

proved in different positions and in different situation, theories can be

laws. If not theories can be changed (p#21.)

Four students (19%) mentioned in their responses that the change in theories is
progressive. Such as:

Technology is developing. So a change in theory can be seen. A change
theory in positive side (p#4.)

One of the 3 students (14%), who responded negatively to the question, explained her

response as: | |
No, In fact the theories doesn't change as far as I know, but other theories
are proposed by different people and new theories completes old ones
(p#23.)

The majority of the students thought that theories are subject to change. Even though it
was not explicitly asked, some of the students implied in their responses that the changes in
theories are progressive.

The second subsequent item was: "How is the theory established and justified?" (See

Appendix.) Seven students didn't answer this question. Eleven students’ (61%) responses
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indicate that a theory is established and justified through experimenting. The following responses
exemplify those responses.
By collecting data and doing experiments... (p#14.)
A theory is established and justified when all new data obtained or all new
experiments done over a long period of time support it (p#20.)
After many observations and experiments theories can be established
(p#21)
Two students' responses (11%) were parallel to Popper's falsibility idea (Popper, 1959).
Such as:
Theory is a generalization of knowledge. It does not require to justify,
until it is to be unjustified (p#11.)
If the result of observations, experiments are consistent with theory then
we can say that we fail to reject that theory however it is not so possible to
say that this theory is absolutely true (p#22.)
One student (5%) responded that she doesn’t know the answer. Her response was:
“I don't know” (p#23.)
The majority of students thought that a theory is established and justified through
experimenting.
The third subsequent item was: "Explain on what basis theories can be changed?" 10
students didn't answer this item. 4 students (26%) mentioned the role of new theory. Such as:
A theory can be changed on the basis of new findings, new data and the

results of experiments done (p#20.)
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By new views, predictions based on accumulated knowledge through
observations, experiments and logic (p#22.)

Three students’ responses (20%) were parallel to Kuhn's paradigm shift perspective. Such
as:

A new, better explained theory can change the old one (p#16.)

One student (6%) mentioned that she doesn’t know.

... I don't know (p#23.)

Students' responses to this item are not adequate to have a generalization. On the other
hand, the majority of meaningful responses mentioned that new theory was the first criteria for a
theory to change.

The fourth sub-item was: "Explain why teachers bother to teach scientific theories.
Defend your answer with specific examples” (See Appendix). Fourteen students' responses were
found meaningful to this item. Five students didn't answer this item. Four students (28%)
mentioned that the subjectivity of theories is the reason why teachers bother to teach scientific
theories. The following example responses represent this trend.

Teachers bother to teach scientific theories because they are not
completely true. Different views exist about a specific theory. These views
can contradict with each other which may lead conflict in student's mind
about the scientific knowledge (p#23.)

Because theories are not exactly true, but on the other hand theories are
not false either. For example evolution theory some of the scientists
believe that this theory is true, some of them don't believe that. In this

theory, some of the situations are not explained yet (p#21.)

266



Because they [theories] are subject to change, there're conflicting views,
without a deep understanding discussions on these theories in the
classroom may lead to confusion, e.g. evolution (p#22.)
Maybe it is difficult to defend a scientific theory. There may be conflict
between any students’ idea and the theory and teacher cannot say your
idea is wrong. Teachers like to teach laws since it is unique; it cannot be
changed, etc (p#24.)

Two students (14%) thought that the reason was because of students' lack of scientific

knowledge. Such as: |

To explain every aspect of theory is difficult, they [students] don't have
enough background, to believe its correctness and not change is easy, to
say why it cannot be is difficult. For a making compound with noble gases
are seems to be impossible, everyone said they are stable, but X changes
their mind, only the full orbital cannot explain the making compound for
all elemenfs (p#3.)

Two students (14%) thought that this was because of teachers' attempts to teach

theoretical scientific knowledge rather than the practical. Such as:

Because they [teachers] try to teach science only theoretical base, not
practical or daily life (p#9.)

Three students (21%) believed that teachers do not bother to teach theories. Such as:
No, I do not bother to teach scientific theories but some teacher may, may
be they couldn't understand the theories accurately (p#11.)

It is difficult to generalize student's responses for this item.



Difference between a Scientific Theory and a Scientific Law

The fifth item was: "Is there a difference between a scientific theory and a scientific law?
Ilustrate your answer with an example." Fourteen students (56%) thought that theories are
subject to change, but laws are more consistent and not subject to change. The following
responses are some of the examples of those students’ responses.

| Of course, theory can be change, it is not unchangeable, but laws are not

changed, they are true everywhere (p#3.)
Scientific law cannot be changed but, theory can be changed (p#16.)
Scientific theory can change, a scientific law cannot change (p#7.)
Of course, theory can be argued, some scientists may not agree with a
theory but law is a fact cannot be argued (p#9.)
Yes, scientific theory opens to any changes but scientific law doesn't
change. It's acceptable for all humans (p#12.)
Theory can be changed. Law does not change. Newton's Law: F=ma,
Einstein's theory: E=mc” (p#14.)

One student (4%) thought that there is no difference:
No, because theories are recognized as laws (p#15.)

One student (4%) wrote that she doesn’t have any idea:
I don't know (p#5.) |

One student described her position in detail:

There is a difference between a scientific theory and a specific law.

Theories are supported repeatedly with new data and experiments but still
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there is a possibility of changing. When a theory is sufficiently tested and
validated, it becomes a law and it is much more difficult to reject it (p#17.)
The majority of students thought that laws do not change, but theories do.

Scientific Theories

The sixth item has three dimensions. These dimensions can be seen in the Appendix A.
The main question was: “According to your field of study and interest, select one or more of the
following three items, and answer them."
Nine of the respondents out of 14 meaningful responses (64%) re-represented the
scientific explanation of the situations mentioned in the questions. Such as;
They [scientists] use evolutionary characteristics. Biochemical
characteristics, Genetic characteristics, Genetic characteristics, Ecological
characteristics. Make studies on these criteria and decide what a species is
(p#7.)
Interbreeding, fertile offspring, their similar characteristics (p#10.)
Scientists can determine the use of species by looking at their features
similar or not similar. And their responses to for why scientist selects one
species. They select one that reproduce more rapid than other (p#12.)
With the help of electronic microscope (p#4.)
By doing experiment, for example Rutherford's experiment (p#5.)
One student thought that;
They defined species in the best way it could be (p#15.)
Two of the students (14%) mentioned that scientists take a reference point and built their

arguments. Such as:




... do to something we should start with somewhere (p#22.)

Is Science Completely Objective and Value Free?

The seventh item was: "Is science completely objective and value free? Why or why
not?" (See Appendix.)
Twenty-one students responded to that item. Fifteen students (71%) thought science is (or
should be) objective. Some examples of these responses are represented below.
It [science] is objective since it is based on facts. Value judgments can not
be used in reaching scientific knowledge (p#25.)
Yes, completely objective, it [science] can not change person to person
(p#6.)
I think it [science] should be completely objective and value free because
it is the comment of unive-rse, reality shouldn’t be changed by scientists
(p#11.)
It [science] should be objective but the scientist” attitudes, beliefs,
ideologies affect it. But the real science is objective (p#9.)
Natural sciences should be completely objective and value-free. It should
be independent of the person. Otherwise it can not be sciencg; it can only
be a fact of persons. Feelings, values should be far away from the science.
But for social sciences, it can be more flexible. Since, for social science,
there is no empirical evidence it can be more subjective than natural
science (p#24.)
Even though, some of these students thought that science is not completely objective,

they still believed that science should be objective. This belief that scientific practice should be




objective was common for most of the participants. The following example illustrates that kind
of thinking.
I don’t really think that science is completely objective. It is possible that
scientists design experiments and test their hypothesis according to the
expected results. But, the science should not be like that. It is not always
possible to reach the predicted or desired results in science. Also scientists
are influenced by some other factors such as religious, cultural, ethical and
social factors. These also lead science to be lack of full objectivity (p#20.)
6 students (29%) thought that science is not objective. A sample respond to this is as;
I don’t think so. Since the people find it [science], there are always
subjective points. May be in nature the pure science can be found but not
people are finding (p#3.)

Societal, Cultural and Personal Beliefs

The eight and the last item was: "Are scientists influenced by societal, cultural, and
personal beliefs and ways of viewing the world? Yes __ No ____ Please explain your
response. Include one or more examples to justify your positions” (See Appendix.)

Twenty of the responses (91%) to the above yes-no item were affirmative. Only two
participants (9%) responded that “scientists are not influenced by societal, cultural, and personal
beliefs and ways of viewing the world.” When their explanations were analyzed, it can be said
that seven of the students out of 16 of them who wrote an explanation (44%) think the influence
of societal, cultural, and personal beliefs and ways of viewing the world is on what the scientists
study. None of them indicated that this influence can be on the scientific knowledge. Some of the

examples are illustrated below.
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Scientists from different cultures see the world different from each other.
This affects their study on a problem. For example, Turkish and Japan
scientists’ view about earthquake may be different (p#25.)
Of course, they influenced by societal, cultural and personal beliefs. These
create a point of view for scientists, or may be a starting point of study.
But at the end, scientific law or theory should be clear from these
subjective effects (p#24.)
Four (25%) of the students mentioned the influence of ethics, history, ideology and
religion on the scientists practices. For instance:
If a scientist does not believe in God, he tries to prove evolution, but if he
or she believes in God, will try to prove the creation and reject evolution
(p#9.)
2 of the students (12%) thought that scientists are influenced merely because they were
human, and this was the nature of being human.

Graphical Representation of Categorizations

~In this part, participants’ responses are represented graphically. For each of the sub-

questions, the related categorizations and the number of the responses have been drawn.



What is science?
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Figure 1. What do graduate and under-graduate science education students think that science
is? (These categorizations are based on the students’ responses to the 1** item of the
questionnaire. )

What is the nature of "scientific theories"?
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— change

Number of responses
[o ]

Students’ responses

Figure 2. What do graduate and under-graduate science education students think about the
tentative characteristics of scientific theories? (These categorizations are based on the students’
responses to the 4"’, 5" and 6th items.)
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What is the role of "experiment"?
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Figure 3. What do graduate and under-graduate science education students think about the
role of experiment in scientific methodology? (These categorizations are based on the
students’ responses to the 2° and 3" jtems.)

Is science objective and value-free?
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Figure 4. What do graduate and under-graduate science education students think about the
objectivity / subjectivity and value-laden / value-free dichotomies 0£ spience? (These
categorizations are based on the students’ responses to the 7 and 8 items. )

What is the influence of values of scientists?

® Decision on
7 1 what and how
6 - to study L
Ethic, history,
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No influence
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H

Students’ responses

Figure 5. What do graduate and under-graduate science education students think about the
role of ethics and values in science? (These categorizations are based on the students’
responses to the 8™ item.)

Discussion and Implications

Findings of this study suggest that the majority of the participants hold views of nature of
science aligned with logical positivism. Science was perceived mostly as structured and logical,
and if not the only, the best way of searching the truth of nature. Scientific experiments were
thought a requirement for development of scientific knowledge. That strong argument scientific
experiments are required to develop scientific knowledge may be the consequence of how

scientific methodology and experimenting are portrayed as a step-by-step process by most of the
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science textbooks and related materials (Cummins 2000.) Students should be informed about the
multiplicity of methods in constructing scientific knowledge so they may have an appreciation
that science is not merely a structured and logical methodology: “doing experiment and confined

to laboratories” (American Association for the Advancement of Science, 1993.)

More than half of the Turkish students (71%) thought theories are subject to change.
Even though it was not posed explicitly, most of them implied in their responses that this change
is progressive and hopefully achieves a thorough understanding of natural phenomena. Almost
half of them indicated that there is a possibility in the future science will find al/ the answers it
asks. This is an interesting finding of this study that should be taken into consideration. Can this
be the reason why most of the students think science is, at least should be, completely objective,

value-free and always associated with being the only ideal decision making process?

Whether science is progressive or not is open to debate from the different standpoints of
philosophies of science. In science, new paradigms come into being when the previously
accepted paradigm is no longer valuable in explaining the particular phenomenon. Kuhn (1962)
argued that newly accepted scientific paradigm as well as the theories can not be perceived as
better and/or progressive than the previous ones. This characteristic was named as
incommensurability of scientific paradigms where the comparison of the consequent paradigms
is hard to achieve. Incommensurability also accepts that there is no absolute truth that an
individual can achieve. From this point of view, explicit knowledge assumption is inapt. Thus a
linear progression in science becomes a dogmatic assumption. Scientists will choose the most
appropriate theory within the possible options, according to their values. Kuhn (1962) mentioned
that this choice is generally based on the logical and methodological codification rather than a

matter of psychological description. Though, logical and methodological procedure still does not
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stipulate a linear progression toward an absolute truth of nature. Denying the existence of
absolute truth of nature (explicit knowledge assumption) is rarely addressed in researches related
to nature of science issues. This emerging finding of this study inspired us to hypothesize a
relationship between the students” appreciation of absolute truth of nature (explicit knowledge

assumption) and their views of nature of science aligned with logical positivism.

Most of the students thought that laws do not change, but theories do. The misconception
that theories turn to be laws by the succeeding experiences is held by many of the participants of
this study. Students were not aware that many of the scientific explanations and classifications
are human constructions. Many of them also thought that science was objective. If science were
not objective, then it would not be “good science”. Good science is valued by what extent the
scientific explanation behind it was objective. Students thought that the ethics and values of
science are associated with objectivity of science. The role of ethics and values in science were
not meaningfully understood by the students. The role of ethics and values entering into and

exported from science and technology should be addressed in science education ( Yalvac, 2001.)

The limitations of this study include one method of assessment (Open-ended NOS
questionnaire, see Appendix), and a particular population of students in METU (24
undergraduate and graduate students). Data was solely collected through an open-ended nature of
science questionnaire which may not be sufficient to gather detailed robust information
(Lederman, 2000). For instance, in depth interview sessions would give more insight into the

students’ conceptions of nature of science.
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Graduate and undergraduate students’ conceptions could be compared, so that similar or
different patterns can be investigated. The factors that might affect students’ conceptions of the

nature of science can be explored with more detailed studies.
Conclusion

This study shows that most of the Turkish graduate and undergraduate science education
students view science and its enterprise aligned with logical positivism. We propose that the
nature of science issues should be addressed more specifically and/or explicitly in science
education programs in general, and in METU in particular. Students should be informed about
the multiple philosophical, historical, sociological and cultural perspectives on science and its’
enterprise. An STS education can be a way to initiate that kind of discussion (Blades, 1997).
Obviously that kind of education include discussions related to the multiple philosophical,
historical, sociological and cultural perspectives on science and its’ enterprise to the classroom.
How the participants differentiate the concepts of science and technology and its relation with
society was not explored in this study. When students’ views on the interactions of séience,
technology and society (including the roles of ethics and values entering into and exported from
science and technology) are investigated and added to the findings of this study, there will be

more sufficient information in helping to design future science education programs.

It is essential here to mention that we do not campaign all students should necessarily
hold similar conceptions, but we suggest that students should have multiple, at least not one,
perspectives of the nature of science. We agree on this merely because of the very nature of the
nature of science. If we deny the existence of absolute knowledge (explicit knowledge)

assumption, then why should one expect the nature of science should be an explicit definition?
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Appendix: The Nature of Science Questionnaire

1- What, in your opinion, is science? What makes science (or a scientific discipline such as

physics, biology etc.) different from other disciplines of inquiry (e.g. religion, philosophy)?
2- What is an experiment?
3- Does the development of scientific knowledge require experiments?

Yes No

¢ Please explain your response. Include one or more examples to justify your positions.

3- After scientists have developed a scientific theory (e.g. atomic theory, evolution theory, light
theory), does the theory ever change?

¢ Please explain your response. Include one or more examples to justify your positions.
¢ How is the theory established and justified?
¢ Explain on what basis theories can be changed?

e Explain why teachers bother to teach scientific theories. Defend your answer with

specific examples.

4- Is there a difference between a scientific theory and a scientific law? Illustrate your answer

with an example.

5- According to your field of study and interest, select one or more of the following three items,

and answer them.

¢ Science textbooks ofteh represent the atom as a central nucleus composed of protons
(positively charged particles) and neutrons (neutral particles) with electrons (negatively
charged particles) orbiting that nucleus. 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?




e Science textbooks often define a species as a group of organisms that share similar
characteristics and can interbreed with one another to produce fertile offspring. How
certain are scientists about their characterization of what a species is? What specific

evidence do you think scientists used to determine what a specious is?

¢ Science textbooks often represents that the nature of light is explained by two different
theories: particle theory and wave theory of light. Particle theory of light assumes that
photons (light) are like particles. Wave theory of light assumes that photons are like
waves. How certain are scientists about the nature of light (photons)? What specific

evidence do you think scientists used to determine what a photon is?
6- Is science completely objective and value free? Why or why not?

7- Are scientists influenced by societal, cultural, and personal beliefs and ways of viewing the

world?

Yes No

e Please explain your response. Include one or more examples to justify your positions.
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THE ELEMENTARY SCIENCE TEACHER AS RESEARCHER

Valarie L. Akerson, Indiana University
Amy Roth McDuffie, Washington State University
Overview

Elementary teachers are usually generalists, without specialty or special preparation in
either science content or pedagogy. It can reasonably be argued that their primary role is to
prepare their students to be literate adults, and thus, many are literacy specialists. Oftentimes
elementary teachers may lack confidence in teaching science (Cox & Carpenter, 1989; Perkes,
1975; Tilgner, 1990) and thus avoid science because it is not their specialty (Atwater, Gardener,
& Kight, 1991; Schoeneberger & Russell, 1986). Most elementary teachers have never
conducted a scientific inquiry, yet they are being asked to teach science as inquiry (Kielborn &
Gilmer, 1999). Even elementary teachers who are confident in their science backgrounds and
teaching approaches could benefit from conducting an inquiry project, and could improve their
teaching practice with systematic study. Though an action research project is not the same as a
scientific inquiry, it can still provide an experience similar to scientific inquiry for the teachers.
Thus, an appropriate strategy for fulfilling both a need to engage in inquiry, and a need for
professional development in science teaching would be to prepare teachers to use action, or
teacher research, in their teaching practice.
Inquiry

The National Science Education Standards (NRC’, 1996, 2000) recommend that all
science teachers continue to develop their pedagogy and content knowledge through inquiry.
Inquiry is defined as raising an investigable question, developing methods to answer that

question, carrying out those methods, analyzing the data, and reporting findings and making
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conclusions. It has been traditionally thought of as difficult to prepare elementary teachers to use
inquiry methods to teach science, partially because they may have limited science backgrounds,
and likely no experience in conducting scientific inquiry (Kielborn & Gilmer, 1999).

Giving K-8 teachers experiences with scientific inquiry has been shown to improve their
understandings of inquiry, hopefully relating to their abilities to teach using inquiry to their own
students (Kielborn & Gilmer, 1999). Additionally, learning in context is important, (Putnam &
Borko, 2000; Saxe, 1988), and thus, using research on one’s own teaching can provide a personal
context for inquiry.

Teacher Development

There have been recommendations to support elementary teachers in professional
development for both pedagogy and content for teaching science (National Commission on
Science and Mathematics Teaching for the 21* Century [The Glenn Commission Report], 2000;
NRC, 1996). Oftentimes teachers receive materials or textbooks to use for science instruction,
but no guidance in their effective use. Just getting materials does not guarantee an improvement
in teaching. Rather, it is the professional development that helps teachers effectively use the
materials that can create an improvement in teaching. However, not all curricula, materials, or
strategies are equally effective for all teachers, grade levels, and student groups. What can
teachers do to improve their own science teaching in their teaching setting? One appropriate
strategy is for teachers to conduct action research projects to actually test a teaching strategy,
materials, or curricula, with their students, to track the effectiveness of the strategy. The action
research project allows the teachers to note under which circumstances and with which students a
new strategy is most effective. It enables the teachers to have data supported reasons for using

particular strategies, and it shows the teachers, through the data and evidence collected, how
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effective new strategies can be for student learning. Teachers can make changes in their own
teaching, and use data to support the implementation of those changes.

Teacher Research

What is teacher, or action, research? Simply put, it is when the classroom teacher
conducts research on her own teaching or teaching situation. Feldman and Minstrell (2000)
describe action research as teachers inquiring into their teaching in their classrooms. The teacher
systematically designs a study, collects data, analyzes the data, and interprets and reports the
results, a process that parallels scientific inquiry. In fact, it can be defined as inquiry into one’s
own teaching. The study can be used to inform teaching practice, and develops a reflective
practitioner (Hubbard & Power, 1993). One of our preservice teachers aptly summarized her
understanding of action research based on her experiences:

You are doing something [in the classroom] and then you are asking yourself

“Does this really work?”” And you are not relying on intuition to say, “Well, it felt

like it kind of worked.” You’re actually looking for evidence to say “Does this

work?”...So, [in action research] you are going a step further than just a visual

kind of thing, an emotional kind of thing, you are looking for evidence.

Schon (1983) recommends that practitioners in any field become reflective to be aware
of, and to improve their practice. Indeed, in teacher education with the emergence of programs
based on a constructivist perspective for learning, a central goal of many programs has been
developing reflective practitioners (Christensen, 1996; Mclntyre, Byrd, & Fox, 1996). Through
reflection teachers have the opportunity to build their own knowledge about their practice from
their own experiences. It has been shown that classroom-based action research promotes
reflection on action for preservice teachers (Valli, 2000). Elementary teachers can become more

reflective of their science teaching and base deliberate instructional decisions on data (Roth

McDuffie, 2001).
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Some might suggest that elemehtary science teachers could get the same benefits in
development of teaching practice from reading other’s research reports. Reading others’ research
is beneficial, but not solely helpful at delineating practices that would work best for individual
teachers. Scott and Driver (1997) found that while researchers may be able to conduct research in
someone else’s classroom, it is difficult to interpret the results, and make recommendations for
teaching strategies because the researcher does not know the students as well as the teacher.
However, by using a teacher research approach the teacher is able to decide which approaches
are best for students. Other elementary teachers and elementary teacher educators have made
similar improvements in their science teaching from using reflective teacher research (e.g.
Akerson, Abd-El-Khalick, & Lederman, 2000; Dickinson, Burns, Hagen, & Locker, 1997).
Indeed, several studies have pointed to the importance of action, or teacher research, in
developing preservice teacher abilities to reflect on, and improve their own teaching, particularly
in the field of science, with the support of a university researcher (Chandler, 1999; Fueyo &
Neves, 1995; Scott, 1994; Stanulis & Jeffers, 1995; van Zee, 1998; Winograd & Evans, 1995).

Feldman and Minstrell (2000) described a lengthy process through which one teacher developed

a teacher research agenda and the ability to conduct action research to improve his teaching of

science. The teacher claimed that action research became a natural part of his teaching over time,
allowing him to track his effectiveness and influence on students while he is teaching.

There is evidence that elementary teachers need experience in inquiry (Kielborn &
Gilmer, 1999) and in professional development for teaching science (i.e., Atwater, Gardener, &
Kight, 1991). Action research promises to give teachers an authentic experience in inquiry on

their own science teaching as a professional development tool. Thus, it is recommended that
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teachers learn to use action research as both an approach to inquiry as well as a tool for
professional development in science teaching.

Methods for Preparing Elementary Teachers to Use Action Research

Our students completed an action research project as part of a Master in Teaching (MIT)
program. This two-year masters degree program served preservice teachers who already held a
baccalaureate degree in a field other than education and desired to become teachers. Two
primary objectives of this program were: “(1) To educate teachers to become effective
practitioners who...by bringing the inquiry method of a research university to bear on the entire
educational process. .. (2) To empower teachers as reflective practitioners by helping them
develop the multiple and critical decision making skills essential for today’s classrooms”
(University program description document). This research-based approach to developing
reflective practitioners was evident in the design of the student teaching internship.
Requirements of the internship included: twelve weeks in a K-8 school placement, solo teaching
for at least 4 weeks; writing in a reflective journal at least once each week; completing a goals
sheet at least once each week (identifying a goal for their teaching and reflecting on their success
in meeting that goal); writing lesson plans for all lessons taught; developing a unit plan;
completing at least four focused observations of teachers’ teaching and writing a report on each
observation; and completing a classroom-based action research project on their teaching.

Regarding the action research project, the preservice teachers designed their studies
during the previous semester as part of a course titled “Classroom Focused Research,” taught by
the first author. Using two texts as a framework for study (Hubbard & Power, 1993; McNiff,
Lomax, & Whitehead, 1996), the preservice teachers studied methods of designing and

conducting action research, and planned original classroom-based research projects as part of
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this course. The action research project focused on investigating a specific teaching strategy or
approach. Preservice teachers were encouraged to se]ect a teaching strategy and content area
about which they felt least secure, and in which they wanted to improve their teaching. Each
preservice teacher worked with a faculty committee consisting of a chair (with expertise in the
preservice teacher’s selected area for research) and two additional faculty members from the
Department of Teaching and Learning. The preservice teachers wrote literature reviews in their
areas of study as part of a full study proposal. These proposals were submitted to the preservice
teachers’ chairs for feedback and reviewed three times during the semester before submitting a
final version at the end of the semester. They implemented their studies the following semester
during student teaching. In the month after their student teaching internship the preservice
teachers analyzed their data, wrote and presented oral and written reports of their studies to their
faculty corﬁmittee.

Research Support and Results of Elementary Science Teachers Using Action Research-as

Professional Development

After preparing four groups of preservice teachers to conduct their own action research
projects in their internship settings, we have experienced many of the students’ frustrations and
successes. Interestingly enough, the frustrations are present predominantly in the design of the
study. Preservice teachers began with a negative attitude toward conducting teacher research,
similar to the negative attitudes with which they often come to the science methods classroom.
To be sure, there were still frustrations while in the field conducting the reseérch, analyzing the
data, and writing up the research. Most felt quite overwhelmed at the idea of conducting action

research in combination with the already challenging activities of student teaching. For example,
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one student summarized her feelings of both seeing the benefit of action research and also
feeling a bit anxious about it when she said,

I know that it’s beneficial because it’s really going to force us to plan what we are

doing. And to look at a specific area of interest to us. And to work on developing

it..., but it is daunting, definitely! It’s hard to know how data collection will fit in

with normal teaching.

Reassuring the preservice teachers that they indeed, can do both concurrently, and that
the research can support their development as a teacher, is crucial. One suggestion that has
worked for us is to invite a previous student, now in the classroom, to share their research as well
as experience conducting that research during their internship experiences. It is inevitable that
the previous student will share that the work is difficult, but worthwhile in their professional
development.

The preservice teachers generally had difficulty thinking of a researchable question,
tending to have a question that is too broad, such as comparisons of several teaching strategies
over a four-week périod, or that was focused on something extrinsic to the development of their
own teaching practice, such as playing background music while students work to see that effect.
However, with support from the course instructor, and each student’s individual discipline chair,
feasible designs that focus on teaching strategies were completed, and the preservice teachers
then implemented these in their internships.

When the preservice teachers completed writing their final reports of their action research
was where the successes really shine. They were excited to share their new-found, data based
knowledge. It was evident from their animated presentations that they were excited about their
results, and were anxious to share their information with others. Many chose to also present their

work at a University-wide Research Symposium, competing with all disciplines. In fact, in two

of the last three years of the symposium, top prizes were awarded to education student projects,
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which was a wonderful feat given the judges are multidisciplinary and the students were
competing against the hard sciences as well as social science studies. Many of the science action
research projects have also been presented at national conferences (Akins & Akerson, 2000,
Baker & Roth McDuffie, 2000; Bohrmann & Akerson, 2001; Burke & Akerson, 2002; Dickinson
& Reinkens, 1997; Jardine and Roth McDuffie, 2001; Kelso & Akerson, 2000; Liu & Akerson,
2001; Nguyen & Roth McDuffie, 2001; Nixon & Akerson, 2002; Pringle & Dickinson, 1999;
Stine & Akerson, 2001; Wright & Dickinson, 1999;) Additionally, one preservice teacher’s work
has been published in a peer reviewed journal (Bohrmann & Akerson, 2001), two are in press in
peer reviewed journals (Akerson & Reinkens, 2001; Liu & Akerson, 2002) and another is under
review (Akins & Akerson, 2001). Undergoing the extra work required to present a paper at a
national level, as well as submit and publish a paper in a peer-reviewed journal speaks volumes
to the value these preservice teachers placed on their work. Nonetheless, they needed support in
these endeavors, and it is unlikely that any would have pursued disseminating their work to a
wider audience were it not for support from a university researcher. It is also the case that these
preservice teachers would be unlikely to initially engage in action research and attempt different
approaches to teaching and learning were it not for being required to do so, and being supported
by the university researchers. A student spoke directly to this issue when she said:

[Another preservice teacher] and I were talking on the phone the other day, and

she said “Wouldn’t it be easier if we didn’t have to do the research projects?”” And

I said, “Yeah, you know, I had thought about that too. It would have been a lot

easier.” And then...I realized that it pushed me out of that comfort zone, at least

in [the one area I was researching]. Where if I didn’t have that requirement I

would not have worked at incorporating new ideas in teaching. I asked her, “Do

you think you would have done what you did in {innovative teaching] if you

hadn’t done the research project?”’” And she said, “No!” So if nothing else, it

pushes us out, at least in one content area, out of our comfort zone [to try
something different].



One preservice teacher stated that “including action research is the difference between
just working and being a professional.” Another stated, “I hate to admit it, but doing the action
research project forced me to test teaching methods I may not have otherwise tried. And it made
me think about what I was doing.”

Thus, we have found evidence that action research has helped with the professional
development in science teaching of our preservice teachers. It has also given them an authentic,
meaningful, contextualized inquiry experience.

Recommendations for Including Action Research in Elementary Science Teacher Development

We have had successful experiences in using action research for elementary science
teacher development. The teachers with whom we have worked have received professional
development opportunities as they research, in their own classrooms, how strategies for teaching
science work with their students. Additionally, these teachers have experienced an authentic
inquiry project. While not the same as a scientific inquiry, the process parallels what scientists
do, particularly social scientists, and gives them a model of inquiry they may choose to have
their students use.

From our experience in using action research to help preservice elementary science
teachers both improve their teaching of science and undertake an authentic inquiry experience,
we have six recommendations. These recommendations include (a) emphasize that preservice
teachers focus on a meaningful, researchable question that focuses on their teaching practice, (b)
encourage preservice teachers to select areas for research about which they are least familiar, (c)
provide university support for the preservice teachers throughout all phases of the project, (d)

focus preservice teachers on a stringent research design, (¢) encourage students to realize they
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can conduct the research project, and (f) encourage preservice teachers to disseminate the results
of their studies.

First, preservice teachers should select a research question that is meaningful to them,
and that focuses on their teaching practice. If the requirement to focus on teaching practice is not
there, then the preservice teachers may choose a research question that is not conducive to
professional development. For instance, preservice teachers could select a project that studies the
effects of natural light on student science performance. While this could, in theory, be argued to
be a valuable study, it would not lend itself to professional development of science teachers.
Thus, preservice teachers should focus on designing studies that focus on development of their
science teaching, such as using conceptual change teaching strategies to promote student
learning, or exploring interdisciplinary approaches to teaching science.

If preservice teachers could choose to study any teaching strategy or content area they
wish, they would often select a literacy focus. Yet they often need the most professional
development in areas they would not choose to study, such as science. It is for this reason that we
recommend encouraging preservice teachers to design studies that can help them improve their
teaching of subjects for which they feel the least confident. Once they implement teaching
strategies, and collect and analyze data attesting to the effectiveness of the strategy, they may
feel more comfortable about using it, and teaching that content area. They will, at the very least,
have more experience in teaching that content area than they would if they had conducted a
literacy study.

Third, university faculty should work closely with preservice teachers throughout the
entire process of designing the studies, data collection and analysis, and writing. Regular

feedback during each phase is essential for students new to research. Helping preservice teachers



design viable, meaningful studies, as well as collect and analyze the data, is very important. As
part of this process, university faculty need to encourage students to think carefully about the
implications of their findings. Often students report findings and end their research report
without interpreting these findings for their own practice and for others’ practices. For example,
in Nixon and Akerson (2002) the preservice teacher originally concluded her paper with the
result that her elementary students’ interpretations of their own science investigations became
more superficial when constrained by various writing forms in her attempt to investigate how
science can influence language arts skills. When asked to think about interpreting this result, she
realized that while science and language arts can be thought of as interdisciplinary at times, there
are still times where disciplinary instruction is most appropriate in each. Appropriate disciplinary
instruction allows for appropriate development in each discipline, and for teachers to help
students to meet each discipline’s objectives. Without prompting from her university mentor, she
may have missed interpreting this finding, and more generally, she may not have thought beyond
the data.

Fourth, focus preservice teachers on a stringent research design. They will learn little
about inquiry without a robust design, and will gain valuable insight in both inquiry and
educational research with a good design (Lederman & Niess, 1997). Again, preservice
elementary teachers have had little, if any, experience in conducting inquiries, thus they will
require support. Preservice teachers should conduct a fairly thorough literature review while
designing their studies and prior to data collection. Through this process they: gain an
appreciation for “what is educational research” from reading others’ work (clarifying the
difference between systematic research and simply reflecting on practice); clarify their own

research questions/problems; and certainly learn what we already know/have established in the




field. While most of our work has been with preservice teachers, one inservice teacher who took
a “Teacher as Researcher” methods course stated, “Just reading about all the research related to
my study helps me see how my teaching might change.” Thus, even the act of reading related
research can help teachers see a need and process for change. In our program, the review of
literature took place in the research course semester, and required preservice teachers to review
at least five outside empirical research sources as backgrounds for their own study. As their work
progressed, even through data collection and analysis, most preservice teachers continued to read
related research, and modify their literature review. Thus, they spend almost an entire school
year reviewing related research, and their final literature reviews are much longer than the
original five required.

As part of a stringent research design, preservice teachers should develop carefully a plan
for data collection and analysis. This plan may include a timeline for these activities. Even if the
students deviate from this plan during the study, having a structure in place helps them to stay
focused on their research when the demands of teaching might pull them away. This plan will
help them see the nature of scientific inquiry—a plan for investigation that can deviate as the
investigation is conducted.

Fifth, preservice teachers need encouragement that they can actually conduct a
meaningful inquiry on their science teaching. Again, they are generally quite intimidated about
the project especially in the early stages of the design of the study, but continue to need
encouragement throughout the study. Beyond the course the preservice teachers take to design
their studies, we advocate monthly seminars at which they bring questions, data, problems, or
other matters for discussion. These monthly seminars have been approximately one and a half

hours in length. The focus is on the preservice teachers’ inquiries. The format is informal,



allowing the preservice teachers to raise questions regarding data collection, analysis, and
interpretation, and to receive feedback from both their peers and a university researcher.
Additionally, the preservice teachers should be encouraged to maintain contact with their
university chairs during the entire implementation of their plans.

Finally, we recommend encouraging preservice teachers to disseminate the results of
their research. When the preservice teachers recognize that their research can reach a wider
audience, they are more determined to design a more stringent plan and more thoroughly
examine implications of their findings. They realize that the results of their research can not only
benefit them and their own teaching, but also other teachers and teacher educators. This makes
the action research a valuable addition to their development as elementary science teachers. It
gives them the knowledge that their work is important, and given the fact that other teachers and

teacher educators will read their work, could boost their confidence in teaching science.



References

Akerson, V. L., & Reinkens, K. A. (in press). Preparing preservice elementary teachers to teach
for conceptual change: A case study. Journal of Elementary Science Education.

Akins, A. & Akerson, V. L. (under review). Connecting science, social studies, and language
arts: An interdisciplinary approach. Educational Action Research.

Akins, A. & Akerson, V. L. (2000, January). Connecting science, social studies, and language
arts: An interdisciplinary approach. Paper presented at the annual international meeting
of the Association for the Education of Teachers in Science, Akron, OH.

Baker, A. & Roth McDuffie, A. (2001, October). Equivalence: Concept building in a fifth grade
classroom. In R. Speiser, C. Maher, & C. Walter (Eds.) Proceedings of the Twenty-Third
Annual Meeting of the North American Chapter of the International Group for the
Psychology of Mathematics Education, Snowbird, Utah (pp. 389-390): ERIC
Clearinghouse.

Bohrmann, S., & Akerson, V. L., (2001, January). Improving girls’ self-efficacy toward science.
Paper presented at the annual meeting of the Association for the Education of Teachers in

Science, Costa Mesa, CA.

Bohrmann, M. L., & Akerson, V. L., (2001). A teacher's reflections on her actions to improve
her female students' self-efficacy toward science. Journal of Elementary Science
Education, 13 (2), 41-55.

Christensen, D. (1996). The professional knowledge-research base for teacher education. In J.
Sikula, T. Buttery, & E. Guyton (Eds.), Handbook of research on teacher education:
Second edition (pp. 38 — 52). New York: Macmillan.

Dickinson, V. L., & Reinkens, K. A. (1997, January). Mr. Reinkens’ neighborhood: Can you say
‘conceptual change'? Paper presented at the annual international meeting of the
Association for the Education of Teachers in Science, Cincinnati, OH.

Feldman, A., & Minstrell, J. (2000). Action research as a research methodology for the study of
teaching and learning of science. In A. E. Kelly and R. A. Lesh (Eds.) Handbook of
research design in mathematics and science education. Mahweh, NJ: Lawrence Erlbaum

Associates, Publishers.

Hubbard, R., & Power, B. (1993). The art of classroom inquiry: A handbook for teacher
researchers. Portsmouth, NH: Heinemann.

Jardine, T. & Roth McDuffie, A. (2001, October). Cooperative learning in a fifth grade English
as a second language mathematics class. In R. Speiser, C. Maher, & C. Walter (Eds.)
Proceedings of the Twenety-Third Annual Meeting of the North American Chapter of the
International Group for the Psychology of Mathematics Education, Snowbird, Utah (pp.
675-676): ERIC Clearinghouse.

296



Kelso, R., & Akerson, V. L., (2000, January). Math connections: Science and engineering
applications in an elementary classroom. Paper presented at the annual international
meeting of the Association for the Education of Teachers in Science, Akron, OH.

Kielborn, T. L., & Gilmer, P. J. (Eds.) (1999). Meaningful science: Teachers doing inquiry +
teaching science. Tallahassee, FL: SERVE.

Lederman, N. G., & Niess, M. L. (1997). Action research: Our actions may speak louder than our
words. School Science and Mathematics, 97, 397-399.

Liu, Z., & Akerson, V. L. (2001, January). Science and language links, Paper presented at the
annual meeting of the Association for the Education of Teachers in Science, Costa Mesa,

CA.

Liu, Z., & Akerson, V. L. (in press). Science and language links: A fourth grade intern’s attempt
to improve science inquiry skills through language arts. Electronic Journal of Literacy,
Technology, and Science.

Mcintyre, D. Byrd, D. & Foxx, S. (1996). Field and laboratory experiences. In J. Sikula, T.
- Buttery, & E. Guyton, Handbook of research on teacher education (pp. 171 — 193). New
York: Macmillan.

MCcNiff, J., Lomax, P., & Whitehead, J. (1996). You and your action research project. New
York: Routledge.

National Commission on Mathematics and Science Teaching (2000). Before its too late [The
Glenn Commission Report]. Washington DC: U.S. Department of Education.

National Research Council (1996). National science education standards. Washington DC:
National Academy Press.

National Research Council (2000). Inquiry and the national science education standards: A
guide for teaching and learning. Washington DC: National Academy Press.

Nixon, D., & Akerson, V. L. (2002, January). Building bridges: Using science as a tool to teach
reading and writing. Paper presented at the annual international meeting of the
Association for the Education of Teachers in Science, Charleston, NC.

Nguyen, L. & Roth McDuffie, A. (2001, October). Problem solving in mathematics: Barriers to
problem-centered leamning. In R. Speiser, C. Maher, & C. Walter (Eds.) Proceedings of
the Twenty-Third Annual Meeting of the North American Chapter of the International
Group for the Psychology of Mathematics Education, Snowbird, Utah (pp. 571-572):
ERIC Clearinghouse. .



Pringle, R. L., & Dickinson, V. L. (1999, January). Classroom learning activities that generate
the most participation in middle school science. Paper presented at the annual meeting of
the Association of the Education of Teachers in Science, Austin, TX.

Putnam, R., & Borko, H. (2000, January-February). What do new views of knowledge and
thinking have to say about research on teacher learning? Educational Researcher, 29, 4 —
15.

Roth McDuffie, A. (2001). Fostering the process of becoming a deliberate practitioner: An
investigation of preservice teachers during student teaching. Paper presented at the
annual meeting of the American Educational Research Association, Seattle, WA. (ERIC
Document Reproduction Service No. ED346082).

Saxe, G. B. (1988). Candy selling and math learning. Educational Researcher, 17, 14-21.

Schon, D. (1983). The reflective practitioner. San Francisco, CA: Jossey-Bass.

Stine, E. O., & Akerson, V. L. (2001, January). Determining how to use graphic organizers in a
sixth grade science classroom. Paper presented at the annual meeting of the Association

for the Education of Teachers in Science, Costa Mesa, CA.

Valli, L. (2000). Connecting teacher development and school improvement: Ironic consequences
of a preservice action research course. Teaching and Teacher Education, 16, 715-730.

Wright, A. F., & Dickinson, V. L. (1999, January) Integrating Technology into the Science
Classroom. Paper presented at the annual meeting of the Association of the Education of
Teachers in Science, Austin, TX.



PRESERVICE SECONDARY SCIENCE TEACHER APPRENTICESHIP
EXPERIENCE WITH SCIENTISTS

Sherri L. Brown, The University of Tennessee
Kim Bolton, The University of Tennessee
Nancy Chadwell, The University of Tennessee
Claudia T. Melear, The University of Tennessee

Theoretical Framework

According to the National Science Education Standards (National Research Council,
1996), Standard A states that science students must have the abilities and understandings
necessary to do scientific inquiry. The standards explicitly state that small groups of students
should hyr::thesize from prior experiences, construct explanations, evaluate explanativns, design
investigations, conduct experiments, gather data, analyze data, conduct peer reviews,
communicate arguments, and reflect on the inquiry process.

Benchmarks for Science Literacy (American Association for the Advancement of
Science, 1993) describe inquiry in detail stating that students who participate in authentic
scientific investigations have a reasonably accurate picture of inquiry in real science. The
Benchmarks state kindergarten students should be involved in exploring phenomena. With
advancement to the higher grades, students should be involved in hypothesizing, investigating,
data collecting, data manipulating and presenting. The Benchmarks ambitiously affirm that the
students should be involved in at least one major investigation, where the student frames the
question, designs the approach, estimates the time and cost, calibrates the instruments, conducts
trial runs, writes the report and responds to criticism. If the student participates in “progressively
approximate good science, the picture they come away with will likely be reasonably

accurate”(AAAS, 1993).



At the state level, states have incorporated inquiry into their teacher preparation
standards. For example, Tennessee Teacher Licensure Standards state that the preservice teacher
must have the knowledge and skills to accomplish the following: “demonstrate processes of
science such as posing questions, observing, investigating phenomena, interpreting findings,
communicating results and making judgments based on evidence and design” and “conduct
inquiry-based, open-ended investigations” (p. 8-1, State of Tennessee State Board of Education,
1997). Additionally, as of September 1, 2001, Tennessee licensure guidelines dictate that all
preservice science teachers will engage in an open-ended inquiry of long-term duration within
their major. (p. 8-7, State of Tennessee State Board of Education, 1997).

At the national level, the National Science Teachers Association, NSTA, in association
with the National Council for Accreditation of Teacher Education, NCATE, require the
following standards for pre-service science teacher preparation:

e 1.1.1.C Conducts limited but original research in science, demonstrating the
ability to design and conduct open-ended investigations and report results in the
context of one or more science disciplines (p. 2)

e 3.1.1.A4 Plans and implements data-based activities requiring students to reflect
upon their findings, make inferences, and link new ideas to preexisting knowledge
(p.13)

e 3.]1.1 B Plans and implements activities with different structures for inquiry
including inductive (exploratory), correlational and deductive (experimental)

studies (p.13)

o
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e 3.1.1.C Uses questions to encourage inquiry and probe for divergent student
responses, encouraging student questions and responding with questions when

appropriate (p. 13) NSTA/NCATE,1998).

Additionally, two National Science Education Teaching Standards address inquiry explicitly.
Standard D states that teachers should “structure the time available so that students are able to
engage in extended investigations and create a setting for student work that is flexible and
supportive of science inquiry;” while, Standard E states that teachers should “model and
emphasize the skills, attitudes, and values of scientific inquiry” (National Research Council,
2001).

In order for science teachers to facilitate student inquiry efforts, teachers must be able to
perform investigative experiments utilizing appropriate sample size, controls, duplicates, data
collection and scientific writing. To equip teachers with such an experience, teacher preparation
programs are implementing various strategies for obtaining inquiry methodologies. An entire
strand, Strand 4 Teacher Education, is devoted to science teacher preparation reform from the
National Association for Research in Science Teaching INARST) presentations (NARST, 2001).
The strand presentation, conducted March 2001 in St. Louis, included various session titles with
the following key words: inquiry-based science, authentic science, teacher preparation reform,
and constructivist science. These key concepts, as defined by researchers in the field of science
education, explicitly address the implementation of an authentic inquiry classroom environment
required by the National Science Education Standard A. Some titles from the NARST Strand 4

presentations are:
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e Teachers Learning About Nature of Science in Authentic Science Contexts: Models of
Inquiry and Reflection (p. 53)

e Teachers’ Beliefs About, Perceived Implementation of, and Demonstrated Classroom
Use of Science Reform Principles (p. 44)

e Arizona Collaborative for Excellence in the Preparation of Teachers: The Reform of the
Professional Preparation of Science Teachers (p. 83)

o Improving the Connection Between Pre-Service and In-Service Teacher Education (p.
67)

o Inquiry in Scientific Communities and Teachers’ Perspectives on that Inquiry (p. 93)

e Narrowing the Theory-Practice Gap: First Year Science Teachers Emerging From a
Constructivist Science Education Program (p. 67)

o Learning to Do Research: Struggles to Develop Causal Questions (p. 40)

Understanding and Teaching Scientific Inquiry: An Evaluation Study of a Statewide
Professional Development Program (p. 40)

e Bridging Classroom Inquiry and Preservice Preparation: Using Multiple.
Representations to Teach Mathematics and Science (p. 40)

o The Use of Open Inquiry Projects in Science Methods Courses: Implications for
Subsequent Classroom Practice (p. 40)

o Toward Inquiry-Centered Science Teaching and Learning: Classroom Research Into an

Elementary Science Methods Course (p. 75) (NARST, 2001).

The previous titles are based on educational reform of science teacher preparation; the
researchers presented the reform method implemented at their particular university or institution.

Some research is the implemented idea only; while, some research includes statistical data on the
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effectiveness of a particular methodological approach. The science teacher preparation methods
varied from implementations in the methods courses, to the science courses, to the K-12 schools.
The goal of the varied reform implementations is to provide preservice teachers the skills and
experiences to effectively utilize a constructivist inquiry—based approach in a K-12 setting.
The Science for All Americans (1990) text, coinciding with the Project 2061

Benchmarks, explicitly defines the scientific world view, scientific methods of inquiry
and the nature of the scientific enterprise. The authors state that

scientists share certain basic beliefs and attitudes about what they

do and how they view their work. These have to do with the

nature of the world and what can be learned about it . . . Scientific

inquiry is not easily described apart from the context of particular

investigations. There is simply no fixed set of steps that scientists

always follow, no one path that leads them unerringly to scientific

knowledge...Although features are especially characteristic of the

work of professional scientists, everyone can exercise them in

_thinking scientifically about many matters of interest in everyday

life. (p. 2 & 4)
Since tacit knowledge of the scientific discipline is inherent in the context of that particular space
and time, science teacher preparation institutions can utilize the science research facilities at their
particular institution to introduce preservice teachers to the realm of the scientific enterprise and
environment. This particular approach is used at a large southern Research I institution in the
Spring of 2000. The goal of the apprenticeship opportunity is to teach preservice teachers about
true authentic science by pairing them individually with a “real” scientist doing “real” science.
Therefore, the preservice science teacher’s research experience is grounded in the field; the
preservice teachers do scientific research at the bench alongside the elbows of a “real” scientist.

By using the apprenticeship model, science teacher educators provide a “real” science laboratory

experience, where the knowledge is transferred from the expert scientist to the novice preservice.
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Apprenticeship Models

Schwartz, Lederman, & Crawford (2000) conducted and analyzed an apprenticeship
model at a mid-sized Western university. Their study measured Nature of Science (NOS) beliefs
—not inquiry abilities—by analyzing interviews, reflective journals, data journals, participant
observations and pre- and post-questionnaires. The overall finding of their study “suggested
[that] the perspective held by the intern is perhaps the most critical factor in determining the
learning outcomes in regard to NOS.” The participants needed a philosophical perspective
combining NOS and inquiry; the researches believed that “doing science is insufficient for one to
adequately understand the NOS.” This particular model was utilized at a different college site
with slight variations in the research expérience; however, the results depicted the same NOS
conceptions (Westerlund, Schwartz, Lederman, & Koke, 2001). As stated earlier, these particular
studies were not measuring inquiry capabilities; however, they were examples of apprenticeship
models incorporating an authentic science experience into their teacher preparation programs.

A northeast land-grant institution and the National Radio Astronomy Observatory at
Green Bank, West Virginia were the sites for another apprenticeship model experience (Pyle,
Obenauf, Heatherly, DiBiase, Hemler, Govett, Evans, Gansneder, 1997). This model placed
preservice and inservice teachers in a one to two-week summer research experience at the
astronomy laboratory in Green Bank. Teachers conducted inquiry experiments with available
science mentors and observatory equipment. From a generalized research problem, the teachers
formulated research questions, collected and analyzed data and finally presented such data to the
group. After the apprenticeship experience at the institute, the teachers planned, developed,
implemented and evaluated a student-centered inquiry-orientated scientific investigation for their

school. To reinforce the apprentice research inquiry experience, teacher educators utilized
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inquiry methods in their method’s courses. Lastly, to increase the research transference into the
¢lassroom, all attempts were used to place the preservice science teacher with a mentoring
teacher who was a previous Green Bank institute attendee.

Hemler (1997) researched the Green Bank program by examining the effectiveness of the
preservice apprenticeship component at the astronomy laboratory. From her classroom
observations, Hemler (1997) cited “five projects of the seven implemented by participants [as]
successful research experiences for students.” Hemler’s study contended that the astronomy
laboratory apprenticeship remains a “viable constructivist model for exposing preservice teachers
to science research and transferring that experience to the classroom.”

The program Science For Early Adolescence Teachers (Science FEAT) utilized the
apprenticeship model for practicing middle school science teachers in North Florida and South
- Georgia (Spiegel, Collins, & Gilmer, 1995). As reported, these particular middle school science
teachers had never “engaged in the practice of science nor fully understood what scientists do.”
Their apprenticeship involved 15 research facilities and provided 25 research opportunities,
supporting a possible 81 placements. The FEAT science teachers “spent 75-100 hours during
five weeks engaged in some aspect of research at a level beyond that of a technician. Also, each
group produced a publishable quality abstract and presented a poster of their research.” In
regards to the poster quality, one participating scientist responded that he “could have taken any
of those posters to a regional American Chemical Society meeting.”

. University of Tennessee Apprenticeship Model

This research study addresses the apprenticeship science course offered at the University
of Tennessee. This science course was designed to meet the state mandated licensure component

that all preservice science teachers conduct or be involved with a long-term scientific



investigation within their major. The course was first offered in the Spring of 2000 in response
to preservice teachers’ scheduling conflicts. Some science preservice teachers were unable to
sign up for the Fall 1999 graduate science course “Learning and Teaching Science — Just Do It”
(Melear, Goodlaxson, Warne, & Hickok, 2000).

In order to meet Tennessee licensure guidelines, the course requirements included nine
weekly hours with the scientist, six seminar meetings with the science educator, and one final
research symposium. Three graduate science credit hours were awarded for the completion of
these requirements. The preservice teachers scheduled nine or more hours in the scientist’s
laboratory to work on a particular aspect of research. All seven preservice teachers gathered for
a round-table discussion to reveal their research progress to the science educator, whb
volunteered her time, support, and guidance. A final symposium was held at the end of the year
upon which preservice teachers presented their research results to all of the participating
scientists and preservice teachers. The preservice teachers logged raw data, transformed data,
and explained results in their scientific logbooks. Additionally, the preservice teachers reflected
on the apprenticeship experience by writing in a personal journal the details of their frustrations,
elations, set-backs and accomplishments. The preservice teachers submitted a final summary
paper of their reflective journal.

Apprenticeship Model Theory

The apprenticeship novice/expert model was grounded within current science education
research. Duit and Treagust (1998) stated “in the apprenticeship model, [that] the novice learner
gets to be an expert through the mechanism of acculturation into the world of the expert.” When
the novice preservice teacher entered the scientific laboratory of the expert scientist, the research

experience was authenticated in a manner that educational methods or traditional science courses
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cannot replicate. The term authentic, as defined by Roth (1995), was “the activity in which [the]
learner engages has a large degree of resemblance with the activity in which core members of the
community actually engage.” The apprenticeship model included the theories of social
constructivism (Vygotsky, 1978) along with situated and distributed learning (Roth, 1995). The
novice tacitly acquired methodological and procedural knowledge from the interpersonal or
social interaction with the scientist. The novice then intrapersonalized, or individualized, this
information.
Methods

Three primary researchers triangulated the interview transcript, laboratory journal, and
reflective summary data to examine the apprenticeship program participants’ experience. Di1ring
the apprenticeship, the preservice teachers wrote in a bound laboratory notebook and personal
reflective journal. At the end of the laboratory study, the student/novice wrote a short paper
about their experience. Approximately one year after the apprenticeship experience, the
researchers performed a short interview of the participants. The transcribed interview data was
the participant’s disclosure of their “real experience” of the science laboratory apprenticeship.
The purpose of this study is to determine if there was transference of the apprenticeship
experience into the classroom setting during the internship year.

Research Questions

The central question of this study is:

What is the value of a novice/expert apprenticeship between a scientist and preservice teacher at
the University of Tennessee?

The primary and secondary interview questions are:

Describe the experience.
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How involved were you in the design of the study?
Design an experiment.
What does a scientist do?
How did the course prepare you for teaching?
How could you use this experience in the classroom?
Participants

Three of the seven pre-service science teachers involved in the apprenticeship program
participated in this study. At the time of the interview in Spring 2000, all three were completing
course requirement for teacher certification. Two of the three participants had conferred biology
degrees, while one had a biology minor. All three female participants were teaching two science
courses at a local high school in order to complete certification requirements to obtain biology
certification at the secondary level. The three novice teachers, their corresponding expert

scientists, and their research topics are listed in Table 1.

Please insert table here.
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Table 1

Three Novice/Expert Participants and Research Topics

Preservice teacher® Scientist® Research topic
Lynne Dr.M Effects of shade treatment on
Dr.C rhizome growth of Helianthus

eggertii (Asteraceae)

Michelle Dr. S Distance test for catilipsis of
Agelenopsis aperta

Val Dr.G Echolocation call of the Mexican
free tailed bat (Tadarida
brasiliensis) at high altitudes

Note. Pseudonyms are used for actual names of the “preservice teachers and “scientists.

Data Analysis

The three researchers compiled the participant’s summary paper, laboratory joumél, and
interview transcript as a detailed portfolio of their experience. The first two principal researchers
then coded and analyzed the portfolios for themes. To reduce investigator bias, the two
researchers coded and analyzed each portfolio individually before collaborating to reach a
consensus on common emergent themes. The common themes that emerged from the three
different experiences are presented in this study. This study is specifically based upon these
three participants and their experiences at the University of Tennessee; no attempts are made to
generalize the findings beyond these participants.

Results

Lynne

Lynne graduated from a small religious college before arriving at the University of

Tennessee. During Lynne’s apprenticeship, she worked with Dr. M and Dr. C from the Botany
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department. Lynne arrived at the laboratory after the experiment began and spent her laboratory
time doing measurements of rhizomes. From Lynne’s interview transcript and journal entries,
four themes emerged. The four themes included: data collecting attitude, vocabulary restrictions,
project ownership, and experimental understanding.

The first theme was Lynne’s dislike or disdain for the collection of data, which involved
measuring the length, number, biomass and root tips of plant rhizomes. Lynne performed the
data collection for approximately seven hours a week. Lynne described this collection task as
“monotonous, boring and very, very old.” Negative tones, expressions, and feelings about the
data collection pervaded the interview from Lynne’s statements such as, “my job was to count,”
“I got stuck in the collecting of data,” “I was doing the same thing the whole semester, “and “I
was just the data collector.” Lynne stated that she does “the same thing so it didn’t make [her]
like it a whole lot.” Additionally, her comments in her journal expressed her exasperation on the
seemingly infinitesimal amount of data to collect from statements such as “there are tons of roots
still left to measure,” “[exéavating roots from boxes] takes a long time” and “I worked
the whole time and did not finish one box.” Overall, from her collection experience and from
watching the experiences of others in the lab, Lynne felt scientists basically “came in everyday
and did your experiment; worked on it all day long; went home and came back and tried
something different.”

The second emerging theme was that the scientists use technical oral and written
vocabulary foreign to Lynne. During the weekly meetings of the laboratory scientists, the
scientists discussed their research. Lynne stated that she “wasn’t familiar with the terms and
vocabulary they were using and the ideas and theories that they were working with because [she]

hadn’t been exposed to any of that.” Lynne repeatedly stated that the papers and discussions



“were way over [her] head.” When reading scientific papers, she would “read a paragraph or a
sentence, and would...have no clue what [the] sentence just said.” The scientists did however
“try to break it down on [her] level and explain [the papers].” However, during seminar
meetings, Lynne felt that she “had no clue ... [she] felt out of place.” The lack of a common
discourse between Lynne and the scientific cohort possibly caused isolation, thereby
undermining Lynne’s confidence.

The third theme was an additional lack of understanding from the fact that Lynne’s
experiment was “already set up and planned.” When Lynne arrived at the lab, Dr. C gave her “a
basic understanding of the experiment and how it [was] set up.” Therefore, Lynne felt “basically
the project that [she] was working on ... was [Dr. C’s] project.” Due to the omission of Lynne
devising the research question and lack of involvement with the experimental design, Lynne
acquired very little ownership of the rhizome research.

The last theme emerging from Lynne’s data was the lack of understanding in designing
an experiment. Although, Lynn stated that she had “a better understanding of how to help people
set up and come up with an idea that they want to [do a] project on,” her explicit explanations of
how to perform this goal 