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W1. Pre-Conference Workshop—Equity and Ethics Committee Sponsored

Equity Internationally — Scholarship, Research, and Service for a Global Science Education Community

8:00am —12:00pm, Curacao 1

Geeta Verma, Georgia State University

Regina E. Wragg, University of South Carolina

Jerome M. Shaw, University of California, Santa Cruz

Gillian U. Bayne, Lehman College of the City University of New York

Nate Carnes, University of South Carolina

Sumi Hagiwara, Montclair State University

Maria S. Rivera Malucci, Barnard College

Felicia Moore-Mensah, Columbia University

Jomo W. Mutegi, Indiana University -- Purdue University Indianapolis

Wesley Pitts, Lehman College of the City University of New York

ABSTRACT: The Equity and Ethics Committee sponsors this pre-conference workshop for scholars of color and
individuals interested in scholarship involving equity in science education. Workshop participants will network with
facilitators representing the spectrum of career stages of scholars in science education. Attendees will also engage in
discussion regarding science education in the international community and the opportunities and challenges available to
scholars of color and individuals interested in researching science education equity issues.

W2. Pre-Conference Workshop—Publications Committee Sponsored

Developing High Quality Reviews for the Journal of Research in Science Teaching

8:00am — 12:00pm, Curacao 3

Angela M. Calabrese-Barton, Michigan State University

Joseph S. Krajcik, University of Michigan

Bob Geier, University of Michigan

Patti Bills, Michigan State University

Hayat Hokayem, Michigan State University

ABSTRACT: The purpose of this session is to provide professional development for JRST reviewers. It will also provide
valuable information to new researchers on what reviewers look for in a manuscript and how to prepare a manuscript
for publication. During this workshop we will work with reviewers to develop knowledge and skills for preparing high
quality reviews for JRST, foster conversation on expectations for and purposes of reviews, and discuss how to handle
common reviewer problems and questions. This session welcomes returning reviewers as well as those who are new to
academia and are interested in submitting to and getting published in JRST or anyone who would like to become a
reviewer for the Journal. JRST Editors and Associate Editors will facilitate the session.

W3. Pre-Conference Workshop—Research Committee Sponsored

Developing a Competitive Educational Research Proposal for NSF’s Division of Research on Learning

8:00am —12:00pm, Curacao 4

Gavin W. Fulmer, National Science Foundation

Janice Earle, National Science Foundation

Kusum Singh, National Science Foundation

Celeste Pea, National Science Foundation

ABSTRACT: This pre-conference workshop will provide researchers interested in submitting an educational research
proposal to the NSF's Division of Research on Learning (DRL) an understanding of: ¢ Contexts of STEM educational
research in NSF and DRL ¢ Characteristics of DRL’s three major research programs: o Research and Evaluation in
Education, Science and Engineering (REESE); o Discovery Research K-12 (DRK-12); and o Faculty Early Career
Development (CAREER) e NSF’s proposal review process and merit review criteria ® Characteristics of competitive
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proposals ¢ Common weaknesses in poorly-rated proposals The workshop will begin with an informational session and
then break into small groups. The groups will read, review, and discuss brief scenarios—passages from proposals that
demonstrate strengths and weaknesses in addressing the merit review criteria—in one session. In another session, the
group members will have opportunity to discuss their research ideas with DRL Program Officers (POs) and other
attendees. Please come with a 250-word summary of your idea to discuss. Individuals new to proposal-writing are
encouraged to attend.

WA4. Pre-Conference Workshop—Research Committee Sponsored

Developing and Assessing Learning Progressions in Science

8:00am —12:00pm, Curacao 5

Duncan Ravit Golan, Rutgers University

Joseph S. Krajcik, University of Michigan

David Fortus, Weizmann Institute of Science

Katherine L. Mcneill, Boston College

Julia D. Plummer, Arcadia University

ABSTRACT: Learning progressions (LPs) describe the ways in which learning of core scientific ideas and practices develop
over extended periods of time (months to years) in the context of carefully designed instruction. LPs have the potential
to provide greater coherence in learning across grades and grade bands, and better alignment between standards,
curriculum, and assessment. Recently LPs have received much attention in the research and policy arenas; in particular
they form the backbone of the Conceptual Framework for the New Science Education Standards. The LP scholarship has
also grown substantially over the past 5 years and promises to continue expanding. This workshop aims to provide
newcomers to LP research with an introduction to the development and assessment of LPs. The workshop includes three
parts that each deal with an important aspect of developing and validating LPs: (a) developing construct maps, (b) item
design, scoring, and the measurement model, (c) designing LP-driven instruction (and PD) to test LPs in real-world
science classrooms. Participants will work in small groups using data from various existing LP research projects to
explore these three aspects of LP research and development. We expect participants to leave the workshop with a
strong conceptual foundation for thinking about and engaging in LP research. Participants will receive a set of workshop
materials containing explanations of core concepts, examples, and a list of web sites with resources for LP research, as
well as have an opportunity to network with others in the expanding LP research community.

W5. Pre-Conference Workshop—Research Committee Sponsored

Videocase-based Lesson Analysis of Science Teaching to Support Teacher Learning: Experiencing Lesson Analysis and
Mapping a Program of Research

8:00am —12:00pm, Curacao 7

Kathleen Roth, BSCS

Meridith Bruozas, BSCS

Elaine Howes, BSCS

Paul Numedahl, BSCS

Kathleen Schwille, National Geographic

ABSTRACT: This workshop will examine the analysis of videocases of science lessons as a core part of inservice and
preservice teacher learning programs. There will be two main workshop activities: 1) First-hand experience with an
online video analysis program designed for K-8 preservice teachers*, and 2) Facilitated, small group discussions that will
challenge participants to examine and modify a draft visual/map representing a program of research about teacher
learning from analysis of videocases. The Videocases for Science Teaching Analysis project (ViSTA) developed four online
videocase modules for use as supplements in K-8 science methods courses*. In Part | of this workshop, participants will
use selected ViSTA videos and tasks to experience the kinds of in-depth conversations that are possible when teachers
have a shared context to examine (the videocases), a shared conceptual framework, and a shared protocol for analysis
of the videocases. Part 2 of the workshop focuses on research in this area. Working in facilitated groups of 6-8,
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participants will examine, critique, and modify a draft visual/map that highlights the existing research and identifies gaps
in our knowledge in this area. The following questions will guide the research discussion groups: ® What do we know,
what don’t we know, and what do we need to know about teacher learning from videocase analysis? ® How does
research on teacher and student learning inform the use of videocase analysis in teacher learning programs? ¢ How can
the use of videocases (practice) inform research and deepen the knowledge base about effective approaches for
preparing science teachers? Each group will be challenged to modify the visual to map a strong proposed program of
research in this area.

Presidential Sponsored Session

$1.1 Symposium — Inquiry to Practices: Data Modeling, Measurement and Representation in Children's
Statistical/Probabilistic Reasoning in Maths/Sciences

1:00pm —2:30pm, Antigua 1

Presider: Richard Duschl, Penn State University

Discussant: Leona Schauble, Vanderbilt University

Presenters:

Cliff Konold, University of Massachusetts, Amherst

Richard Lehrer, Vanderbilt University

William A. Sandoval, UCLA

James Hammerman, TERC

ABSTRACT: The National Research Council synthesis research report Taking Science to School, the companion
practitioners’ report Ready Set Science! and the draft Core Science Framework all advocate a shift in science learning
from a focus on inquiry to scientific practices. This shift is best understood as a call for coordinating inquiry with the
practices by which inquiry advances. This Presidential session will examine practices of data modeling that align inquiry
with ways of structuring, representing and modeling variability. The first presenter will describe the role of data
modeling in contemporary practices with children. The remaining presenters will suggest a prospective learning
progression that describes the seeds of these forms of practice and suggests how they might be supported in K-12
education. Examining new tools for and new understandings about students reasoning about and representation of data
systems, the presenters will advance a position that data and statistics ought to be a central to learning in K-12 science
education.

Strand 1: Science Learning, Understanding and Conceptual Change

$1.2 Symposium — Examining Learning Progressions beyond Content: Strands of Scientific Proficiency

1:00pm —2:30pm, Curacao 1

Presider: Julia D. Plummer, Arcadia University, plummerj@arcadia.edu

Discussant: Joseph S. Krajcik, University of Michigan

Presenters:

Julia D. Plummer, Arcadia University,

Ravit Duncan, Rutgers University

Christina V. Schwarz, Michigan State University

Philip Bell, University of Washington

Nancy B. Songer, University of Michigan

ABSTRACT: There has been a recent proliferation of research on learning progressions (LPs) in science education as a
way to influence the development of more coherent curricula and assessments. The recent draft of the Conceptual
Framework for the New Science Education Standards also employs LPs as an approach to identify and organize the core
ideas in science. While many LPs integrate big ideas in science content with cross-cutting themes of scientific practice,
they do so in a variety of ways and to various extents. This symposium will examine issues relating to the integration of
content-focused and practice-focused LPs with the other strands of scientific proficiency. The strands of proficiency refer
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to interest development, content learning, learning to reason, developing an understanding of the enterprise, learning
to engage in disciplinary practices, and coming to identify with science (NRC, 2007, 2009). Presenters will discuss
attempts to integrate different LPs with the strands as well as the theoretical challenges in developing such integrated
LPs. Presenters will also address ways that the design of learning environments and associated products (e.g.,
curriculum, assessments, out-of-school programs) could benefit from attending to learning strands that have typically
not been strongly emphasized in LP research and development efforts.

Strand 1: Science Learning, Understanding and Conceptual Change

$1.3 Related Paper Set - Pathways to Ecological Literacy: Developing a Biodiversity Learning Progression

1:00pm —2:30pm, Bonaire 4

ABSTRACT: We report our progress in developing a biodiversity learning progression framework for middle and high
school students. Using the learning progression approach, we documented pathways students take to achieve ecological
literacy within several key areas of biodiversity. We administered written assessments to 937 middle and high school
students in 5 states and interviewed a subset of those students. Upper level students integrated multiple principles that
govern the presence of biodiversity and change in diversity over time, whereas lower level students failed to recognize
diversity at multiple levels, failed to account for appropriate time scales, and did not utilize biodiversity principles. In
addition to defining biodiversity learning progressions, these results suggest fundamental patterns in student reasoning
that may underlie much of the problematic biodiversity content, including reasoning at inappropriate scales, viewing
organismes as actors with anthropomorphic motives and failing to account for indirect organism interactions. The
individual papers in this set provide detailed analyses of our findings and suggest learning progressions leading to
literacy within key areas of our framework.

$1.3.1 Development of a Grade 6-12 Learning Progression for Biodiversity: An Overview of the Approach, Framework,
and Key Findings

Laurel M. Hartley, University of Colorado Denver

Charles W. Anderson, Michigan State University

Alan Berkowitz, Cary Institute of Ecosystem Studies

John C. Moore, Colorado State University

Jonathon W. Schramm, Michigan State University

Scott E. Simon, University of California Santa Barbara

$1.3.2 The Understanding of Genetic Diversity in Student Accounts
Shawna K. McMahon, Colorado State University
John C. Moore, Colorado State University

$1.3.3 The Role of Heredity and Environment in Students’ Accounts of Adaptation by Selection and Phenotypic
Plasticity

Jennifer Doherty, Michigan State University

Charles W. Anderson, Michigan State University

$1.3.4 Using Complexity in Food Webs to Teach Biodiversity
Cornelia Harris, Cary Institute of Ecosystem Studies
Alan Berkowitz, Cary Institute of Ecosystem Studies

$1.3.5 Student Understanding of Species Diversity in Ecosystems
Brook J. Wilke, Michigan State University
Charles W. Anderson, Michigan State University
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Strand 2: Science Learning: Contexts, Characteristics and Interactions
$1.4 Approaches to Exploring Teachers' Roles

1:00pm —2:30pm, Curacao 2

Presider: Allison Antink, Illinois Institute of Technology

$1.4.1 An Informal Educator and a Classroom Teacher's Perceived Roles during an Elementary Classroom Science
Program

Ingrid S. Weiland, Indiana University, Bloomington, iweiland@indiana.edu

Kristin L. Cook, Indiana University, Bloomington

ABSTRACT: The purpose of this study was to investigate the goals and perceived roles of an informal science educator
and an elementary classroom teacher during a series of lessons to promote environmental stewardship and to teach
science content standards. Exploring these goals and perceived roles is of interest because informal educators and
classroom teachers may offer different funds of knowledge (informal educators are familiar with content and context,
while classroom teachers have unique knowledge about their students). Through qualitative methods, we found that
both educators' roles evolved over the course of a six-session ecology unit and that their goals differed. We also found
that a number of obstacles to implementing the unit existed. Finally, we recommend future investigations that offer
support for explicit collaboration between formal and informal educators.

$1.4.2 Effect of Teacher Reasoning Ability on Student Learning

Jennifer L. Esswein, The Ohio State University, esswein.5@osu.edu

Jerome Mescher, Hilliard City Schools

Bruce R. Patton, The Ohio State University

ABSTRACT: The qualities which enable a teacher to be effective with students have been an enduring question in science
education research. In particular, the roles of a superior content knowledge, of pedagogical content knowledge, and of
experience in teaching have been identified as important factors. The present study seeks to examine the role of teacher
reasoning ability on the development of both scientific reasoning ability and content knowledge gain in the students
they teach. Results indicate that teachers’ scientific reasoning ability, as measured by a multiple choice test, correlates
extremely well with the measured scientific reasoning ability of the students they have taught. The significance of this
on the training of pre-service teachers as well as the professional development of in-service teachers is discussed.

$1.4.3 An Exploration of Teacher Involvement in County Science Fairs: Student Support and Curriculum Integration
Kathleen Fadigan, Pennsylvania State University, kxf24@psu.edu

ABSTRACT: Science fairs are extremely popular activities in K-12 science education, but very little research has been
conducted regarding the participants and any potential benefits. This exploratory pilot study provides a preliminary
profile of science teachers’ roles in supporting students in the science fair process and their opinions on whether or not
science fairs should be part of the curriculum. This research also reports on teachers’ perceptions of the benefits of
science fair participation. Fifty-two teachers representing six county-level science fairs completed an on-line
guestionnaire. Results reveal that teachers vary widely in the level of involvement. Teachers mentor from one to more
than twenty students per year. The number of times teachers met with students varied from only two times up to daily
meetings. Seventy-three percent of respondents stated that science fairs should be incorporated into the science
curriculum, yet less than half made participation mandatory for their students in 2009. Perceived benefits include
development of communication and organizational skills, exposure to science careers, and opportunities to pursue
authentic science investigations that are of personal interest.

$1.4.4 Teacher Hedging and the Tentative Nature of Science Inquiry Discussions
Huseyin Colak, Northeastern Illinois University, h-colak@neiu.edu

Alandeom W. Oliveira, State University of New York at Albany

Valarie L. Akerson, Indiana University

Khemmawadee Pongsanon, Indiana University
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Abdulkadir Genel, Indiana University

ABSTRACT: The present study explores the use of hedges -- noncommittal words and expressions that are
characteristically vague, indirect, and unclear -- by elementary teachers facilitating science inquiry discussions prior and
subsequent to their participation in a summer institute designed to improve their awareness of hedging. Two specific
forms of teacher hedging are comparatively examined: plausibility shields (expressions such as “I think,” “maybe,”
“probably,” and “possibly” that communicate tentativeness and doubt about the validity of claims being made) and
approximators (terms such as “approximately,” “roughly,” “somewhat,” “often,” and “occasionally” that insert
vagueness and imprecision to quantitative claims). Our findings revealed that teachers’ employment of plausibility
shields was substantially more frequent during implementation of the post-institute inquiry lessons, suggesting that
teachers adopted oral practices with a higher degree of tentativeness after the institute. In contrast, teachers’ use of
approximators did not change substantially, indicating that the level of vagueness and imprecision of teachers’ oral
practices remained unaffected. It is argued that teachers need to become more aware of the different hedging forms
available for science instruction, their affordances and constraints, their potential as tools for conveying the
tentativeness of science as well as the risk of “nature of science” miscommunication.

” u » u

Strand 2: Science Learning: Contexts, Characteristics and Interactions

S$1.5 Related Paper Set - Strategies for Fostering Discussion for Model Based Learning in Science

1:00pm —2:30pm, Bonaire 8

Presider: John J. Clement, University of Massachusetts - Amherst

Discussant: Philip H. Scott

ABSTRACT: A large set of model-based teaching strategies gathered over a period of several years from classroom
observations, transcript analyses, and teacher interviews are examined through multiple lenses. Study 1 describes
teaching strategies that experienced high school physics educators utilized during whole-class discussions to engage
their students in the construction of explanatory mental models. These fell at distinct levels including dialogic and model
construction levels. Study 2 uses comparative case studies to describe and compare large group discussion strategies
used in computer simulation and static overhead based lessons. It suggests that a simulation can be useful not only
because it has a dynamic mode but also because it has a static mode. Study 3 uses comparative case study analyses to
compare teacher and student strategies for using interactive simulations in either small group or whole class settings in
high school physics. It considers possible explanations for why the hands-on small group work did not produce better
results than the whole class work. Study 4 describes the process by which many of the strategies for using simulations
were gathered and how they were organized using teacher feedback. It also highlights some trends that were observed
in the strategies themselves.

$1.5.1 Multiple Levels of Discussion-based Teaching Strategies for Supporting Students
E. Grant Williams, University of Massachusetts - Amherst School District 18 - Fredericton, New Brunswick, Canada

$1.5.2 Comparative Case Studies of Discussion Strategies used in Dynamic Computer Simulation vs. Static Image-
based Sessions
Norman Price, University of Massachusetts - Amherst

$1.5.3 Hands on Small-group vs. Whole-class use of Animations and Simulations: Comparative Case Studies in
Projectile Motion
A. Lynn Stephens, University of Massachusetts — Amherst

$1.5.4 Discussion-based Strategies for use of Simulations and Animations in Middle and High School Science
Classrooms

Abi Leibovitch, University of Massachusetts — Amherst

A. Lynn Stephens, University of Massachusetts — Amherst
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Norman Price, University of Massachusetts - Amherst

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies
$1.6 Elementary Teacher Content Knowledge
1:00pm —2:30pm, Curacao 3

$1.6.1 Using Research-based, Inquiry Physics Experiences (RIPE) to Improve Pedagogy Practices and Improve Content
Knowledge of K-3 Teachers

Stephen J. Van Hook, Penn State University, sjv11@psu.edu

Tracy L. Huziak-Clark, Bowling Green State University

ABSTRACT: This paper describes an instructional model for aiding early childhood teachers (grades K-3) to develop
conceptual models of physics concepts for themselves and their students. This model has evolved from a seven-year
collaboration between a university physics professor, science education professor and a collaborative field elementary
school to develop and test lessons in physics concepts for early childhood students. Drawing upon these lessons, we
developed a summer institute and year-long professional development program to teach K-3 teachers grade-level-
appropriate physics content using this teaching model, and to assist them in using this model to teacher their own
students during the academic year. This paper focuses on the classroom enactment of these lessons and the impact on
teacher confidence teaching physical science via inquiry, as well as the content gains made by the participants after the
summer workshop and implementation in their own classrooms.

$1.6.2 Increasing Science Teaching Efficacy Beliefs among Elementary Teachers through Content Knowledge
Improvement

Hasan Deniz, University of Nevada Las Vegas, hasan.deniz@unlv.edu

Marykay Orgill, University of Nevada Las Vegas

Kristoffer R. Carroll, Clark County School District

ABSTRACT: This study aimed to answer the following research questions: (1) To what extent elementary teachers can
improve their science content knowledge of energy as a result of a 5-day intensive summer institute designed to
improve their science content knowledge about energy? (2) To what extent a 5-day intensive summer institute designed
to improve elementary teachers’ science content knowledge can improve elementary teachers’ science teaching efficacy
beliefs? We found that participants were able to improve their science content knowledge about energy and
participants science teaching efficacy beliefs improved significantly at the end of the professional development program.
Results of this study indicated that professional development programs designed to improve elementary teachers’
science content knowledge can also improve their science teaching efficacy beliefs.

$1.6.3 Impact of Teachers' Physics Content Knowledge on Quality of Teaching and Students' Achievement during the
Transition between Elementary and Secondary School

Annika Ohle, University Duisburg- Essen, Annika.Ohle@uni-due.de

Hans E. Fischer, University Duisburg- Essen

ABSTRACT: International large-scale assessments have shown a decrease in students’ achievement during the transition
from elementary- to secondary school. There are indications that teachers’ professional knowledge impacts the quality
of teaching and students’ outcomes. The goal of the study presented here is to assess teachers’ content knowledge (CK)
on the topic “states of matter and phase transitions” and identify aspects of this knowledge in the lessons. A test has
been developed to measure teachers' CK. Quality of teaching is analyzed using videotaped science lessons in elementary
school (grade 4) and lower secondary school (grade 6), focusing both on their content structure and the cognitive
structure. Multilevel analyzes reveal that teachers’ CK, which is mediated by the cognitive structure of the lesson, is a
significant positive predictor for students’ outcomes in elementary school science classes. Results from secondary school
physics classes will be presented at this conference.
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Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies

$1.7 Strand Sponsored Session-Twenty First Century Skills: An International Perspective

1:00pm —2:30pm, Curacao 4

Presenters:

Danielle Dani, Ohio University, dani@ohio.edu

Saouma B. Boujaoude, American University of Beirut

Sara Salloum, Long Island University

Anil Banerjee, Columbus State University

Rola Khishfe, American University of Beirut

Kenneth G. Tobin, City University of New York

ABSTRACT: In the United States and around the world, calls for preparing “career and college ready” students are
embedded in the emphasis on 21st century readiness. This symposium discusses 21st century skills and their
implications for secondary science education in the international arena. Panelists will first define 21st century skills and
learning using multiple frameworks (including the Partnership for 21st century skills, OECD, and others) and share a
framework that was specifically created for the analysis of secondary curricula and programs for their potential to
promote 21st century learning and skills. Panelists then will share the results of standards, curricular, and/or program
analyses using the study’s framework in the United States, the Middle East, and India. The symposium concludes with a
comparative discussion of findings and future directions for the 21st century learning and skills movement in science
education.

Strand 5: College Science Teaching and Learning (Grades 13-20)
$1.8 Biology Instruction and Assessment

1:00pm —2:30pm, Curacao 5

Presider: Janelle M. Bailey, University of Nevada, Las Vegas

§1.8.1 Classification of Undergraduate Alternative Conceptions of the Tricarboxylic Acid Cycle

Sara L. Johnson, The University of Southern Mississippi, Sara.Johnson@usm.edu

Jill D. Maroo, The University of Southern Mississippi

Learning Natural Selection in College Biology Courses: The Relationship Between Teaching Methods and Learning Gains
Tessa M. Andrews, Ecology Department, Montana State University, andrews.tessa@gmail.com

Mary J. Leonard, Education Department, Montana State University

ABSTRACT: Alternative conceptions are prevalent in today’s college-level introductory biology students. These
alternative conceptions have implications not only on the student’s understanding of the topic at present, but they may
also play a part in the student’s future learning. In this study, we create a taxonomy of alternative conceptions
concerning the Tricarboxylic Acid (TCA) cycle. Ten students enrolled in an introductory biology course participated in
individual semi-structured interviews lasting 30-60 minutes. Students used supplied vocabulary cards, sketch paper and
writing instruments to complete the interviews. We identified student alternative conceptions using verbal responses to
open ended questions with clarification through student illustrations and card placement. We found five alternative
conceptions commonly held by students. We identified each alternative conception’s location within a triangle created
by three levels of understanding. Students’ alternative conceptions existed within the microscopic and representational
levels. We determined that the connection between these levels was absent in most students. Our work expands
current understanding of alternative conceptions students hold concerning metabolic processes (Songer & Mintzes,
1994). This study provides insight in to the locations of alternative conceptions within the understanding triangle. This
knowledge allows educators to anticipate obstacles their students may face in learning the TCA cycle.

$1.8.2 Naturalistic Inquiry of Introductory Biology Faculty Instructional Practices
Omah M. Williams, Texas A&M University, owillia2@tamu.edu
Tim P. Scott, Texas A&M University



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Sunday, April 3, 2011

ABSTRACT: Science Technology Engineering and Math (STEM) faculty often influence the teaching practice of pre-service
science teachers although they are trained to be researchers. College of education methods courses are designed to
train pre-service science teachers, enhancing their understanding of subject matter structures and pedagogical content
knowledge. This qualitative study uses naturalistic inquiry to interview n=5 introductory biology course faculty about
their teaching practice and awareness of the presence of pre-service science teachers in their classes. An emergent
paradigm was used to determine themes from unitized transcripts that were generated after each interview. It was
found that the respondents often use lectures and stories to teach biology content. There were n=2 respondents that
added that they used demonstrations to help students make connections and build personal subject matter structures.
Their teaching practice demonstrated their pedagogical content knowledge. Only n=2 of 5 respondents were aware that
they had pre-service science teachers in their courses, as they would review their rosters prior to the beginning of the
semester. While all eluded that a review of their class roster would be used to help determine the instructional goals for
their class, respondents all agreed that pre-service science teachers learned to teach from methods courses.

$1.8.3 The Effects of Argumentation via On-line Discussion in University Students' Informal Reasoning Regarding
Genetic Engineering

Ying-Tien Wu, National Central University, Taiwan, ytwu@cl.ncu.edu.tw

Chin-Chung Tsai, University of Science and Technology, Taiwan

ABSTRACT: This study aimed to investigate the effects of the use of anonymous on-line discussion on 37 university
students’ informal reasoning regarding a socio-scientific. In addition, such effects on students with different reasoning
ability were also explored. The research treatments of this study were anonymous on-line discussion task. Before the
conduct of this study, the participants’ personal positions and informal reasoning regarding genetic engineering was
assessed. The participants’ personal positions revealed in the pre-test were used to assign them into on-line discussion
groups. Each discussion group had four students, consisting of two students supporting genetic engineering and two
students with the opposite position. The students were asked to discuss on “the use of genetic engineering in
transplanted animal organs to human” anonymously in the on-line discussion forum in groups during the period of a
week. After the conduct of on-line discussion task, the participants’ informal reasoning regarding genetic engineering
was assessed again. This study revealed the significant effects of on-line discussion task on improving the students’
informal reasoning quality. More importantly, it was found that both the students achieving a “higher” reasoning level
and those achieving a “lower” reasoning level benefited from the anonymous on-line discussion, but in different ways.

Strand 5: College Science Teaching and Learning (Grades 13-20)

$1.9 Related Paper Set - Measuring Pedagogical Reform in Undergraduate Entry-Level Science Courses

1:00pm —2:30pm, Bonaire 7

Presider: Dean Zollman, Kansas State University

Discussant: Cheryl L. Mason, San Diego State University

ABSTRACT: This paper set focuses on data collected nationwide as part of the 5-year National Study of Education in
Undergraduate Science (NSEUS) project. The primary goal of this project is to measure standards-based reform of
undergraduate entry-level science courses and its impact on students. The papers address how the manner in which
these undergraduate science courses are taught influences K-6 teachers’ understanding of scientific content, and
provides models for the teaching and learning of science. NSEUS researchers conducted intense onsite visits that
involved gathering interview, observation, and survey data from faculty, undergraduate students, and inservice
elementary teachers to gain an in-depth, broad-scale picture of undergraduate science reform in the United States and
its transcendence to the K-6 level. We will share some of the important knowledge gained from the NSEUS project
concerning (1) measurement of the perceptions of the learning environment among students in undergraduate entry-
level science courses; (2) students’ reasoning skills as they apply to scientific concepts; (3) pedagogical content
knowledge (PCK) of undergraduate science faculty as it relates to their teaching quality and to the PCK of inservice
elementary teachers; and (4) the impact on elementary teachers’ science teaching self-efficacy beliefs as compared to
observed science teaching practices.
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$1.9.1 Measuring Perceptions of the Learning Environment in Undergraduate Entry-Level Science Courses
Cynthia S. Sunal, University of Alabama

Dennis W. Sunal, University of Alabama

Erika M. Steele, University of Alabama

$1.9.2 Assessing Students’ Reasoning across Disciplines in Entry-Level Science Courses
Mojgan Matloob Haghanikar, Kansas State University
Sytil Murphy, Kansas State University

$1.9.3 Measuring Outcomes of Undergraduate Science Reform on Inservice Teacher’s Pedagogical Content Knowledge
Donna Turner, University of Alabama

Dennis W. Sunal, University of Alabama

Cynthia S. Sunal, University of Alabama

$1.9.4 The Impact of Reformed Undergraduate Science Courses on Elementary Teacher Self-Efficacy and Science
Teaching Practices
Corinne H. Lardy, San Diego State University

Strand 6: Science Learning in Informal Contexts

$1.10 Life after High School: How Informal Science Impacts STEMS Careers
1:00pm —2:30pm, Curacao 6

Presider: Anita Welch, North Dakota State University

$1.10.1 Competitive Science Events and Academic Major Choice

Jennifer H. Forrester, The University of Wyoming, jforres5@uwyo.edu

M. Gail Jones, NC State University

Grant E. Gardner, East Carolina University

ABSTRACT: Understanding present barriers to choosing a STEM major is important for science educators so that we may
better prepare and inspire future generations of scientists and engineers. This study examined the relationships
between participation in competitive science event and choosing a STEM major. The participants included 1,488
freshman students at a large southeastern university. Students completed a survey of pre-college experiences with
science events, science interests, and college major, as well as, an assessment of science self-efficacy. A subsample of
sixty students (30 STEM; 30 non-STEM majors) were interviewed. Significant gender differences were found for
academic major choice. Study participants also reported being motivated to choose a certain academic major as a result
of intrinsic and extrinsic motivational factors.

$1.10.2 Out-of-School Time Science Activities and their Association with Career Interest in STEM

John T. Almarode, University of Virginia, jta7z@virginia.edu

Katherine Dabney, University of Virginia

Jaimie L. Miller, Harvard-Smithsonian Center for Astrophysics

Zahra Hazari, Clemson University

Robert H. Tai, University of Virginia

Philip M. Sadler, Harvard-Smithsonian Center for Astrophysics

ABSTRACT: One method of promoting advanced science education, student interest, and choosing a career in science
has been the use of out-of-school time (OST) science activities. The proliferation of OST science activities or programs
has been due to a variety of influences, including government funding, efforts to provide a safe environment for children
of working parents, remedial education designed to meet the requirements of Annual Yearly Progress (AYP) and,
perhaps most importantly, the reported efficacy of OST science programs on students. Studies have shown that the
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potential for academic success is significantly improved with involvement in these programs, in terms of higher GPAs,
higher attendance, lower drop-out rates, better attitudes toward school and learning, more frequent completion of
homework and projects and higher standardized test scores. This study investigates the association between
participation in OST science activities and STEM career interest in college. Results suggest that student participation in
OST science activities is positively associated with STEM career interest. However, the results from this study also
suggest this may be due to a self-selection effect.

$1.10.3 Seeing Science as Part of Who You Are: Initial Impact of a STEM-focused Out-of-School Program

Patrik Lundh, SRI International

Melissa Koch, SRI International, melissa.koch@sri.com

Christopher J. Harris, SRI International

ABSTRACT: Girls enter middle school with relatively high levels of self-confidence and interest in science and
mathematics, but in the absence of effective interventions these tend to decrease over the middle and high school
years. To increase the value girls see in pursuing science and mathematics careers, researchers hold that girls need to
have meaningful interactions with STEM role models, see their own interests reflected in STEM experiences in both
formal and informal learning settings, and have the opportunity to make connections between STEM and their own lives
such that they come to see science as a central part of the “girls who they are”. We report on the first year piloting of an
out-of-school intervention designed to increase high school girls’ awareness and value of science and science-related
careers as well as increasing girls’ expectations of success in science. Based on research on girls’ identity and
professional choices, the intervention aims to intrigue and challenge high school girls to address community-relevant
environmental issues by developing ecologically sustainable innovations. Findings from the first year of enactment show
that while girls’ confidence and interest in math and science learning and careers are improving, their interest in school
mathematics and science is declining.

$1.10.4 | know what my Carbon Footprint is! Impact Analysis of a High-School

Ruchi T. Bhanot, SRI International, ruchi.bhanot@sri.com

Ann House, SRI International

Aisha Heredia, SRI International

ABSTRACT: This paper shares evidence on the program evaluation of an informal science program for high school female
students that attempts to address the gender inequity in STEM fields. The intended programmatic outcomes include
raising girls’ confidence in these fields, exposing them to STEM career and post-secondary educational opportunities,
and preparing them for college and adulthood. These programmatic outcomes are based on the theoretical
underpinnings of the Eccles Expectancy-value model and importance of youth development skills and career
preparedness skills documented in previous literature. The evaluation design is a one-group time series study examining
a single cohort of girls (n = 131) from grades 8 through 12, with mean age = 15.41 years (SD = 1.26). Both qualitative and
guantitative data were gathered from the participants and program staff. Survey data from program participants were
gathered from the participants before the intervention (Time 1), at the end of the intensive summer workshops (Time 2)
and then again at the end of the school year (Time 3). Qualitative data were gathered from focus groups of both
program participants and program staff at the end of the year.

Strand 7: Pre-service Science Teacher Education

$1.11 Developing Preservice Teachers' Science Teacher Identity
1:00pm —2:30pm, Curacao 7

Presider: April Luehmann, University of Rochester

$1.11.1 Examining the Impact of Online Blogging on Pre-service Teacher's Perceptions about their Development as
Science Teachers
Ratna Narayan, Texas Tech University, ratna.narayan@ttu.edu
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Lori L. Petty, University of Texas, Brownsville

Deniz Peker, Virginia Tech

Sungwon Chung, Texas Tech University

ABSTRACT: Blogs are “personal journals made up of chronological entries, not unlike a paper diary” (Huffaker, 2005).
The purpose of the study was to explore the impact of online blogs on pre-service teachers’ perceptions about their
development as elementary science teachers. Eighteen elementary pre-service teachers enrolled in a science methods
course were required to maintain a personal online blog throughout the semester. Password protected blogs
hyperlinked to each other were set up for the instructor and participants to post reflections based on the readings and
activities each week. Data collected included pre/post one-on-one audio-taped interviews with the pre-service teachers,
the blog entries and focus group interviews conducted after the course. Participants expressed that the ability to
examine their own practice was the most important factor contributing to their development as a science teacher. Four
features of the blog were identified to aid participants developing into reflective practitioners; a) expressing themselves
in their own voice, b) public nature of the blog, c) timely feedback from instructor / peers and d) multiple
representations of reflections. This study has implications for both science teacher educators and science teachers.

$1.11.2 Pre-service Elementary Science Teacher Identity Development through Blogging in Communities of Practice
Janice L. Anderson, University of North Carolina at Chapel Hill, anderjl@email.unc.edu

Julie E. Justice, University of North Carolina at Chapel Hill

Steven D. Wall, University of North Carolina at Chapel Hill

Kathleen Nichols, University of North Carolina at Chapel Hill

Jennifer Jones, University of North Carolina at Chapel Hill

Helen Crompton, University of North Carolina at Chapel Hill

ABSTRACT: One of the goals of science teacher preparation is to develop professionals who are reflective of their
practice and who seek collegial collaboration in order to counter perceived isolated teaching practice. This study seeks
to determine the ways in which blogging, and participation in a web 2.0 community of pre-service elementary teachers,
specifically, facilitated the development of teacher practice. Building upon the previous work with in-service teachers of
Luehmann (2008), we examined pre-service teacher participation in an online community of practice where pre-service
teachers, over the course of their elementary education program, move from being positioned as legitimate peripheral
participants to fully engaged professionals (Lave & Wenger, 1991).

$1.11.3 Combining Service Learning and Action Research for Preservice Science Teacher Education: Explorations of
Learning

Carolyn S. Wallace, Auburn University, csw0013@auburn.edu

ABSTRACT: In recent years, two pedagogical models known as service learning and action research have been
increasingly incorporated into preservice teacher education programs. The purpose of this qualitative interpretive case
study was to investigate how secondary science preservice science teachers’ ideas about learning, learners, teaching,
and their own teacher identity developed during participation in an integrated service learning and action research
project. Critical realist social theory (Archer 1988, 1995) was used as an epistemological tool to explore how social
interactions involved in service learning were interpreted by

the four case study participants and how their ideas about learning and teaching were (or were not) shaped. Results
indicated that what the preservice teachers learned varied from powerful, personal and authentic understandings of
concepts such as prior knowledge to deeper understandings of reflection and in one case to little growth in
understanding of teaching and learning. The discussion reflects on possible mechanisms for these outcomes in the light
of the participants’ biographical contexts.
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Strand 8: In-service Science Teacher Education
$1.12 Barriers to Change

1:00pm —2:30pm, Curacao 8

Presider: Anita Martin, University of lllinois

$1.12.1 Science Teachers' Perceptions of the Barriers to Classroom Implementation of Model-based Reasoning
Patrick Dowd, University of California, Davis, pfdowd@gmail.com

Lin Xiang, University of California, Davis

Connie Hvidsten, University of California, Davis

Cynthia Passmore, University of California, Davis

ABSTRACT: The focus of this study is on investigating the barriers that science teachers face when they design and
implement model-based reasoning (MBR) instruction in their classrooms. The participants were 53 classroom science
teachers, participating in two, two-year cohort groups, who were involved in the Innovations in Science Instruction
through Modeling program (ISIM). Qualitative data were collected through reflective writing prompts at multiple
intervals throughout the professional development program. Findings reveal that science teachers encounter teacher-
related, school setting, and cultural barriers to implementing MBR instruction. These barriers often interweave with
each other and impact teacher’s implementation of MBR. Specifically, a number of barriers emerged from the analysis
that were linked to MBR instruction which included: 1) teachers saying they need time to learn their subject matter
better to teach MBR effectively, 2) teachers finding it difficult to design their MBR lessons without the collaborative
support of their subject area peers, some of whom were resistant to a different pedagogical approach 3) teachers
finding it difficult to implement collaborative norms in their classrooms, which are essential for giving students
opportunities for collective reasoning, and 4) teachers were unsure how to implement MBR within an educational
culture which stresses coverage and standardized tests.

$1.12.2 Making It Work: Three Case Study Narratives from a Secondary Science Teacher Professional Development
Program

James B. Cooper, Mississippi Academy for Science Teaching, Jackson State University, james.b.cooper@jsums.edu

Kristin Bass, Rockman et al.

Sarah Mushlin, Rockman et al.

ABSTRACT: This paper presentation will focus on three case studies from the evaluation of a National Science
Foundation funded professional development program for high school science teachers, Southern State Academy for
Science Teaching (SSAST). The case narratives will provide a detailed description of teachers' application of program
content, the contextual constraints they face and the ways in which their backgrounds shape their relationships with the
program. A cross-case analysis will present shared themes. It will also describe the unique ways in which each
participant came into the program intending to fulfill professional goals and how each teacher's context has mitigated or
enhanced her/his ability to accomplish those goals.

$1.12.3 Results of a Two-year Study: Exploring the Relationship of Teachers' Pedagogical Discontentment to Changes
in Practices for 28 Rural Science and Mathematics Teachers

Margaret R. Blanchard, North Carolina State University, Meg_Blanchard@ncsu.edu

Jason W. Osborne, North Carolina State University

Jennifer L. Albert, North Carolina State University

ABSTRACT: Teachers can be resistant to reform if it requires them to shift their teaching practices substantially. This has
often been explained as teachers having inadequate self-efficacy required to reform their practice. Yet recent studies
describe teachers with high self-efficacy who remain resistant to change. This study explores the role of pedagogical
discontentment as a possible motivator for changing teaching practice. This paper reports our quantitative findings of a
two-year study. Middle school science and mathematics teachers involved in professional development were nearly
eight times more likely to change toward more reform-based practices when pedagogical discontentment was higher.
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Our findings indicate that exploring pedagogical discontentment in practicing teachers may be beneficial in working
toward more impact from professional development.

$1.12.4 Teachers' Perceived Challenges and Barriers to Implementing High-Level, Inquiry-Based Curriculums

Darin S. Munsell, lllinois Institute of Technology, munsdar@iit.edu

Norman G. Lederman, lllinois Institute of Technology

ABSTRACT: The purpose of this qualitative study is to document teachers’ perceived challenges and barriers they must
overcome when implementing higher-level, inquiry-based curriculums. Survey data were collected from 97 teachers
from May until June of 2010. The survey population consisted of a sample of two populations of teachers. The first
population of teachers (n=65) was a group of urban Midwestern teachers participating in a multi-year professional
development which addressed the nature of science and scientific inquiry in their curriculums. The second group of
participating teachers (n=32) was comprised of participants from across the United States in an inquiry-based lesson
planning professional development at a national science teacher convention. The wealth of survey data and follow-up
interviews were utilized to established nine distinct categories of perceived challenges and barriers. Additionally, several
clear trends were noted across the teacher demographics. The findings of this study offer additional areas for
consideration beyond those highlighted by previous research into inquiry-based curriculum implementation. Overall,
this study offers a baseline for further research to assist teachers in overcoming the many challenges and barriers that
they may face when implementing inquiry-based curriculums.

Strand 10: Curriculum, Evaluation, and Assessment

$1.13 Strand Sponsored Session - Exploring Large-Scale Assessment: A Four-Nations Perspective

1:00pm —2:30pm, Bonaire 1

Presenters:

David F. Treagust, Curtin University, d.treagust@curtin.edu.au

John O. Anderson, University of Victoria

Chorng-Jee Guo, National Changhua University of Education

Xiufeng Liu, State University of New York at Buffalo

ABSTRACT: This invited strand session will focus on large-scale assessment in science within Australia, Canada, Taiwan,
and the United States. Experts in large-scale assessment from each of these countries will provide an overview of their
large-scale assessment initiatives, giving educators and researchers an opportunity to compare the uses and
instructional implications of each initiative. As well, secondary data analysis stemming from these initiatives may add to
what is known about the impact of large-scale assessment on teaching and learning in science.

Strand 10: Curriculum, Evaluation, and Assessment

$1.14 Related Paper Set - Measuring Teacher Inquiry Knowledge

1:00pm —2:30pm, Bonaire 6

Discussant: Jon E. Pedersen, University of Nebraska-Lincoln

ABSTRACT: Planning and implementing successful inquiry-based learning in the science classroom is a demanding task
for teachers, requiring a combination of several kinds of knowledge: science content knowledge, science pedagogy
knowledge, knowledge of inquiry, and knowledge of how to implement it in instruction. In order to understand how
such knowledge impacts teacher instruction and their students' learning, it is important that we have valid and reliable
ways to assess this construct. This panel presentation will discuss various instruments and approaches for measuring
teacher inquiry. These instruments represent a variety of formats (including multiple choice assessments, Likert-type
scales, and rubrics) and target audiences (pre- and in-service teachers from various grade levels and science subject
areas). Data sources include written reflections, lesson narratives, group discussions, interviews, and videos of
classroom practice. Panelists will discuss a) how the instruments were developed, b) how they have been used, and c)
results and findings.
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$1.14.1 Development and Validation of an Instrument to Measure Teacher Knowledge of Inquiry
Gwen Nugent, University of Nebraska-Lincoln

Greg Welch, University of Nebraska-Lincoln

Jim Bovaird, University of Nebraska-Lincoln

$1.14.2 Teaching Scenarios as a Probing Tool: Teachers
Nam-Hwa Kang, Oregon State University

$1.14.3 A PCK Rubric to Measure Teachers
Julie Gess-Newsome, Northern Arizona University
April Gardner, BSCS

$1.14.4 Assessing Pedagogical Content Knowledge of Inquiry Science Instruction
Dav Schuster, Western Michigan University

William Cobern, Western Michigan University

Brooks Applegate, Western Michigan University

Strand 11: Cultural, Social, and Gender Issues

$1.15 African American Children and Science: Identity, Representation, and Implications for Science Education
1:00pm —2:30pm, Bonaire 2

Presider: Mary Atwater, University of Georgia

$1.15.1 Young African American Children Constructing Narrative Identities in an Urban Science-Literacy Classroom
Justine M. Kane, Wayne State University, jmkane@wayne.edu

ABSTRACT: This study explores the ways in which the interview setting creates affordances for understanding the
narrative identities constructed by young African American children who attend a high-poverty, urban school where
they and their third-grade teacher attempted to enact interactive, participatory, and dialogic pedagogy in the context of
integrated science-literacy instruction for one year. Using three different types of interviews of ten students in one
third-grade class, | analyzed data for each student across interviews and for each interview across students to
understand how young children construct student and science student identities. | found that allowing children to
narrate their experiences of science inside and outside of school, listening to those narrations in the context of different
types of interviews, and juxtaposing the data from various interviews yield rich portraits of children positively engaging
with school and science.

$1.15.2 Curriculum as a Weapon for Combating Systemic Racism: A Description of Science Unit for Elementary African
American Science Learners

Jomo W. Mutegi, Indiana University - IUPUI, jmutegi@iupui.edu

ABSTRACT: “Science for All” is a mantra that has guided science education reform and practice for the past 20 years or
so. Unfortunately, after 20 years of “Science for All” guided policy, research, professional development, and curricula
African Americans continue to participate in the scientific enterprise in numbers that are staggeringly low. What is more,
if current reform efforts were to realize the goal of “Science for All,” it remains uncertain that African American students
would be well-served. This paper challenges the idea that the type of science education advocated under the “Science
for All” movement is good for African American students. It builds on the idea that African American students are
uniquely situated historically and socially and would benefit greatly from a socially transformative approach to science
education curricula designed to help them meet their unique sociohistorical needs. The paper describes a science
curriculum for elementary African American learners that reflects the principles of a socially transformative curriculum
perspective.
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$1.15.3 Identify-A-Scientist: How Third Grade African American Students See Scientists

Leon Walls, University of Vermont, Iwalls@uvm.edu

ABSTRACT: Promoting science literacy is a key motivation for the science education community (Laugksch, 2000). A
scientifically literate individual generally learns science better, achieves greater success on science assessments, and
ultimately makes better decisions when using science in their everyday lives. Research though, has indicated that
science literacy cannot be achieved without first establishing an informed understanding of the nature of science (NOS)
(DeBoer, 1991; Klopfer, 1969; National Science teachers Association [NSTA], 1982). An important component of an
individual’s views of science is their view of scientists as well. Therefore, understanding a student’s perception of
scientists may be an effective and positive tool in helping achieve science literacy through instruction (Finson, 2002).
With the original goal of extending the capability and reach of the DAST in its use with very young children, the Identify-
A-Scientist (IAS) protocol was developed for this study. The IAS was especially relevant to the specific population of
students who took part in this study. Along with the dearth of research documenting the NOS views of the very young,
there is also a similar paucity of knowledge relative to children of color, specifically African Americans. Findings indicate
that these third graders hold specific views of who they believe is a scientist.

$1.15.4 Young Black Children and Science: Chronotopes of Narratives around their Science Journals

Maria Varelas, University of lllinois at Chicago, mvarelas@uic.edu

Justine M. Kane, Wayne State University

Wylie Caitlin Donahue, University of Cambridge

ABSTRACT: Using Bakhtin’s construct of chronotopes, we analyzed conversations with 30 Kindergarten-2nd grade
African American students from three different classrooms where they were experiencing integrated science-literacy
instruction, at one public elementary school in an economically-struggling, big city neighborhood. The conversations
were centered on children’s science journal pages that they selected as showing their best work as scientists/science
students. We studied how time-space relationships played out in conceptions Black children create about who they are
in relation to science and what science is as an enterprise of actors, acts, and forces. The in-depth profiles we produced
demonstrate how different children intertwined conceptions of self, science, and scientists in similar, but also different,
configurations. For some, words and their socio-historical meanings were markers of their relationship to science. For
many, peers and/or their teacher were critical constituents of the chronotopes of their narratives. For some, their own,
past initiatives had made them knowledgeable and positioned them as people who pass along science knowledge to
others. Chronotopic analysis has been applied to classroom discourse, but we extend it to interactions around texts
children produce to communicate ideas and their ways of making sense of these texts, thus elaborating their
“becoming” vis-a-vis science and scientists.

Strand 12: Educational Technology

$1.16 Strand Sponsored Session - Digital Games and Conceptual Change in Core Concepts
1:00pm —2:30pm, Bonaire 3

Discussant: Diane Ketelhut, Temple University

Presenters:

Douglas B. Clark, Vanderbilt University, doug.clark@vanderbilt.edu
Mario Martinez-Garza, Vanderbilt University

Jody Clarke-Midura, Harvard University

Jilliane Code, Harvard University

Brian C. Nelson, Vanderbilt University

Cynthia M. D'Angelo, University of Wisconsin

Nathan Holbert, Northwestern University

Uri Wilensky, Northwestern University

Kent J. Slack, Arizona State University

Pratim Sengupta, Vanderbilt University
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ABSTRACT: Research into the use of video games and virtual worlds for science learning is evolving rapidly, with
increased focus on the need for evidence for learning, and on systematic inquiry into design principles that can best
support learning and engagement. The session brings together researchers who investigate the potential of games to
support and assess conceptual change. Specifically, the session explores three questions. Do data support the claim that
games can effectively support valuable science learning? How can we leverage the affordances of a digital game to both
support and assess deep conceptual change? What design principles can we distill from these findings in terms of
supporting science learning in games and virtual worlds?

Strand 14: Environmental Education

$1.17 Strand Sponsored Session - Science Education as One Context for Education for Sustainable Development (ESD)
and Environmental Education (EE)

1:00pm —2:30pm, Bonaire 5

Presider: Teddie Mower, University of Louisville

Presenters:

Teddie Mower, University of Louisville, tOphil01@Iouisville.edu

David B. Zandvliet, Simon Fraser University

Annette Gough, RMIT University, Australia

Noel Gough, La Trobe University, Australia

Pauline W. U. Chinn, University of Hawaii

Justin Dillon, King's College London, United Kingdom

ABSTRACT: This invited session will explore the synergies, both current and possible, between ESD/EE and Science
Education. With the increased recognition of the fragile state of our planet the international community has called for
strengthening environmental literacies for all people, at all levels. This includes science as well as social, economic, and
political concepts. We will review the history of the sometimes conflicted relationship of science and environmental
education through the context of our Strand beginnings, share challenges and opportunities in developing synergies that
improve outcomes in both fields, and discuss what makes good environmental education research at this

intersection. Participants will engage in further discussion aimed at building capacity and mapping out future activities
(research, policy, and education) to grow and nurture ESD and EE in the context of science education.

Strand 15: Policy

$1.18 Perspectives of Science Education Practitioners
1:00pm —2:30pm, Antigua 2

Presider: Sarah J. Carrier, North Carolina State University

$1.18.1 Development and Initial Validation of New Science and Mathematics Faculty Measures of Change, Self-
Efficacy Beliefs and Organizational Culture

Abdulkadir Demir, Georgia State University, abdulkadir_d@yahoo.com

Lisa Martin-Hansen, Georgia State University

Chad Ellett, CDE Research Associates, Inc.

Judith Monsaas, University System of Georgia

Judy Awong-Taylor, Georgia Gwinnett College

Nancy Vandergrift, University of Georgia

Chuck Kutal, University of Georgia

ABSTRACT: This paper describes the development and initial validation of new measures of faculty perceptions of
change, self-efficacy beliefs, and organizational culture in institutions of higher education (IHEs) and discusses the
implications of the findings for understanding change and sustainability of policy-based initiatives in IHEs. This study
used a large-scale, web-based administration of three new survey measures of science and mathematics faculty
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perceptions of change, self-efficacy beliefs, and organizational culture as these pertained to a new Board of Regents
policy-based initiative to improve the scholarship of teaching and learning and faculty work in K-12 schools. This paper
reports useable data received from 320 faculty members (45%). A set of data analyses was performed. This included, but
was not limited to, descriptive statistics for characteristics of the sample and for measurement items, a series of
Principal Components Analyses on each of the three measures to empirically verify measurement dimensions, and Alpha
internal consistency reliability coefficients for each measurement dimension. The results of this study show that faculty
somewhat agree that there has been some recognition and reward for faculty work in schools. However, applied
research in schools is not yet valued at the department level.

$1.18.2 Voices from the Front Lines: Exemplary Science Teachers on Education Reform

Burton Erin E. Peters, George Mason University, epetersl@gmu.edu

Wendy M. Frazier, George Mason University

ABSTRACT: The purpose of this study is to gain insight into the experiences that nationally award-winning, exemplary
science teachers have had over their career and examine the alignment their responses with calls for K-12 science
education reform from a selection of prominent commissioned government reports since 1980. From an assessment of
the alignment of exemplary teachers, calls for reform have had a limited effect and highlight the weakness of using
national reports as a wide-scale, nationalized approach to science education reform. Findings are focused on seven
different areas of teacher development: classroom issues, teaching scientific inquiry, use of technology, pre-service
experiences, professional development of in-service teachers, vertical articulation, and science education reform over
time.

$1.18.3 Principals Goals for Science Education

Todd L. Hutner, The University of Texas at Austin, thutner@gmail.com

Kimberly S. Lanier, The University of Miami

Sherry A. Southerland, The Florida State University

ABSTRACT: In order to achieve the vision contained in documents such as Science for All Americans and The National
Science Education Standards, the conditions for change must be present within our schools. Two of these conditions for
change are: (1) administrative support for this vision and (2) that the goals of the reform align with those of the actors
charged with its implementation. The reform documents promote the goal of education as preparation for civic
participation. This is contrasted with goals that view education as either to promote increased individual and collective
economic output or upward social mobility for select individuals. Seeking to determine if goals favored by administrators
aligned with the reform documents, high school principals were surveyed using a science specific survey developed
along these three goals. Results indicate that all principals’ believe in the first goal, with some also believing in the
second goal. There are also varying degrees of belief depending on previous teaching experience: principals who taught
science had more support for the first goal and less for the second two goals than their non-science teaching
counterparts. We postulate this is due to a more nuanced pedagogy for those principals who had previously taught
science. Implications for school administration policy are presented.

$1.18.4 Mediating Mixed Messages: An Exploratory Study of Urban Elementary Teachers' Personal Agency Beliefs in
the Context of Comprehensive School Reform

Jessica Gale, Emory University, jdgale@emory.edu

ABSTRACT: Despite decades of reform, science education remains neglected in far too many of our nation’s elementary
schools. Because elementary teachers are ultimately responsible for implementing science reform initiatives, revitalizing
science education requires understanding elementary teachers beliefs about themselves as science teachers and about
their local school context. At the same time, because elementary science education reform occurs within complex
educational environments comprised of multiple and often competing policies, teachers’ beliefs must be considered
within the context of state, district, and local school reform activities. Drawing on Ford’s (1992) Motivational Systems
Theory, this study explores personal agency beliefs among elementary teachers (n=109) working in one urban school
district. Teachers completed an online survey comprised of three scales: the STEBI, the CBATS Enable Scale, and the
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CBATS Likelihood Scale. The study also explores variations in elementary teachers’ personal agency beliefs across six
comprehensive school reform models.

Administrative Symposium

$2.1 Developing High Quality Reviews for the Journal of Research in Science Teaching

2:45pm —4:00pm, Antigua 1

Presider: Bob Geier, University of Michigan

Presenters:

Angela M. Calabrese-Barton, Michigan State University, aco@msu.edu

Joseph S. Krajcik, University of Michigan

Patti Bills, Michigan State University

Hayat Hokayem, Michigan State University

ABSTRACT: The purpose of this session is to provide professional development for JRST reviewers. It will also provide
valuable information to new researchers on what reviewers look for in a manuscript and how to prepare a manuscript
for publication. During this workshop we will work with reviewers to develop knowledge and skills for preparing high
quality reviews for JRST, foster conversation on expectations for and purposes of reviews, and discuss how to handle
common reviewer problems and questions. This session welcomes returning reviewers as well as those who are new to
academia and are interested in submitting to and getting published in JRST or anyone who would like to become a
reviewer for the Journal. JRST Editors and Associate Editors will facilitate the session.

Strand 1: Science Learning, Understanding and Conceptual Change

$2.2 Argumentation and Knowledge Construction

2:45pm —4:00pm, Curacao 1

Presider: Fouad Abd-El-Khalick, University of lllinois at Urbana-Champaign

§2.2.1 Science Learning and Argumentation: How are they Related?

Hanife Hakyolu, hakyoluhanif@yahoo.com

Bekiroglu Feral Ogan

ABSTRACT: Research on argumentation in science education has expanded and intensified considerably over the past
two decades. Whereas there are some studies presenting the effects of argumentation on science knowledge
development, there are only a few studies discovering the interrelationship between knowledge construction and
argumentation. Therefore, the purpose of this study was to contribute to literature toward a better understanding of
how argumentation is associated with knowledge development in science. Therefore, the following research question
put a light for this study: Are there any patterns between the quantity and quality of students’ arguments and their
physics knowledge development through the argumentation process? Case study design was guided to the research. The
participants of the study were pre-service physics teachers. Argumentations were embedded in the method class. The
participants’ argumentations were analyzed both quantitatively and qualitatively by relating with the students’
conceptual changes. Findings demonstrate that students’ conceptual levels develop positively together with their
engagement and increasing quality of rebuttals during argumentations

$2.2.2 Impact on Year 4 Student Conceptual Understanding of Force and Motion after Writing Letters to Year 11
Students

Ying-Chih Chen, University of lowa, ying-chih-chen@uiowa.edu.tw

Brian M. Hand, University of lowa

Leah Mcdowell, Seneca Valley School District, Pittsburgh, PA

ABSTRACT: Writing-to-learn activities calling for students to write to different audiences different from teachers
required them focus on translation, in which students explain, elaborate, and integrate their understanding of science
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concepts using more than just the technical language of the subject. This quasi-experimental and pre/posttest study
aimed to examine if Year 4 students completed letter-writing exchange activities with Year 11 students perform better
than students who do not. The participants included 835 Year 4 students and 450 Year 11 students from four elementary
schools and one secondary school in the USA. The study took place within the context of a unit on force and motion that
was taught for 8 weeks. Results indicated that students who engaged in doing letter-writing exchange activities
outperformed students who did not by comparing pretest and posttest. The results also showed that female, special,
low socio-economic status, and gifted students benefited from the letter-writing tasks more than those sub-groups in
control groups. The correlation result showed that there are statistically significant correlations between student
performance on tests and writing quality. Two factors of writing--cohesiveness and evidence support--were identified as
potent predictors for student performance on tests.

$2.2.3 Kindergartners' Understandings about Seeds, Plants and Scientific Knowledge Building
Deborah C. Smith, The Pennsylvania State University, dcs27 @psu.edu
Alicia M. Mcdyre, The Pennsylvania State University

$2.2.4 Characterizing Uncertainty Associated with Middle School Students' Scientific Arguments

Amy R. Pallant, The Concord Consortium, apallant@concord.org

Hee-Sun Lee, Tufts University

ABSTRACT: Kindergartners’ understandings about seeds, plants and scientific knowledge building Abstract Our
exploratory study focuses on kindergarten students engaged in a three-week unit on seeds, plants and their growth. In
the classroom, teachers designed opportunities for children to engage in the four strands of scientific proficiency from
Taking Science to School (Duschl, Schweingruber, and Shouse, 2007). Before and after the unit, we interviewed children
about their ideas about seeds, plants and their growth, and how people make scientific knowledge. This paper presents
findings from the interviews, for children’s progress in understanding seeds, plants, and their growth, as well as their
understanding of how scientific knowledge is constructed. We provide examples of classroom experiences that
supported children’s learning and participation in the four strands.

Strand 2: Science Learning: Contexts, Characteristics and Interactions
$2.3 Exploring Socio-Scientific Issues in the Science Classroom
2:45pm —4:00pm, Curacao 2

Presider: Wesley Pitts, Lehman College

$2.3.1 What will Students Learn when Working with a Socio-Scientific Issues: Are Cell Phones Hazardous?

Britt Lindahl, britt.lindahl@hkr.se

Maria Rosberg

ABSTRACT: This paper presents results from one part of a study about lower secondary students’ and teachers’
experiences and learning when working with a socio-scientific issue in science education. The case: Are cell phones
hazardous? started from two articles from the same newspaper — one saying that there are no risks associated with the
use of cell phones and another saying that the risk for developing a brain tumour is considerable. Data was colleced
using observations, tape and video recording, interviews and questionnaires. Both boys and girls found this case very
interesting and related to a current issue. Almost all students claim that the introduction to the case aroused their
interest and that they learnt new facts during the work. The more interesting the students found the case, the more
they claimed they hve learnt. We also have results indicating the importance of the teachers’ way of introducing and
structuring the work. Further analysis will give us more information about what is crucial and how we can improve this
way of working.

§2.3.2 Students and their Parents Speak Out on the Purposes of Learning Science in Middle School
Leigh K. Smith, Brigham Young University, leigh_smith@byu.edu
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Pamela Cantrell, Brigham Young University

Erin Whiting, Brigham Young University

Erika Feinauer, Brigham Young University

ABSTRACT: Scant research has focused on what students and their parents view as the purposes of science education in
middle school. It is also unclear how their perceptions align with those of the science education community. This
descriptive study seeks to answer these questions, using a survey research design with 7th and 8th grade students and
their parents. Preliminary results from these data suggest that both students and parents view learning science as
useful; they differ, however, in their views of how learning science is useful. Neither group emphasizes learning science
in middle school as a means of preparing students for future schooling; nor does either group emphasize that knowing
science and the way science works informs an individual’s thinking about the world or as inherently interesting or
enjoyable, as a way of enriching one’s life. While parents and students agree that there is intrinsic value in knowing
science, few participants noted that learning science leads to more informed decision-making, Briefly, these results
suggest that although the participating parents’ and students’ perspectives about the purposes of learning science in
middle school are remarkably aligned with one another, they are not aligned with the perspectives of the science
education community.

$2.3.3 Evaluation of an Intervention to Improve Students' Use of Content Knowledge when Dealing with Socio-
Scientific Issues

Italo Testa, Federico Il University, Naples, Italy, italo@na.infn.it

Ester Salvato, Convitto Nazionale, Naples, Italy

ABSTRACT: This study investigated the effects of a four-week teaching intervention on 14-15 years old students’
capability of exploiting science content knowledge in discussing Socio-Scientific Issues (SSI). The intervention addressed
energy, modelling and data quality using four SSI scenarios as meaningful contexts. Students’ learning outcomes were
measured before and after the intervention with a multi-level assessment instrument. A delayed-post assessment was
implemented three months after the end of the activities. The qualitative analysis shows that students were able to take
advantage of the addressed science concepts to support in a more informed way their claims about the proposed SSI.
Amongst the proposed activities, those centred on modelling and data quality were more effective than those focused
on energy. The quantitative analysis indicates that students’ scores in the post-test were statistically significantly
different than their scores in the pre-test. The delayed-post outcomes suggest also long-term effectiveness of the
intervention. The collected evidence provides support for introducing in science curricula SSI-based interventions. In
addition, this study advances research in the field showing that students capability to reason and decide about SSI
relying on content knowledge may be improved by means of a suitable choice of concepts addressed during the
interventions.

Strand 2: Science Learning: Contexts, Characteristics and Interactions

S2.4 Related Paper Set — Talking to Learn and Learning to Talk in Secondary Science

2:45pm —4:00pm, Bonaire 8

ABSTRACT: This set of papers reports the work of the 3 year project ‘Talking to Learn, Learning to Talk in Secondary
Science’. Working with 4 secondary school, science faculty, the project had two primary aims. First to see if it was
possible to develop teachers use of argumentation as a pedagogic practice by establishing a professional learning
community within the schools working with two instructional leaders trained by the project. Second, to see what effect
the greater use of argumentation had on (a) students non-verbal reasoning and attainment in science, (b) their
understanding of the nature of science, and (c) their interest and engagement with science. To answer the first goal,
data were collected by extensive video observation of teachers, teacher interviews and field notes from teacher
meetings. To answer the second goal a mix of quantitative and qualitative data were used. Surveys data from
instruments administered to 480 6th and 8th grade students pre and post were compared with a control sample.
Similarly interview of 48 student pairs, analyzed thematically, were compared with 48 from the control sample. This
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paper set will present the findings from this extensive data set, which were mixed, and discuss the implications for
further research.

$2.4.1 Developing the Teaching of Argumentation in School Science Departments
Shirley S. Simon, University of London

Andri Christodoulou, King's College London

Christina Howell-Richardson, King's College London

Katherine Richardson, University of London

Jonathan F. Osborne, Stanford University

$2.4.2 Argumentation by Design: A Study of Teachers’ Capacity to Enact of Argumentation Activities Beyond the
Classroom

Katherine Richardson, University of London

Ruth Amos, University of London

$2.4.3 Epistemic Features of Science Teachers’ Talk During Argumentation Instruction
Andri Christodoulou, King's College London
Jonathan F. Osborne, Stanford University

$2.4.4 A Study of the Effect of Engaging in Argumentation on Students’ Ability to Reason, their Understanding of the
Nature of Science their Engagement with School Science

Jonathan F. Osborne, Stanford University

Shirley S. Simon, University of London

Andri Christodoulou, King's College London

Christina Howell-Richardson, King's College London

Katherine Richardson, University of London

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies
§2.5 Science and Literacy
2:45pm —4:00pm, Curacao 3

$2.5.1 Primary Grade Children

Sheryl L. Honig, Northern lllinois University, shonig@niu.edu

ABSTRACT: This study examined the effects of Language-Enriched Science Instruction on diverse children's science
vocabulary knowledge. Six second-grade classrooms participated in instruction on the Water Cycle. Three of the
classrooms implemented the school district textbook instruction, while the other three classrooms implemented
Language Enriched Science Instruction which included multiple multi-leveled informational trade books, hands-on
activities, vocabulary activities, read-alouds, partner reading, and writing. Results suggest that Language Enriched
Science Instruction was more effected in increasing children's vocabulary knowledge about the Water cycle. In addition,
children who participated in Language Enriched Science Instruction wrote longer explanations of the Water Cycle, using
a wider range of scientific vocabulary. Finally, type of instruction was found to be a stronger predictor of children's
outcomes than was prior vocabulary knowledge, and gender was not significantly related to any outcomes.

$2.5.2 Engineering Design and Literacy in a Bilingual Elementary Classroom

Kevin Carr, Pacific University, Oregon, kcarr@pacificu.edu

Elizabeth Schlessman, Lincoln Elementary School, Woodburn, OR

ABSTRACT: How might science teaching remain a high priority in elementary classrooms, while at the same time
satisfying policy demands for more time devoted to literacy development? This paper describes and interprets a short
episode in which an elementary teacher and a science educator coteach an engineering design unit in a 5th grade
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bilingual classroom. We illustrate how an engineering design project provided a unique and powerful space to develop
literacy, especially in speaking, writing, and listening. We hope to better understand how to equip teachers to make
science a central focus of classroom learning, while acknowledging the primacy of literacy in elementary school policy
discourse.

$2.5.3 Writing and Learning in Science: Connections between Elementary Teachers' Beliefs and Practice

Nicole J. Glen, Bridgewater State University, nglen@bridgew.edu

ABSTRACT: Research shows writing can help students gain conceptual understanding of both science content and the
scientific discipline. Unfortunately, many science teachers rarely consider writing as a means to building students’
conceptual science understanding. This qualitative case study looked at how four elementary teachers viewed the
connection between writing and learning in science. The results were that the teachers believed students learned
science best through “hands-on” science experiences, reading about science, and the transmission of scientific facts.
These beliefs and practices were also reflected in the teachers’ uses of writing in science and their understanding of how
scientists used writing. Many of the teachers’ science lessons involved the transmission of information, possibly resulting
in why much of their students’ writing was also used to transmit facts to others. In addition, the teachers’ believed that
scientists used writing for communicating factual information, which included not only listing scientific facts but also
procedures, observations, and conclusions. The implications of this study are that teacher educators must attend to
teachers’ understandings about both science learning and the nature of science in order to help teachers understand
how writing can be used for conceptual knowledge gains in science.

Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies
$2.6 Argumentation and the Nature of Science

2:45pm —4:00pm, Curacao 4

Presider: Irene U. Osisioma, California State University, Dominguez Hills

$2.6.1 Traversing the Divide between High School Students and Sophisticated Nature of Science: A Multi-pronged
Approach

Tami Russell, The University of Tennessee Hardin Valley Academy/High School, russellt4@k12tn.net

Mehmet Aydeniz, The University of Tennessee

ABSTRACT: This study investigated the effects of a multi-pronged approach to enhance high school students’
understanding of nature of science (NOS). The intervention consisted of explicit/reflective NOS instruction embedded
within authentic inquiry experiences and online discussion of various tents of NOS. Thirty one students participated in
the study. NOS views were assessed using multiple data sources including pre/post-intervention questionnaires as well
as student responses to online discussion prompts. Results show that the instructional intervention used in this study
which combined explicit/reflective NOS instruction with intense inquiry exposure along with ample reflective
opportunities in an anonymous online discussion format led to significant learning gains in students’ understanding of
each domain of the NOS. Implications for enhancing data collection with high school students and for promising
professional development opportunities for science educators are discussed.

$2.6.2 Argumentation: Exploring Instructional Practices of Three Teachers, and their Students

Maria P. Evagorou, University of Nicosia, Cyprus, evagorou.m@unic.ac.cy

Lucy Avraamidou, University of Nicosia, Cyprus

ABSTRACT: Existing studies in argumentation provide an insight into teachers’ instructional practices when teaching
science as argument, but do not map those practices that lead to students’ success or failures in argumentation. In this
study we explore the following question: What kind of instructional practices teachers use when implementing
argumentation curriculum, and what is their students’ performance in argumentation? The methods of inquiry applied
are associated with a case study design, with three in-service teachers and their classes studying SSI. Summarizing the
findings, learning activities designed to engage students in argumentation are not a sufficient condition - teachers’
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instructional practices, and students’ personal characteristics are also important; and students’ performance in
argumentation is related to their teacher’s instructional practices, even though various other conditions might have also
have had an effect on students’ performance in argumentation. Implications include involving teachers in the design of
the argumentation activities, and creating teacher-researcher partnerships.

$2.6.3 The Effect of Using Thought Experiments on Grade 8 Students' Physics Achievement and Views of Nature of
Science

Saouma B. Boujaoude, American University of Beirut, boujaoud@aub.edu.lb

Garine Santourian, American University of Beirut

ABSTRACT: This study aimed at investigating the effect of using thought experiments (TEs) on Grade 8 students’ physics
achievement and understanding of selected aspects of nature of science (NOS); specifically tentativeness, subjectivity,
and the role of human inference, imagination and creativity. Fifty-eight Grade 8 students taking a physics course in a
Lebanese private school participated in this four-month study. The experimental and control groups were taught four
topics: relativity of motion, speed, forces, and energy with one difference that the experimental group used nine
pedagogical TE worksheets. These worksheets were followed by whole-group class discussions about the outcome of the
TE and explicit reflective historical discussions of the target NOS aspects using the contexts of TEs. Whole-group
discussions were also used with the control group while explaining the concepts addressed in the TEs without using TEs
and without discussing NOS aspects. Data sources included the Physics Achievement Test, used as a post-test, to assess
students’ achievement, and an open-ended NOS Questionnaire and semi-structured interviews used before and after
instruction. Findings indicated that using TEs significantly improved student achievement in relativity of motion and the
target NOS concepts except for the subjective aspect.

$2.6.4 The Relationship between Teachers' Pedagogical Content Knowledge and Beliefs of Scientific Argumentation on
Classroom Practice

Amanda M. Knight, Boston College, knightam@bc.edu

Katherine L. Mcneill, Boston College

ABSTRACT: Despite the recognition that scientific argumentation promotes formative assessment by making students’
thinking and reasoning visible, the practice remains infrequent. This could be attributed, in part, to a deficiency in the
necessary pedagogical content knowledge required to design, facilitate, and assess lessons that cultivate
argumentation. Perhaps it is also associated with the relationship between the teachers’ beliefs and their practice,
which has remained largely undocumented within the scientific argumentation literature. Consequently, our research
addresses the following question: What is the relationship between teachers’ beliefs and pedagogical content
knowledge regarding scientific argumentation and their classroom practices? Data was collected through pre- and post-
surveys, three videotaped classes of their teaching followed by teacher interviews of five middle grade science teachers
who participated in a series of three professional development workshops held within an urban New England school
district. The findings suggest that influencing teachers’ pedagogical content knowledge and beliefs on scientific
argumentation through professional development can be successful in changing their practice, but each teacher’s level
of successful enactment is dependant on his/her initial beliefs and pedagogical content knowledge.

Strand 5: College Science Teaching and Learning (Grades 13-20)

$2.7 Contexts and Factors Influencing Students’ Science Attitudes, Efficacy, and Interests
2:45pm —4:00pm, Curacao 5

Presider: Erika G. Offerdahl, North Dakota State University

$2.7.1 Depicting Chemistry Majors' Self-Perceptions in Learning Chemistry

Murat Kahveci, Canakkale Onsekiz Mart University, Turkey, mkahveci@gmail.com

ABSTRACT: The purpose of this study was two-fold: (1) to investigate the self-perceptions of college students whose
major is in chemistry about learning chemistry by a comparative analysis with respect to varying personal characteristics
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such as gender and grade level, and (2) to provide an evidence for the reliability of the modified Fennema-Sherman
mathematics attitude survey to measure students’ attitudes towards learning chemistry. A modified version of
Fennema-Sharman mathematics attitude scale was previously adopted and its proof of reliability was already confirmed.
In this study, further implementation of the instrument over college students was pictured. Internal consistency analysis
revealed the Cronbach alpha values ranging from .933 to .695, which is referred as highly reliable.

§2.7.2 Investigating College Students' Self-Efficacy, Interest, and Conceptual Change About Stars

Janelle M. Bailey, University of Nevada, Las Vegas, janelle.bailey@unlv.edu

Doug Lombardi, University of Nevada, Las Vegas

Gale M. Sinatra, University of Nevada, Las Vegas

ABSTRACT: More than 400 students in a semester long, sophomore-level, general education astronomy course
responded to a survey instrument containing questions relating to their self-efficacy for and interest in learning about
stars, as well as their knowledge about star properties, both pre and post instruction. A hierarchical linear regression
analysis of the data showed that the students’ self-efficacy prior to instruction provided a statistically significant
contribution to understanding about star properties at post instruction above and beyond their background knowledge.
Interest in stars at pre instruction did not provide a significant contribution to understanding post instruction. A
repeated measures MANOVA and follow-up tests showed that both self-efficacy and interest increased from semester’s
beginning to end. Not surprisingly, initial student understanding about star properties was significantly greater for
participants who had a prior astronomy course compared to those that had not, and while both groups experienced a
significant increase in understanding as a result of instruction, differences in understanding were appreciably less at
semester’s end With both self-efficacy and interest previously theorized to contribute to personal relevance aspect of
conceptual change, this study provides empirical evidence supporting the inclusion of self-efficacy as a important
contributor to deeper understanding changes in about star properties.

$2.7.3 Homework, Motivation, and Achievement in a College Genetics Course

Matthew S. Planchard, University of Southern Mississippi, matthew.planchard@eagles.usm.edu

Kristy L. Halverson, University of Southern Mississippi

Jill D. Maroo, University of Southern Mississippi

Timothy I. Mclean, University of Southern Mississippi

ABSTRACT: Homework is an integral part of a college curriculum and is often used to provide opportunities for students
to interact with course material in new settings. However, little research has investigated links between student
motivation, homework completion, and academic achievement at the college level. The purpose of this study was to
investigate student motivation for completing homework and the effect of homework on academic achievement in an
undergraduate genetics course at a large, public research university. We obtained student responses on self-perceived
motivating and demotivating factors, tested various factors for an effect on homework completion, and determined
homework completion's effect on academic achievement. We found that credit value, self-perceived conscientiousness
and attitude, and self-reported learning style had a significant effect on if students completed homework assignments
for the course, and homework completion had a significant impact on students’ academic achievement. Thus,
instructors can use these motivating factors to design assignments in manners that encourage completion and in turn
can help increase overall academic achievement.

$2.7.4 Characterizing Self-Efficacy Opportunities in the Process of Modeling a Physical Phenomenon: A Study of Three
Female Modeling Instruction Students

Vashti Sawtelle, Florida International University, vashti.sawtelle@gmail.com

Eric Brewe, Florida International University

Renee Michelle Goertzen, Florida International University, Department of Physics

Laird H. Kramer, Florida International University, Department of Physics

ABSTRACT: Self-efficacy has been strongly linked to persistence in various technical fields . We present the analysis of a
gualitative investigation of three Modeling Instruction women during the process of modeling a physical phenomenon

25

25



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Sunday, April 3, 2011

as a discussion of self-efficacy experience opportunities (SEOs) that can be characterized during this process. At this
large research institution, Modeling Instruction has been shown to positively impact student self-efficacy . This paper
presents a focus on one of the key elements of Modeling Instruction, modeling physical phenomena, and characterizes
the SEOs that are present during the process of modeling a particular phenomenon. We characterize these SEOs and
connect them to the modeling process. Further, we find that these SEOs are abundant during the process of modeling
phenomena, and thus may be partially responsible for the positive impacts on self-efficacy we find in the Modeling
Instruction environment.

Strand 5: College Science Teaching and Learning (Grades 13-20)
$2.8 Epistemologies of Students and Teachers

2:45pm —4:00pm, Bonaire 7

Presider: Linda Keen-Rocha, University of Witwatersrand

$2.8.1 Collegiate Students' Epistemologies of the Role of Models in Precalculus Mathematics

Robert Melendy, George Fox University, rmelendy@georgefox.edu

Lawrence Flcik, Oregon State University

ABSTRACT: Students’ epistemological beliefs of mathematical models and the role they played in describing physical
phenomena was established using a modified version of Students’ Understanding of Models in Science (SUMS). The
modified version contained additional items that were developed to capture students’ mathematical epistemologies.
These new items were written into the SUMS existing subscales. The treatment group consisted of 13 males and 16
females; the control group consisted of 16 males and 13 females all enrolled in pre-calculus mathematics at two Pacific
Northwest colleges. The treatment consisted of a three-part survey and follow-up interview and tutorial. A substantial
number of the students in our investigation revealed a lack of coherence between the mathematical meaning of certain
mathematical functions and how these functions get utilized in modeling physical situations. What is more, we
discovered that a relationship existed between this lack of coherence and the epistemological beliefs that the students
hold about this knowledge. We speculated that possession of such beliefs influenced students’ thinking and reasoning as
they attempted problem-solving activities that involved the mathematical modeling of physical situations. An interview-
tutorial revealed changes in epistemological positions as measured by a modified SUMS post-test. We discuss
implications for teaching and future research.

$2.8.2 Relationships Between Students' Epistemology, Argumentation, and Conceptual Understanding in
Biotechnology: A Case Study

Carina M. Rebello, University of Missouri, cp5xc@mail.mizzou.edu

Stephen B. Witzig, University of Missouri

Kemal lzci, University of Missouri

Marcelle A. Siegel, University of Missouri

Sharyn K. Freyermuth, University of Missouri

ABSTRACT: Students' epistemological beliefs can influence their ability to reason, evaluate information, and make
informed decisions. These skills are important for an informed citizenry that will participate in debates regarding areas
such as biotechnology. We report on an in-depth case study analysis of nine undergraduate, science and non-science
majors in an introductory biotechnology course. Data from multiple sources — interviews, exams, embedded
assessments and a pre-post biotechnology knowledge instrument — were used to inform this study. Our findings are
organized within individual profiles and a cross-case analysis to demonstrate our participants' conceptual understanding,
epistemological beliefs, and argumentation quality. Overall, we found that a student with more sophisticated
epistemology demonstrated a superior argumentation quality and a greater conceptual understanding of biotechnology-
related topics. Results suggest the need for instructional interventions fostering epistemological development of
learners in order to facilitate their conceptual growth. In conjunction with heightening students' epistemological
developments, students should be provided opportunities to practice developing their skills of reasoned argumentation.
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$2.8.3 Epistemological Beliefs & Teaching Practices of Science Faculty with Education Specialties

Tracie M. Addy, North Carolina State University, tmaddy@ncsu.edu

Patricia E. Simmons, North Carolina State University

Grant E. Gardner, North Carolina State University

Jennifer L. Albert, North Carolina State University

ABSTRACT: This study investigated the teaching beliefs and classroom behaviors of science faculty with educational
specialties (SFES) and their roles within the larger context of science education reform efforts, on the premises that:
teaching scholarship is an area in need of reform, interdisciplinary positions (such as SFES) may encourage reform
efforts, and understanding the teaching beliefs and practices that SFES hold and demonstrate provides insight into
whether these faculty can improve student learning within the sciences and enact reform recommendations. The
research questions guiding this study were: (1) What epistemological belief systems do SFES espouse concerning the
teaching and learning of science? (2)What are the classroom practices of SFES? How are these practices congruent with
reform described by the National Research Council? A case-study research design with mixed approaches was employed.
Data on the epistemological beliefs, self-reported teaching approaches, and classroom teaching practices of 25 SFES
from 12 U.S. public and land-grant universities were gathered and triangulated. Preliminary analyses support SFES as
espousing transitional to reform-minded beliefs about teaching, self-reporting more student-centered teaching
approaches, and having intermediary reformed practices. These results may provide recommendations to leaders about
how SFES can influence the vision and teaching culture of their science departments.

$2.8.4 Evolution Acceptance and Epistemological Views of College Biology Students

Lisa A. Donnelly, Kent State University, I[donnell@kent.edu

Elizabeth Shevock, Kent State University

ABSTRACT: Evolutionary theory is central to biology, and scientifically-accurate evolution instruction is promoted within
national and state standards documents. Previous literature has identified students’ epistemological views as potential
predictors of evolution acceptance. The present work seeks to more directly explore how student views of evolution are
related to their epistemological views. We hypothesize that evolution acceptance may be related to students’
epistemological views and that this relationship may vary depending on students’ relationship to the field of biology,
either as an experienced major, a new major, or a non-major. Specifically, this manuscript investigates how college
students’ evolution acceptance may be related to Perry developmental levels for three distinct groups of students:
upper-level majors, first-year majors, and non-majors. A mixed methods approach entailing quantitative surveys and
individual interviews was employed. In total 395 college level biology students from three classes were surveyed, and 44
students were interviewed. Statistical analyses revealed significant evolution acceptance differences according to both
main factors, Perry Level and Class. Potential implications for science educators at the college level are discussed.

Strand 6: Science Learning in Informal Contexts

$2.9 Strand Sponsored Symposium-Learning Technologies in Informal Contexts
2:45pm —4:00pm, Curacao 6

Presider: Sandra T. Martell, University of Wisconsin-Milwaukee
Discussant: Reed Stevens, Northwestern University
Presenters:

Mark Chen, University of Washington

Alex Games, Michigan State University

Douglas B. Clark, Vanderbilt University

Alex Games, Michigan State University

Robb Lindgren, University of Central Florida

Debora B. Wisneski, University of Wisconsin-Milwaukee
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Heather T. Zimmerman, Penn State University

Susan M. Land, Penn State University

Strulle Arlene De, National Science Foundation

ABSTRACT: A recent presidential call for greater nationwide focus on STEM education resulted in the development of
educational initiatives focused on computer and video game creation. But, what do we know about how video games,
mobile device applications, and other tools can support informal science learning across settings and contexts? How can
informal institutions use learning technologies to support science teaching and learning among diverse learners?
Collectively, this interactive symposium's panelists will discuss how traditional and contemporary games and tools help
scaffold learning, distribute knowledge and expertise, provide opportunities for interactions and reflection across
settings, and aid facilitation of science instruction. Researchers and scholars from informal science institutions,
universities, and NSF, will present theoretical and empirical work addressing the role of learning technologies in informal
science education as well as future directions for funding and research, including a protein-folding game, a conceptually-
integrated physics game, a project-based curriculum centered on game design, a mixed reality game, forms of play
critical for early learning, and mobile device applications. The symposium includes a brief introduction by the

presider followed by panelist presentations, small group discussions, an open conversation around common themes and
interests, and an expert discussant providing feedback on the panel and conversation.

Strand 7: Pre-service Science Teacher Education
$2.10 Learning Science Teaching Practices
2:45pm —4:00pm, Curacao 7

Presider: Jennifer Cartier, University of Pittsburgh

$2.10.1 Learning to Assess: Preservice Science Teachers' Learning about Classroom Assessment

Nam-Hwa Kang, Oregon State University, kangn@science.oregonstate.edu

ABSTRACT: The study explored the degree to which a cohort of preservice science teachers developed competence in
classroom assessment in terms of assessment design, analysis, and drawing implications for teaching. Assessment design
and analyses of 12 preservice science teachers were examined. The findings showed a critical role of underlying beliefs
about the curricula goals and learning in the PSTs’ learning about assessment. The areas of emphasis in developing
classroom assessment capacity included support for broadening assessment objectives and diversifying assessment
methods accordingly. Implications included more emphasis on integrating informal with formal assessments and further
support in adopting more innovative but practical approaches through careful field placements and close collaboration
with the cooperating teacher and practicum advisors.

$2.10.2 Beginning Teachers' Development of Classroom Practice and Their Narratives of Practices toward Reform-
Oriented Instruction

Hosun Kang, Michigan State University, kanghosu@msu.edu

Charles W. Anderson, Michigan State University

ABSTRACT: Designing and enacting classroom activities is a key practice for all science teachers. This study explored how
beginning teachers develop this classroom practice during teacher education. Twelve secondary science teacher
candidates at a five-year reform-oriented teacher preparation program participated in this study over three years. Data
include: a) candidates’ self-made teaching videos, b) written artifacts, and c) interviews with candidates, their mentor
teachers, and course instructors. During individual interviews, we showed the same segments of candidates’ teaching
videos to each of them and had them talked about the specific practices that we focused on. We found three patterns in
the ways of representing science through activities in candidates’ teaching videos: representing science as (a)‘master
narratives’ or ‘correct answers’; (b) skills to solve problems; or (c) tools for making sense of the world. There were some
meaningful variations in the narratives of practice among candidates, mentor teachers, and course instructors.
Candidates who showed similar patterns of highlighting and coding about the goals and strategies of activities to course
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instructors tended to provide students meaningful opportunities of engaging in science by representing science as
‘tools.” The implications for teacher learning and research of teacher education are discussed.

$2.10.3 The Influence of Curriculum-Independent Factors on Preservice Elementary Teachers' Adaptation of Science
Curriculum Materials

Cory T. Forbes, University of lowa, cory-forbes@uiowa.edu

ABSTRACT: Multiple methods are employed to investigate factors influencing preservice elementary teachers’
adaptation of science curriculum materials to better support students’ engagement in science as inquiry. The study
focuses on data collected around two ‘reflective teaching assignments’ completed by 46 preservice elementary teachers
in an undergraduate elementary science methods course in which they were asked to use and adapt existing science
curriculum materials to plan and enact inquiry-based science lessons in elementary classrooms. Data analysis involved
regression modeling of artifacts associated with these lessons, as well as in-depth, semester-long case studies of six of
these preservice teachers. Results suggest that while the types and inquiry scores of existing curriculum materials have a
small influence on preservice elementary teachers’ curricular adaptations, teacher-specific

variables account for a much greater percentage of the variance. Evidence from the case studies illustrates the
important influences of the preservice teachers’ field placements as an explanatory, teacher-specific factor in their
curricular adaptations. These findings have important implications for science teacher educators and science curriculum
developers, in terms of not only better understanding how preservice teachers engage with curriculum materials, but
also how programmatic features of teacher education programs impact their ability to do so.

$2.10.4 Elementary Preservice Teachers' Knowledge and Application of Science Vocabulary

Sarah J. Carrier, North Carolina State University, sarah_carrier@ncsu.edu

ABSTRACT: Science vocabulary knowledge plays a role in understanding science concepts, and science knowledge is
measured in part by correct use of science vocabulary (Lee, Fradd, & Sutman, 1995). Elementary school students have
growing vocabularies and many are learning English as a secondary language or depend on schools to learn academic
English. Acknowledging that the language of science poses unique challenges to students, teachers must possess
knowledge of science vocabulary in order to communicate and evaluate students’ science understandings. The present
study examined change in preservice teachers’ vocabulary knowledge during a science methods course, measuring pre-
and posttests of common elementary science vocabulary. Additionally, researchers documented preservice teachers’
use of science vocabulary during peer teaching. The data indicate that the course positively impacted the preservice
teachers’ knowledge of target elementary science vocabulary definitions; however, their use of science terms was
inconsistent in microteaching lessons. Recommendations include providing multiple content area vocabulary instruction
strategies during teacher preparation.

Strand 8: In-service Science Teacher Education

$2.11 Case Studies of Teacher Growth

2:45pm —4:00pm, Curacao 8

Presider: Martina Nieswandt, lllinois Institute of Technology

$2.11.1 Hiking Mt. Kilimanjaro: Personal and Professional Impacts on Female Elementary Teachers' Lives and Practice
Megan E. Mistler-Jackson, University of Colorado Denver, meganmj@comcast.net

ABSTRACT: In addition to continued improvement in the quality of science learning among our nation’s youth, one goal
of science education research is to promote wider interest in science, technology, engineering and math (STEM)
disciplines. This research explores the impacts of experiential professional development for teachers and its potential to
inspire interest and motivation in science education. Specifically, this study examines the participation of three female
elementary teachers in a summer 2009 experiential learning course trekking Mount Kilimanjaro, going on safari in the
Serengeti, and sharing their experience in a movie documentary with regard to how the experience informs their
personal and professional identities and practice in their classrooms. Qualitative data such as observations, interviews
and document review are analyzed. Participants report that the success of climbing Mt. Kilimanjaro is a significant
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lifetime event. The power of this experience translates into an enthusiasm in their personal and professional lives that
affects their science teaching and potential to serve as positive role models for their students.

$2.11.2 Examining Real-world IT-immersion Teacher Education Experiences through the Lens of Two Teacher Roles
Cathlyn D. Stylinski, University of Maryland, cstylinski@umces.edu

Caroline Parker, Educational Development Center

Carla Mcauliffe, TERC

ABSTRACT: The practice of providing curricular materials versus helping teachers develop their own materials is used in
many professional development efforts, and use of these two roles may help us better understand how to effectively
support teachers integrating real-world technology applications into their classroom. The first phase of our exploratory
study examines these roles using surveys and follow-up interviews with principal investigators (PIs) of NSF-funded ITEST
projects--technology-immersion teacher education experiences that share a common design implemented in unique
ways. We found Pls did identify with one or the other of these two roles (adopter/adapter versus developer), however
there was no significant correlation between these roles and other surveyed items, and there was no significant
grouping of these other surveyed items that distinguished the two roles. Instead, our results suggest that these roles
should be considered as a continuum and together with other emerging project approaches (e.g., focus on collaboration,
alignment with authentic STEM practices, connections to local environment/social context) and Pls’ perspectives on
teachers’ expertise. In the next phase, we will continue to explore emerging approaches and perspectives of these
professional development experiences and will determine if and how they influence teachers’ implementation of real-
world technology applications into their classrooms.

$2.11.3 Enhancing Teacher Knowledge and Pedagogical Reasoning: A Case Study of Cooperating Science Teacher
Mentors

Shelly Rodriguez, The University of Texas at Austin, shelly.rodriguez@austin.utexas.edu

Julie Gess-Newsome, Northern Arizona University

James Barufaldi, The University of Texas at Austin

ABSTRACT: This study investigated what inservice science teachers who serve as mentors learn through interactions
with preservice teachers in their classrooms. This study interviewed six secondary science teachers that served as
cooperating teachers for a nationally recognized STEM teacher preparation program. Specifically, the study asked: How
does the teaching knowledge of cooperating science teachers develop as they work with teacher candidates in a
secondary science teacher preparation program? Interactions with preservice teachers were shown to expand the
knowledge base of cooperating science teachers and to stimulate their pedagogical reasoning. These findings will be
useful for inservice science teachers, secondary school administrators, science teacher educators, researchers in the
field of science education, and others interested in the ongoing development of the knowledge base of inservice science
teachers.

Strand 8: In-service Science Teacher Education

$2.12 Related Paper Set - Impact of the Communication in English and Science Inquiry Project on Teachers and
Students

2:45pm —4:00pm, Antigua 1

ABSTRACT: The findings of these four papers indicated that two years of teacher professional development in the
Communication in English and Science Inquiry Project (CESIP) can have a statistically significant pre to post impact on
students’ ability to write scientific explanations and have an effect on their grades. The improvement in writing scientific
explanations was influenced by the type of instructional activity that provided a platform for writing. Professional
development had a differential impact with English teachers starting with higher implementation scores than science
teachers and maintaining their scores over time while science teachers experienced a slight decline. Despite the higher
implementation scores of the English teachers, statistical analysis indicated that their students did not write better
scientific explanations than students of science teachers. However, the students of both the English and science
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teachers in the professional development wrote better scientific explanations than the students of a control science
teacher. These findings are based upon the analysis of 1,547 student explanations and 241 classroom observations of 38
teachers.

$2.12.1 Improving Student Scientific Explanation Skills Through Research-based Professional Development
Nievita Bueno Watts, Arizona State University, nbueno@asu.edu

Dale R. Baker, Arizona State University

Gita Perkins, Arizona State University

Tapati Sen, Arizona State University

Dola Chaudhuiri, Arizona State University

Michael G. Lang, Maricopa Community College

$2.12.2 Change in Implementation Practices of English and Science Teachers over Time
Tapati Sen, Arizona State University

Dale R. Baker, Arizona State University

Nievita Bueno Watts, Arizona State University

Gita Perkins, Arizona State University

Michael G. Lang, Maricopa Community College

$2.12.3 Scientific Explanations of Communication in English and Science Inquiry Project Students: Science vs English
Comparison

Gita Perkins, Arizona State University

Dale R. Baker, Arizona State University

Tapati Sen, Arizona State University

Michael G. Lang, Maricopa Community College

Nievita Bueno Watts, Arizona State University

$2.12.4 The Relationship of Teacher Implementation of Professional Development to Student Scientific Explanations
and Grades

Dale R. Baker, Arizona State University

Nievita Bueno Watts, Arizona State University

Tapati Sen, Arizona State University

Gita Perkins, Arizona State University

Dola Chaudhuri, Arizona State University

Michael G. Lang, Maricopa Community College

Strand 10: Curriculum, Evaluation, and Assessment
$2.13 Assessment in Chemistry

2:45pm —4:00pm, Bonaire 1

Presider: Yilmaz Kara, Karadeniz Technical University

$2.13.1 Evaluation of the National Educational Standards in Chemistry Education

Maik Walpuski, University of Osnabrueck Chemistry Education, maik.walpuski@uos.de

ABSTRACT: International large-scale assessments such as TIMSS and PISA have shown that the German students only
rank in the medium area which is rather unsatisfactory for German politicians, teachers and researchers. As a result, the
Assembly of German Ministers of Education agreed on National Educational Standards (NES) which define competences
for the graduation from middle school after grade 9 or 10. Tests for all areas of competence defined by the NES are
currently being developed and proved in the German project ESNaS (Evaluation of the National Educational Standards
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for Natural Sciences at the Lower Secondary Level) by teachers and researchers. For the project an empirically evaluated
model of competence is used in order to be able to construct test items of an a priori defined difficulty. For the subject
chemistry teachers from different federal states developed approximately 150 items per area of competence (4) based
on the model. A pilot study was performed in 2009/10 with approximately 250 students per item. In this presentation
the underlying model of competence, the process of item development and results from the pilot study will be
presented.

$2.13.2 Identifying Chemistry Laboratory Safety Conceptions

Wendy E. Schatzberg, Western Washington University, wendy.schatzberg@gmail.com

Baohui Zhang, Nanyang Institute for Education, Singapore

ABSTRACT: Students learning about new concepts incorporate new theories into their already formed mental model and
misconceptions may then be created that can later become hazardous to the student. This study proposed to discover
what misconceptions students were creating in relation to laboratory safety theory using the Laboratory Safety
Questionnaire. This Questionnaire was created to aid in identifying common student misconceptions and assist in the
creation of future intervention procedures to eliminate the possible hazardous alternate conceptions. Secondary and
Junior College students in Singapore were solicited for this study and it was discovered that overall students held a good
grasp of some conceptions such as safety equipment but had misconceptions about chemical qualities such as acids,
bases, and safety terminology.

$2.13.3 Analysis of Teachers' Views on the Nature of Models in the Development of a New Model-based Course
Hui-Jung Chen, National Taiwan Normal University, Taiwan, karen3117tw@gmail.com

Mei-Hung Chiu, National Taiwan Normal University, Taiwan

ABSTRACT: This study investigates how five experienced chemistry teachers changed their views on the nature of
models in developing a new model-based chemistry laboratory course in a senior high school in Taiwan. In order to
develop the course, the teachers participated in workshops and group discussion meetings. They reported the progress
of the curriculum development, reflected on teaching experiences and discussed their findings in the meetings biweekly.
Data collections include questionnaires, semi-structured interviews and classroom observations for three years. Results
revealed a positive impact on their comprehension of the nature of models. The average scores of questionnaires in 3rd
year were significantly higher than those in 1st year and 2nd year. It also showed that the five teachers’ views of the
nature of models gradually reached consensus. Four of the five teachers originally considered models as representations
of scientific theories. After participating workshops and group discussions, three of them shifted to mixed types of
perceptions with scientific concepts and mental images after three years. This study showed that professional
development for understanding models is important in developing a better model-based course. The analysis of
teachers’ views helps us understand the complex relationship between teachers’ understanding of models and their
classroom practices.

$2.13.4 Does Question Type, Content and Gender Influence Student Understanding as Demonstrated in an Entrance
Examination?

Ross D. Hudson, Australian Council for Educational Research Curtin University of Technology, hudson@acer.edu.au
David F. Treagust, Curtin University of Technology

ABSTRACT: The research inquires into the effectiveness of the two predominant forms of questions that are used on the
State University Entrance examination for chemistry. These are multiple-choice questions and short-answer questions.
This research examines the style of question but also the content type examined (recall and application questions) along
with gender differences. The research involved an analysis of previous State University Examinations as well as class trial
testing students of both genders on tests designed by the researcher. Rasch analysis of the class trial data was
performed allowing comparison of question type and content performance as well as differential analysis (DIF)
comparing the male and female performance on different subsets of question types. Analyses of released data from the
final examinations were used to provide a comparative context to the trial tests.
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Strand 10: Curriculum, Evaluation, and Assessment

$2.14 Symposium — Computer Model-Based Assessment of Learning Progression: Promises and Issues

2:45pm —4:00pm, Bonaire 6

Presider: Xiufeng Liu, University at Buffalo, SUNY

Discussant: Erica Smith, University at Buffalo, SUNY

Presenters:

Noemi Waight, University at Buffalo, SUNY

Roberto Gregorius, Canisius College

Kristina Gillmeister, University at Buffalo, SUNY

ABSTRACT: Normal O false false false EN-US X-NONE X-NONE MicrosoftinternetExplorer4 This symposium session
presents preliminary findings of developing computer model-based assessment of learning progression. Computer
modeling is based on flash and NetLogo environments to make simultaneously available three levels of representations
in chemistry: macroscopic, submicroscopic, and symbolic. Students interact with computer models to answer
assessment questions. Student responses provide an indication of their levels of understanding of three big ideas in
chemistry: Matter, energy, and models. The preliminary quantitative and qualitative findings suggest both promises and
challenges for computer model-based assessment of learning progression. Specifically, although computer models are
appealing to students, questions based on computer models do not necessarily produce consistent indications of
student levels of conceptual progression. On the other hand, the better consistency and item choice structures for some
items and constructs indicate a potential for computer model-based assessments of learning progression. There are
both advantages and disadvantages of the question format, i.e. Ordered-Multiple-Choice, adopted in this study.
Preliminary findings from this study also suggest specific areas of improvement in computer models and assessment
guestions. The need for integrating computer models and assessment into ongoing instruction during a chemistry
course is also discussed.

Strand 11: Cultural, Social, and Gender Issues

$2.15 College Science Students: Attitudes, Beliefs, and Aspirations Related to Gender, Religion, Class and Ethnicity
2:45pm —4:00pm, Bonaire 2

Presider: Janell N. Catlin, Teachers College, Columbia University

§2.15.1 Understanding Disadvantage: Comparing Motivation, Family Support, Preparation, and Income Characteristics
of Minority and Non-Minority College Calculus Students

Charity N. Watson, Clemson University, charitw@clemson.edu

Philip M. Sadler, Harvard-Smithsonian Center for Astrophysics

Gerhard Sonnert, Harvard-Smithsonian Center for Astrophysics

ABSTRACT: When groups of students with similar academic backgrounds are compared, findings indicate that students
from families with high socioeconomic status outperform students from low-SES families and Asian and White students
have higher achievement than do Black or Hispanic students. The disturbingly low rates of math achievement by
students of color (African-American, Latinos, and American Indian) and low-income students have gained increasing
attention in the education community. Of course, no single explanation is sufficient to account for these observed
average differences in achievement. Minority students are underrepresented among those obtaining degrees in STEM
fields. It is argued that calculus provides the foundation for understanding higher-level STEM courses; successful
completion of calculus is required for success in STEM majors. In a survey conducted by Uri Treisman (1992), it was
found that there are four widely held beliefs about the causes of minority student failure in college calculus. The
responses indicated that motivation, preparation, family background/support, and income, mainly the lack thereof, are
the dominant factors which contribute to the failure of minority students in calculus. In this paper, the responses to key
variables focusing on these four beliefs are compared for minority and non-minority students enrolled in college calculus
courses.
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$2.15.2 Stories of Persistence: How Class Shapes the Experiences of Female First-generation Students in
Undergraduate Science

Rachel E. Wilson, The University of Georgia, rewilson@uga.edu

Julie M. Kittleson, The University of Georgia

ABSTRACT: Class has been under-theorized in science education research. There is a need to understand how class
influences students' science-related career choices, especially those populations who are underrepresented in science:
women and minorities. First-generation students, or students whose parents do not have a college education, are not
only less likely to persist in college, they are also more likely to be non-White, female, and from low-income families
(Choy, 2001). Therefore, there is a need for research on the experiences of female students in undergraduate science
programs and how their experiences are shaped by gender, race/ethnicity, and class in order to understand how these
factors can shape their science-related career aspirations. As part of a qualitative research study, eleven female first-
generation college students pursuing science majors were interviewed about their experiences in science. The research
guestions addressed how female first-generation students describe their experiences as college science majors and how
their interpretations of their experiences shape their identities and their persistence. Tensions that these students felt
surrounding pursuing their science-related career goals are discussed. Implications of this study include the need for
class to be included as a factor of analysis in addition to race and gender.

$2.15.3 Creationism, Worldviews, and Existential Anxiety: An Ethnographic Perspective

David E. Long, Valdosta State University, delong@valdosta.edu

ABSTRACT: This paper examines college student understanding and attitudes toward biological evolution. In
ethnographic work, | followed a cohort of 31 students through their required introductory biology class. In interviews,
students discuss their life history with the concept - in school, at home, at church, and in their communities. For some
Creationist students, confronting evolution in class has meant confronting existential issues regarding both the basis of
science and the basis of faith. For other Creationist students, claims of evolution's theoretical strength are eschewed for
its direct challenge to their worldview. For most students, science holds minimal interest against other values in their
lives. Faculty and policy makers decry this as poor American science literacy which demands change. This work discusses
the gap in socio-cultural practices between "ideal science literacy", and the everyday practical knowledge which result in
half of Americans rejecting evolution as sound science.

$2.15.4 What Type of Science Person are You? Gender & Race/Ethnicity Comparisons

Zahra Hazari, Clemson University, zahra@clemson.edu

Philip M. Sadler, Harvard Smithsonian Center for Astrophysics

Gerhard Sonnert, Harvard Smithsonian Center for Astrophysics

ABSTRACT: This study explores students' self-perceptions across science subjects (biology, chemistry, and physics) by
gender and under-represented minority status. The data is drawn from the Persistence Research in Science &
Engineering (PRiSE) project, which surveyed 7505 college English students from 40 US colleges and universities across
the nation about their backgrounds, high school science experiences, and science attitudes. We compared the responses
to three focal items on the PRISE survey which asked students: Do you see yourself as a biology/chemistry/physics
person? The results indicate that students' overall self-perceptions towards science are less than ideal. For most
students in college, even those pursuing science-related careers, averages fell well below the midpoint of the scale.
Consistent with other research, females had significantly lower self-perceptions towards physics and females from
under-represented minority groups, particularly Hispanic females, tended to be the most disempowered in their views
of themselves with respect to science.

Strand 12: Educational Technology

$2.16 Dynamics of Supporting Learning Through Technologies
2:45pm —4:00pm, Bonaire 3

Presider: Taha Mzoughi, Kennesaw State University
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$2.16.1 Learning and Social Dynamics in a Student Directed High School Virtual Reality Class

Teresa Morales, lowa State University, tmorales@iastate.edu

Eunjin Bang, lowa State University

Thomas Andre, lowa State University

ABSTRACT: This paper reports a qualitative case history analysis of a unique, high school, student-directed, project-
based learning (PBL) virtual reality (VR) class. The class was unique because it had no teacher; students were expected to
learn independently to program an industrial level VR machine to create projects of their own choosing. Students were
accountable for producing two projects each school quarter. The class is apparently successful, attracting interest from
education and industry official and being emulated in other school districts. This study used in-depth classroom
observations, interviews with selected students, analysis of student projects, and surveys of parents to examine student
learning and the ongoing dynamics of the class. Three themes of classroom social traditions emerged from the analysis
observations: 1) play in service of learning, 2) peer mentoring, and 3) collaborative problem solving. These traditions
supported individual student learning in the learning community of the class. Student projects demonstrated that they
mastered significant academic concepts and advanced technical skills. The full paper provides in-depth examples of the
three themes and of student learning of academic concepts. The results were consistent with theories underlying
project-based learning, but demonstrated that PBL can be effective even when not teacher directed.

$2.16.2 Relationship between Students' and Teacher's Questions in an Online Forum

Seng-Chee Tan, National Institute of Education, Nanyang Technological University, Singapore, sengchee.tan@nie.edu.sg
Lay-Hoon Seah, University of Melbourne

ABSTRACT: Situated within the context of science learning through a social collaborative inquiry approach called
Knowledge Building, this study focused on the use of questions as a discourse move. The participants consisted of a 4th
Grade teacher and his two elementary classes that consisted of 40 and 39 pupils respectively. Over a period of three
months, the teacher created three forums with different primary tasks related to the topic Digestive System. The
students were actively engaged in raising questions and seeking for answers through the use of Knowledge Forum, an
online forum, both within and out of formal curriculum time. The analysis was carried out using the Ideational Function
of Questions (IFQ) framework that the authors developed, which classified questions into three categories: conceptual,
epistemological, and meta-discoursal questions. There were 25 sub-categories of questions. Our analyses showed that
the nature of the task set by a teacher in an online forum could be one possible factor that leads to different questioning
behaviors among the students. The findings shed some lights on the types of questions or tasks teachers could set in an
online forum to achieve the questioning behaviors they hope to see in their students.

$2.16.3 Nature of Community in a Science Teachers' Virtual Community from a Community of Practice Perspective
Heather M. Worsham, University of Missouri, hmw7a5@mizzou.edu

Aaron J. Sickel, University of Missouri

ABSTRACT: This qualitative research study investigated the nature of community in an online community of science
teachers—specifically, those participating in the National Science Teachers Association’s (NSTA) list servers—using
communities of practice (Wenger, et al., 2002) as a theoretical lens. An analysis of over 5,300 email communications
sent via the list servers during a five month period from December 2009 to May 2010 was conducted. Findings indicated
that a complex and vibrant community of practice exists within the list server groups wherein teachers of science and
others interested in science education collaborate, problem-solve, and generate new ideas to facilitate meaningful
science learning for students. Factors which contributed to the success of the community were revealed which might be
useful for nurturing the development of other online science teacher communities. The study also gives a glimpse into
what exemplary science teachers from across the country and around the world value and the discussions they are
having with each other. The findings of this study would be of interest to pre-service and in-service instructors, as well as
to practitioners or anyone responsible for creating or maintaining a science-teacher community.

$2.16.4 Using Web 2.0 Tools to Support Student Construction of Scientific Arguments
Jennifer L. Weible, Penn State University, jweeble@gmail.com
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ABSTRACT: Web 2.0 technologies are used to support the development of science content and evidence-supported
argumentation construction in high school chemistry classes. | analyze video-podcasts, delicious.com tags and resources,
individual essays, and questionnaires of learners (n=71) as they participated in a unit on alternative energy resources.
The technology was used to support learners as they constructed science knowledge and scientific arguments using
research that was collected in groups. The goal was to study how technology can support student content learning and
guide evidence-based construction of arguments as groups and individuals.

Strand 13: History, Philosophy, and Sociology of Science

$2.17 Presidential Invited Session - Inquiry, Science Practices, and the Nature of Science

2:45pm —4:00pm, Bonaire 4

Presider: Richard Duschl, Penn State University

Discussant: Gregory J. Kelly, Penn State University

Presenters:

Agustin Aduriz-Bravo, Universidad de Buenos Aires

Douglas Allchin, University of Minnesota

Barbara A. Crawford, Cornell University

Sibel Erduran, University of Bristol

Richard Grandy, Rice University

Renee Schwartz, Western Michigan University

ABSTRACT: This Presidential session will explore issues of philosophical and pedagogical practices related to framing
scientific inquiry and the nature of science as linked or unlinked. Panelists will examine topics across several domains of
science education: 1) the assessment of students understanding(s) of the nature of science, 2) the design and
sequencing of curriculum, instruction and assessment that attends to Strand 3 of the Taking Science to School report
"Students who understand science, understand the nature and development of scientific knowledge"; 3) the current
developments regarding Core Science Standards with an emphasis on Cross-cutting concepts and Science Practices and
4) the competing images of epistemology for framing NOS in science education, cognitive science and science studies.
Panelists and the discussant represent diverse perspectives and scholarly domains within HPSSST (History, Philosophy &
Sociology of Science and Science Teaching). Co-Sponsored with Strand 13 History, Philosophy and Sociology of Science

Strand 14: Environmental Education

$2.18 Environmental Education in Practice

2:45pm —4:00pm, Bonaire 5

Presider: Kim Sadler, Middle Tennessee State University

$2.18.1 Exploring Environmental Education in Schools

Xavier E. Fazio, Brock University, xavier.fazio@brocku.ca

Douglas D. Karrow, Brock University

ABSTRACT: The purpose of this study is to explore environmental education (EE) practices within elementary and
secondary schools. Although some EE researchers have examined particular aspects of environmental literacy as
practiced in schools, there still is a scarcity of research on the detailed nature of these school-based practices. Using
complementary mixed-methods (survey and focus groups) we detail these practices in schools (n=97) found within one
school district. Our findings are categorized according to the following themes: (a) school settings; (b) teaching and
academic background; (c) characterization of environmental literacy; (d) description of current EE practices at the
school; (e) capability in implementing EE; (f) resources used in EE programs. Our overall findings indicate that
elementary schools tend to approach EE using whole-school approaches when compared to secondary schools; and,
those teachers with some formal teaching and academic experience with ecology or outdoor education were the de
facto leaders in their school for EE programming. Furthermore, curriculum standards and school-level administration
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were considered obstacles to sustaining EE programs in schools. Considering the importance of environmental topics in
science education, our study provides a better understanding about the teaching and learning of these topics in school
contexts.

$2.18.2 Measuring the Effectiveness of the Ecology Disrupted Approach for Student Learning of Ecological Principles,
Human Impact and the Nature of Science

Yael Wyner, City College of New York of the City University of New York, ywyner@ccny.cuny.edu

ABSTRACT: This research investigates whether curricular units that link environmental issues to ecological principles
through analysis of real data from published research on the environmental impacts of familiar everyday activities
improve student learning of ecological principles and daily life in the context of human environmental impacts and the
nature of scientific activity. In the Spring 2010, six New York City public high school teachers pilot-tested in their
introductory biology classrooms two Ecology Disrupted case study modules based upon data from published ecology
research and constructed around a question that asks students to use data and prior knowledge to link everyday human
actions to an environmental issue. One case study asks “How might snowy and icy roads be connected to Baltimore
area’s water supply?” and the other asks “How might being able to drive between Los Angeles and Las Vegas in just four
hours put the bighorn sheep at risk?” Students completed pre and post-tests before and after they completed the
Ecology Disrupted modules. Results from the pre/post tests indicate that these modules are effective for increasing
student learning of ecological principles in the context of human impact, human impact in the context of daily life, and
of the nature of science.

$2.18.3 Contradictions? What Contradictions?: Science Teachers do Environmental Education

Michael Tan, University of Toronto, mike.tan.lt@gmail.com

Erminia G. Pedretti, University of Toronto

ABSTRACT: While environmental education appears a natrual fit for science education approaches interested in socio-
political, social justice and ameliorative perspectives, significant theoretical contradictions exist that call for more
research to be done on the curricular and pedagogical aspects of this combination. In this paper, we report on the
results of a study of three teachers as they plan, implement and assess a science content unit taught through an
environmental context. Using qualitative narrative analysis methods, we examine teachers’ intentions and decision
making when integrating environmental contexts in their science classrooms. We found that teachers were mostly
unconcerned with theoretical contradictions, making use of working compromises to get on with the business of
teaching. Structural factors and entrenched patterns of relation continue to serve as obstacles to effective practice,
diluting the critical intent and potential for social change. Implications for educators are discussed.

$2.18.4 An Ethnographic Experience of a Place-based Learning Environment

Carlos Gustavo A. Ormond, Simon Fraser University, cormond@sfu.ca

David B. Zandvliet, Simon Fraser University

Susan Teed, Simon Fraser University

ABSTRACT: The reporting style of this paper follows an ethnographic format in describing one elementary school’s
experiences in achieving their environmental literacy goals, through the development of a place-based learning
environment over a period of five years. This format has been purposefully employed so as to acknowledge and
recognize an alternative approach to traditional academic and science texts in reporting the results of research. In
September 2005 a project began at a Canadian elementary community school (CECS) to support and encourage the
development of a place-based learning environment, in addition to helping the school realize its broad environmental
learning goals. The model that was adopted for the involvement of teachers in studying their own classroom
environments follows a participatory action research (PAR) methodology, which allows teachers, as participants of the
study, to be co-investigators and co-creators of knowledge of the research. We hope to have created a story-map
showing how environmental education is being done in one part of the world, with the goal of sharing this knowledge
with others who see a need for the development of this form of learning.
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PL1 Plenary Session #1

New Urban Leaders for Sustainable Cities of the Future

4:30pm — 6:00pm, Grand Sierra E

Presider: Dana L. Zeidler, University of South Florida

Keynote Presenter: Kalanithy Vairavamoorthy, University of South Florida

ABSTRACT: Cities all over the world are facing a range of dynamic regional and global change pressures, such as climate
change, population growth, urbanization, deterioration of urban infrastructure systems and more. Due to these
pressures cities of the future will experience difficulties in efficiently managing scarcer and less reliable resources.

The current models of resource management, and their corresponding infrastructure, originated from the 19th century,
when populations were relatively small, and there was a view that resources were abundant and the environment
benign. Unfortunately, remnants of this 19th century model are deeply embedded in our thinking and it has been
institutionalized in business, politics and education.

There is a fundamental need for change at the system-wide level in the way we manage our resources, based on a
foundation of research, technology and innovation. Technology breakthroughs and innovative designs need to be
coupled with comprehensive system changes to the urban processes that shape our cities. These complicated challenges
calls for a new generation of urban leaders with radically different thinking, informed by an understanding of human and
natural systems, to deliver a real paradigm shift in environmentally sustainable urban management.

In addition, we need to address the lack in uptake of new science. Creating the imperative for change is extremely
difficult, as it requires a change in the mindset of people — governments, financiers, consulting firms and the general
public. One way science educators may address this issue is though learning alliances — local multi-stakeholder
platforms that guide and support the development and implementation of scientific research.
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Presidential Sponsored Session

$3.1 Symposium - The Cyberlearning Research Agenda: A View from NSF?

8:30am — 10:00am, Antigua 1

Presider: Troy D. Sadler, University of Florida

Janet Kolodner, National Science Foundation, jkolodne@nsf.gov

Nancy B. Songer

Chris Quintana

ABSTRACT: In this session, a NSF Program Officer and Principal Investigators will discuss new developments in
Cyberlearning. The presentation will focus on how the National Science Foundation is conceptualizing a new research
agenda in this area.

External Policy Committee & Strand 15: Policy Sponsored Session

$3.2 Symposium - Exploration and Critique of the NRC's New Conceptual Framework for Science Education Standards
8:30am — 10:00am, Antigua 2

Presider: Andrew Shouse, University of Washington

Discussants:

Charles W. Anderson, Michigan State University

Nancy W. Brickhouse, University of Delaware

George E. Deboer, American Association for the Advancement of Science

Presenters:

Heidi Schweingruber, National Research Council

Sharon Lynch, George Washington University

Elizabeth A. Davis, University of Michigan

Sarah J. Carrier, North Carolina State University

ABSTRACT: This session will focus on the science standards framework currently being developed by an expert
committee of the National Research Council. The NRC anticipates a final, public draft of the framework in early 2011.
The framework, once completed, will serve as the basis for the development of national standards under the auspices of
the non-profit organization Achieve. (That stage in the process is the subject of the related session proposal, The
Development of New Science Standards Aligned with NRC’s Framework). Presenters will describe the goals and
processes of the framework development project. They will also critique the major organizing elements of the
framework. For example, the publicly released draft of the framework included "cross-cutting elements," emphasized
practices of science learning, and learning progressions, and authors strove to focus on "fewer, clearer, higher" learning
outcomes. In principle these organizing elements are resonant with prior efforts to define K-12 science education.
Presenters will clarify the intent of the framework in light of prior efforts and critique the framework. The confirmed
participants in this session include NRC project staff, senior scholars in the NARST community, and seasoned veterans of
the national standards-development dialogue. Heidi Schweingruber, Associate Director of the NRC's Board on Science
Education, and Director of the frameworks project, will lead off with a 30-minute overview of the project.
Schweingruber will describe the NRC framework development process, including project goals, the expertise and
knowledge base of the authoring committee, and the nature and scale of public commentary and review. Following
Schweingruber, Anderson, Brickhouse, and DeBoer will each provide 10 minutes of prepared commentary and critique.
The remaining 30 minutes will be split between moderated discussion of the panelists and question and answer with
audience members.
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Strand 1: Science Learning, Understanding and Conceptual Change
$3.3 Learning Science in High School and College

8:30am — 10:00am, Curacao 1

Presider: Janelle M. Bailey, University of Nevada, Las Vegas

$3.3.1 What Is More Effective - Learning With Worked-Out Examples Alone Or In Pairs?

Iris Mackensen-Friedrichs, IPN -Leibniz Institute for Science and Mathematics Education Kiel, Germany,
mackensen@ipn.uni-kiel.de

Markus Luecken, IPN -Leibniz Institute for Science and Mathematics Education Kiel, Germany

Alexandra Schautz, University of Hildesheim Germany

ABSTRACT: What is more effective - learning with worked-out examples alone or in pairs? Especially learners with
lower domain specific pre-knowledge prefer and benefit from learning with worked-out examples in comparison to
learning with pure problem-solving tasks. The effectiveness of learning with worked-out examples depends on how
thoroughly the learners study the given solution and how intensively they create self-explanations in respect to this
solution. It might be more effective for students to learn by peer interaction instead of learning alone. In our study 152
ninth graders from German high school learnt with biological worked-out examples in pairs (51 dyads) or alone (50
students). With a pre-test and post-test we measured individual learning outcomes. At the first glance, our results
indicate that when learning with worked-out examples in biology, working alone is more effective than studying in pairs,
independent of the learners’ pre-knowledge. Because of further analysis we found first pointers that students with
higher pre-knowledge achieve higher learning outcomes by learning in pairs than by learning individually.

$3.3.2 Navigating Deep Time: Landmarks from the Big Bang to the Present

Cesar Delgado, The University of Texas at Austin, cesar_delgado@austin.utexas.edu

ABSTRACT: Understanding deep time is a central problem in the study of science domains including evolution and
geoscience, and may help students understand the common themes (AAAS, 1993) of constancy and change, and scale.
Related to the conference topic of global sustainability and public understanding of science, an understanding of
multiple scales of time is required to understand how short, medium, and long-term trends interact to affect global
weather patterns and other key environmental and societal challenges of our time. Prior research and theory show that
learners use landmark objects and categories to make sense of the world. This study reports on 48 undergraduates
taking an interdisciplinary Geoscience/History course that covered events from the Big Bang to the present, at a public
research university in the Midwestern USA. The undergraduates' pre-course landmarks included the Big Bang, the age of
empires, and the Cold War. After the course, the emergence of modern nation-states and the formation of the solar
system were added as landmarks. The age of non-landmark events was usually underestimated. Students
conceptualized three eras: human era, a pre-human biotic era, and a pre-biotic era. Implications for instruction and
curriculum development are presented.

$3.3.3 Increasing Inferential Comprehension of Science Texts Using Elaborative Interrogative Study Questions

William G. Holliday, University of Maryland, holliday@umd.edu

Cynthia A. Ghent, Towson University

Stephen D. Cain, Montgomery College

Janice M. Bonner, College of Notre Dame of Maryland

ABSTRACT: Scientists spend their study time comprehending challenging texts, yet reading challenging science texts is
seldom explored by science educators. We contributed to a series of studies in science teaching by providing support for
a powerful questioning strategy consistently shown useful in past clinical conditions (e.g., increased recall among middle
school students by more than 280 %). College students (N=146) were randomly distributed to three groups: (a) an
experimental treatment group asked to read a portion of their course textbook once and correct (i.e., make true in
writing) a set of 12 one-sentence statements pulled from the text at a frequency of about every 200 text words. These
12 pulled statements were transformed earlier by the researcher into false statements, as outlined in the elaborative
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interrogation (El) theory based on increasing retrieval and activation of relevant prior knowledge; (b) a placebo-control
group asked to re-read the same text; and (c) a second baseline placebo-control group used to establish that inferential
comprehension indeed occurred, as predicted. ANOVA supported the hypothesis that El-based questioning strategy in
terms of an inferential comprehension posttest (Cronbach’s alpha = 0.86), as predicted (p<0.01) and between the
treatment and re-reading placebo-control, and re-reading and baseline placebo-controls.

Strand 2: Science Learning: Contexts, Characteristics and Interactions
$3.4 Context and Learning Environment

8:30am — 10:00am, Curacao 2

Presider: Noemi Waight, University at Buffalo

$3.4.1 Analyzing Influences of a Real-life Context Compared to a Subject-related Context on Students' Interest and
Achievement

Eva Kolbach, eva.koelbach@uni-due.de

Elke Prof Sumfleth

ABSTRACT: Due to the consistent disinterest of students in doing and learning science teaching with connection to real-
life phenomena — called contexts — has become more important over the last decades. For teaching with real-life
contexts Krapp (1998) suggested that they can enhance students’ situational interest and, an increased interest can
affect students’ learning achievement. Due to this suggestion, common research has shown positive effects of contexts
on students’ interest, but effects on students’ achievement are, so far, inconsistent and less positive. Hence, the present
study investigated effects of a real-life context compared to a subject-related context on students’ situational interest
and their learning achievement. Thereby, worked-out examples served as context-based learning material. Context-
effects were measured in a pre-post design, conducted by paper-pencil tests. Male- students in the real-life context-
group showed a higher learning achievement than male students learning in the subject-related context-group.

$3.4.2 Employing a Culturally-based Context as a Means to Science Agency: Snow Snakes and STEM

Brant G. Miller, University of Idaho, mill3770@umn.edu

Gillian H. Roehrig, University of Minnesota

ABSTRACT: This paper discusses the development of student science agency as a result of experiencing a culturally-
based science, technology, engineering, and mathematics (STEM) curriculum that used the traditional American Indian
game of snow snakes as a situating context. STEM was viewed as an integrated construct where each discipline works in
unison providing students with content and context-specific problems to solve. Science agency was defined as an
expressed behavior that illuminates positive dispositions toward STEM for the purposes of taking action in a student’s
individual life. A case study research design was used. Results indicate evidence of science agency, identification of
experiences that foster science agency, preliminary model development, and insights into partnering with elders.

$3.4.3 Relationship Between Pre-Service Elementary Science Teachers' Argumentation Quality About Climate Change
and Epistemic Belief Levels

Erdinc Isbilir, Middle East Technical University, isbilir@metu.edu.tr

Hamide Ertepinar, Middle East Technical University

Jale Cakiroglu, Middle East Technical University

ABSTRACT: This study aimed to investigate the relationship between pre-service science teachers’ (PSTs) quality of
written argumentations about climate change issue and their epistemic belief levels. To do this, the researchers
developed an online discussion environment which included two contrasting views about climate change issue in order
to promote PSTs to generate and defend arguments for a period of one-week. A total of 30 PSTs enrolled in Science,
Technology, and Society course were purposefully selected for this study. The PSTs’ epistemic belief levels were
measured by the Epistemic Beliefs Assessment developed by Kuhn, Cheney, and Weinstock (2000) according to which
PSTs were categorized into absolutist, multiplist, and evaluativist belief levels. The quality of PSTs’ written
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argumentations was identified by a modified version of Sadler and Fowler’s (2006) argumentation quality framework.
The relationship between PSTs’ argumentation levels, frequencies of arguments and epistemic belief levels were
described in terms of Pearson product-moment correlations. The results illustrated that PSTs generated mostly higher
levels of argumentations and that the PSTs’ levels of argumentation quality and the frequencies of arguments were
related to their epistemic belief levels. The findings are particularly informing for science education researchers in
designing science learning environments.

$3.4.4 Multimedia Text-Synergy: A Pedagogy to Bridge Adolescents and School Science Literacies

Kok-Sing (Kenneth) Tang, University of Michigan, koksing@umich.edu

Stephen Tighe, Lake Orion High School

Elizabeth Moje, University of Michigan

ABSTRACT: We present research findings of a learning environment called Multimedia Text-Synergy that has the
potential to: (a) bridge adolescents’ out-of-school interests and experiences about the natural world to science
instruction, and (b) develop a critical form of science literacy. The central tenet of Text-Synergy is to recruit and
integrate students’ out-of-school texts and media into formal classroom curriculum and assessment. Based on a design-
based research in a high school physics classroom, we document the overall conceptualization, curricular procedures,
data collection methods, analysis, and evaluation of Text-Synergy. From our research and findings, we claim that the
students were more engaged as they related their interest areas to the study of physics, and at the same, gained some
competency to read beyond the content of a text/media and critique how science is represented across out-of-school
and school science domains. We also draw attention to several issues that augment the theoretical constructs of student
attitudes, engagement, and hybrid third space. Finally, we highlight effective pedagogies that can aid classroom teachers
bring about a closer connection between adolescents’ life-world and science.

Strand 2: Science Learning: Contexts, Characteristics and Interactions

$3.5 Poster Symposium — Supporting Elementary and Middle School Students in Developing, Using, and Refining
Scientific Models

8:30am — 10:00am, Antigua 3

Presider: Christina V. Schwarz, Michigan State University

Presenters:

Brian J. Reiser, Northwestern University

Andres Acher, Northwestern University

Lisa Kenyon, Wright State University

Hamin Baek, Michigan State University

Michele Nelson, University of Michigan

Yael Bamberger, University of Michigan

James A. Hagerty, University of Michigan

Li Zhan, Michigan State University

Jing Chen, Michigan State University

ABSTRACT: In this interactive symposium, we will present an integrated set of posters addressing how both students
and teachers interpret and enact aspects of the scientific modeling practice. The research examines challenges that
emerge and ways that students and teachers succeed in the complex practice in classroom interactions. All the work
stems from a shared conceptualization of modeling practices as modeling performances and metamodeling knowledge,
as defined by the two constructs with four common dimension in our learning progression. The work with teachers
examines how students and teachers interact in elementary classrooms as they makes sense of and enact modeling
practices. It also examines preservice teachers’ growth in understanding of modeling as they engage in teacher
education activities designed to promote their pedagogical content knowledge about scientific modeling. The work with
students explores both elementary and middle school students engaged in modeling with a range of science content. In
this work we identify the aspects of modeling performances and metamodeling knowledge that student develop, and
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the challenges that emerge. The session will consist of a brief introduction, poster interactions, and a discussion to
synthesize main findings and address observations and questions from the audience.

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies
$3.6 Teaching/Learning Science from Multiple Perspectives

8:30am — 10:00am, Curacao 3

Presider: Deborah J. Tippins, University of Georgia

$3.6.1 Examining Culturally Responsive Teaching Practices over Three Enactments of a Personally Consequential
Elementary Science Unit

Christopher J. Harris, SRI International, christopher.harris@sri.com

Patrik Lundh, SRI International

Hannah Lesk, SRI International

Liliana Ructtinger, SRI International

Carlin Llorente, SRI International

William R. Penuel, SRI International

Carrie Tzou, University of Washington, Bothell

Philip Bell, University of Washington

ABSTRACT: Emerging research indicates that science instruction for diverse student groups can be more effective when
teachers are responsive to the funds of knowledge students bring to school. A critical need is to better understand how
culturally responsive teaching practices can be taken up by teachers and become an integral part of their science
teaching. We conducted a study to examine the teaching practices of an elementary teacher who enacted culturally
responsive science instruction supported by an innovative microbiology and health unit. The unit was designed to
support teachers in leveraging students’ culturally based ways of knowing for science teaching and learning. In our case
study, we identified and described instructional moves that were characteristic of the teacher’s culturally responsive
instruction and explored these teaching practices across the timeframe of three enactments over three school years.
Central to our analysis were video records of science instruction taken during each enactment. We employed a scheme
to pinpoint and characterize culturally responsive interactions and develop the case from patterns of evidence. Findings
illustrate the dynamic growth of a teacher’s culturally responsive practice over multiple enactments and contribute to
our understanding of how science instruction can be made more relevant and accessible for students.

$3.6.2 Dramatic Science: Using Theatrical Techniques to Teach Primary (or Elementary) Science

Debbie J. Mcgregor, University of Wolverhampton, debmcgregor@btinternet.com

ABSTRACT: The Dramatic Science approach is comprised of eight different theatrical techniques. This paper reports on
the development of the project (from September 2009 to July 2010) with ten schools in Staffordshire, UK. The
approaches include enacting stories about scientists from the past; modeling scientific processes; discussing and
communicating reflections about the nature and impact of science. The approaches embrace active, engaging,
participatory and exciting ways to learn science. Reflections from the teachers and children provided insightful ‘learning
stories’ about their experiences. The teachers indicated that dramatic science influenced the way they taught science in
a number of ways. They reported that they were now much more aware of children’s prior conceptions, and that
learning activities were now much more active, participatory and more fun. The drama activities also involved more
contemplation about concepts, group discussions of collective ideas and additional reflective talking about science. The
children indicated the project has helped them understand the science better through being more engaged with it and
having to think about it carefully to transform their ideas into a more dramatic form.
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Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies
$3.7 Investigations of Science Teachers' Knowledge and Beliefs

8:30am — 10:00am, Curacao 4

Presider: Toni A. Sondergeld, University of Toledo

$3.7.1 Comparison of Pre-Service and In-Service Teachers' Content Knowledge and Pedagogical Content Knowledge in
Chemistry

Oliver Tepner, University of Duisburg-Essen Chemistry Education, oliver.tepner@uni-due.de

Sabrina Witner, University of Duisburg-Essen Chemistry Education

ABSTRACT: Professional knowledge of teachers is one of the most relevant factors for successful teaching. Two of the
most frequently discussed dimensions of teachers’ professional knowledge, content knowledge and pedagogical content
knowledge, are to be focused on in this project within the context of chemistry instruction. Referring to Shulman,
content knowledge is assumed to be a precondition for the development of pedagogical content knowledge, while both
dimensions should be distinct from each other. Thus, investigating the relation between content knowledge and
pedagogical content knowledge is one important aspect of this study. Because pedagogical content knowledge is
presumed to develop over years in practice, the possible difference between pre-service and in-service chemistry
teachers is also examined. To these ends, a large-scale test instrument has been developed. A total of 105 pre-service
and in-service chemistry teachers of different school forms were asked to fill out a multiple choice test which was
presented in either a hardcopy (paper/pencil) format or online. The study revealed significant differences between pre-
service and in-service teachers, and also between different school forms. Furthermore, significant but varying
correlations between content knowledge and pedagogical content knowledge could be found based on educational
level.

$3.7.2 Physics Teachers' Content Knowledge and Pedagogical Content Knowledge: Developing Test Scales and
Measuring the Relation

Sophie Kirschner, University of Duisburg-Essen, Germany, sophie.kirschner@uni-due.de

Andreas Borowski, University of Duisburg-Essen, Germany

Hans E. Fischer, University of Duisburg-Essen, Germany

ABSTRACT: The study deals with physics teachers’ professional knowledge. For this purpose, model-based test scales for
assessing pedagogical content knowledge (PCK) and content knowledge (CK) for physics teachers were developed. The
model covers cognitive knowledge areas, themes and facets concerning school. It could be shown that the scales are
valid (through a comparison of 93 physics teachers with 14 non-physics teachers and 15 professional physicists) and
show good internal consistencies (a(PCK)=.72 and a(CK)=.83). The significant correlation between PCK and CK (r = .522;
p<.001) shows that physics content knowledge and pedagogical content knowledge have a strong overlap. Further
analyses, including covariates such as professional experience, age or gender, indicate that CK is required, but not
sufficient to expand PCK. Future teacher education should thus focus on more than just conveying content knowledge to
students.

$3.7.3 Autonomy and Self-Determination Theory in Different Contexts: A Comparison of Middle School Science
Teachers' Motivation and Instruction in China and the United States

Laura E. Robertson, East Tennessee State University, lerobert@ncsu.edu

M. Gail Jones, North Carolina State University

ABSTRACT: This study examined factors that contribute to Chinese and United States middle school science teachers’
perceptions of autonomy support. The study used a mixed methods design including quantitative data collected through
an online survey and qualitative data collected through open-ended interview questions. The online survey allowed for
the testing of the structural model developed by Pelletier, Seguin-Levesque, and Legault (2002) using exploratory factor
analysis (EFA) of responses for the combined teacher sample (n = 201). Significance testing for Chinese (n = 107) and U.S.
(n = 94) teachers, based on the factors resulting from EFA, revealed significant differences in teachers’ self-
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determination and perceptions of constraints at work. Multiple regression was used to predict teachers’ autonomy
support for students. Significant differences were found in the predictor factors for Chinese and U.S. teachers. A sub-
sample of the Chinese and U.S. science teachers (n = 19) were interviewed. Teachers in both countries reported that
autonomy was important to their motivation and the quality of instruction they provided to students. Teachers from the
two countries differed in their satisfaction with current levels of autonomy and reported different constraints on
teaching science related to materials, lab space, curriculum standards, and assessment.

$3.7.4 Linking Expert Science Teachers Values with their Practice

Deborah J. Corrigan, Monash University, debbie.corrigan@monash.edu

Rebecca Cooper, Monash University

Stephen Keast, Monash University

Donna King, Queensland University of Technology

ABSTRACT: This paper reports on how expert science teachers’ conceive of what values they hold in relation to science
and science education (and particularly scientific literacy) and how their conceptions and underpinning values affects
their teaching practice. Three perceived expert science teachers who teach both at senior and middle high school levels
and across the range of sub-disciplines (biology, chemistry and physics) were interviewed about their understanding of
science, science education and scientific literacy and how this influenced their teaching practice. The three teachers
were video recorded teaching a middle and a senior high school science class. The data were analysed to identify values
that underpin their conceptions of science, science education and scientific literacy. Particular attention has been paid in
the analysis to the matching of the verbalised conceptions and values with their practice of teaching science. This paper
will report on these data. Part of a large study looking at teachers notions of scientific literacy, this paper considers the
similarities and differences of the notions of teachers from different states of Australia and what may impact their ideas
and actions in the classroom.

Strand 5: College Science Teaching and Learning (Grades 13-20)
$3.8 Mentoring and Development of Graduate Students
8:30am — 10:00am, Curacao 5

Presider: N. Sanjay Rebello, Kansas State University

$3.8.1 Understanding Student Evaluations of their Doctoral Advisors

Geoffrey Potvin, Clemson University, gpotvin@clemson.edu

Mark D. Harmon, Clemson University

Robert H. Tai, Curry School of Education University of Virginia

ABSTRACT: One of the most important parts of the graduate science experience is the advisor-advisee relationship. We
study students' ratings of their satisfaction with their current doctoral advisors and examine which aspects of the
advisor-advisee relationship have a significant impact on their satisfaction. We use data from more than 1000 currently-
enrolled graduate students in physics and chemistry that was collected as part of a national study of chemists and
physicists. Our results indicate that, on average, students are more satisfied with more frequent interactions about their
dissertation research and prefer more collaborative, and less authoritative, relationships. Interestingly, the context
under which a student chose (or was chosen by) their dissertation advisor has an influence over their subsequent
satisfaction: those students who were directly recruited tend to be less satisfied, while those who chose their advisors
based upon their reputation as a mentor or their personality tend to be more satisfied. Lastly, we examine possible
gender effects and find that while gender (of student and advisor alike) has no direct influence on satisfaction, a factor
that assesses the influence of “advisor's gender” on the advisor-advisee relationship does influence student satisfaction.

$3.8.2 What Students and Graduate Programs Can Do to Reduce Doctoral Completion Times
Geoffrey Potvin, Department of Engineering & Science Education, and Department of Mathematical Sciences Clemson
University, gpotvin@clemson.edu
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Adam V. Maltese, Indiana University

Joseph A. Harsh, Indiana University

Robert H. Tai, Curry School of Education University of Virginia

ABSTRACT: This paper examines doctoral completion time amongst PhD holders in physics and chemistry. By analyzing
the responses of over 2000 individual scientists, we develop a model that predicts doctoral completion time using
several different factors related to graduate experiences, research issues, and institutional/departmental factors. To
illustrate the impact of these factors, we compare a pair of hypothetical students who have a set of typical, but
somewhat differing, graduate experiences and show the impact of these differences on completion times.

$3.8.3 Characterizing Strategies Used by Graduate Students in Field Ecology for Coping with Research Challenges
Mika Leon-Beck, The Hebrew University of Jerusalem, mikabeck@gmail.com

Jeff Dodick, Science Teaching Center, The Hebrew University of Jerusalem

ABSTRACT: Recently science education researchers have been characterizing the epistemic practices of lab-based
research students; however, such work ignores field sciences. In this paper we characterize the strategies used by
graduate students in ecology to cope with research challenges, via a qualitative (In-Vivo) study of such students. We
present a general model consisting of two components: knowledge elements needed for implementing research, and
the resultant field-based research skills, which are expressed by coping strategies the students adopt when facing
research challenges. Ours findings suggest that fieldwork is the critical source of practical knowledge influencing three
different coping strategies: “preserving the initial research plan”, “adapting the plan” and “redefining the plan”; these
strategies were observed at all stages of the students research and were based on the students’ experience. Thus, the
most novice students tended to preserve their plans while more experienced students would either adapt or redefine
their plans, based on their better understanding of uncontrolled natural environments. Recognizing such coping
strategies will help novice students better cope with fieldwork challenges, as well as help their advisors better guide
them through this process. This work also has implications for designing inquiry curricula in field sciences for university
and high school students.

$3.8.4 Faculty Mentor-Graduate Student Coauthoring: The Precursors, Processes, and Outcomes of 'Scholarly
Bricklaying'

Michelle A. Maher, University of South Carolina, mmaher@mailbox.sc.edu

Briana E. Timmerman, University of South Carolina

David F. Feldon, University of Virginia

Denise Strickland, University of Virginia

ABSTRACT: This study explores the STEM (science, technology, engineering and math) faculty mentor-graduate student
mentee coauthoring process. Study questions included who initiated the process and why, what roles and

activities define the process, what student research competencies STEM faculty mentors seek to develop, and to what
extent variation exists in responses to these questions by disciplinary affiliation and faculty rank. Findings suggest both
commonalities and differences in roles and activities, and suggest that the coauthoring process is an important one to
understand for reasons beyond student development.

Strand 6: Science Learning in Informal Contexts

$3.9 Outcomes and Outreach: Bridging the Gap in Informal Science Education
8:30am — 10:00am, Curacao 6

Presider: Susannah K. Sandrin, Arizona State University

$3.9.1 The Enduring Effect of Formal Science Learning on Adult Informal Science Learning

Jon D. Miller, University of Michigan, jondmiller@umich.edu

ABSTRACT: Herbert Hyman's seminal work on The Enduring Effects of Education (1975) provided a strong quantitative
case for the lasting impact of formal education throughout the life cycle. This paper utilizes two streams of data —a 22-
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year longitudinal study of middle-school and high school students and three decades of national cross-sectional surveys
—to demonstrate the enduring effect of school science learning on adult scientific literacy and on the ability of adults to
make use of the wide array of informal science learning resources now available. The analysis finds that pre-college
science and mathematics courses predict access to and success in college-level science courses and that college science
courses are the strongest predictors of adult scientific literacy and the ability to access, use, and understand the growing
array of informal science learning resources available today. The expansion of the Internet and related electronic
learning resources has magnified the impact of formal education on informal adult science learning. The paper
concludes with a discussion of strategies to improve linkages between formal and informal science learning.

$3.9.2 Factors Contributing to Adult STEM Knowledge

John H. Falk, Oregon State University, falkj@science.oregonstate.edu

ABSTRACT: Understanding science, technology, engineering and mathematics (STEM) is an increasingly important part
of the daily lives of all citizens. Despite the considerable investment of resources by many for many years to improving
public STEM education, a range of indicators suggest that the publics’ overall understanding of STEM remains relatively
unchanged and well below expectations. These results argue for the need to critically review the various educational
activities that currently lead to adults’ understanding of STEM. This study specifically investigated the relative
contributions to adult science knowledge of variables such as schooling, various adult and childhood free-choice learning
experiences, work-related experiences and the role of “privilege” (e.g., income, race/ethnicity and gender). Regression
analysis revealed that the best predictors of adult science knowledge, in descending order were: 1) Adult free-choice
learning experiences; 2) Demographic variables; 3) Childhood experiences; 4) Direct occupational activities; and 5) Years
of schooling. The findings raise questions about the current disproportionate investment in school-based STEM
education as compared with out-of-school STEM education. If nothing else, the results of this study provide strong
support for the importance of increasing federal, state and local support of free-choice science learning experiences for
both children and adults.

$3.9.3 Experiences with the Informal Science Education Program's Transformation from Documenting Outputs to
Measuring Outcomes

John P. Wells, Westat, johnwells@westat.com

Gary Silverstein, Westat

ABSTRACT: The paper summarizes data from the National Science Foundation’s Informal Science Education (ISE)
Program and to discuss the opportunities and challenges associated with the ISE Program’s transformation from
documenting outputs (i.e., the number exposed to ISE activities) to measuring outcomes (i.e., benefits that occurred as a
result of being exposed to ISE activities). Of particular interest is information pertaining to the type and quality of
project-level impacts and the corresponding study designs and data collection activities delineated by the projects that
participated in an initial pilot test of the ISE Online Project Monitoring System (OPMS). Data collected through the OPMS
are used to examine the collective impact of the ISE portfolio of funded projects, to monitor participants’ activities and
accomplishments, and to inform the design and implementation of future ISE projects. The paper also discusses some of
the challenges that ISE projects encountered in specifying and measuring progress toward audience outcomes—as well
as steps taken by the ISE program and individual projects to overcome those challenges. This paper provides important
information on lessons learned from one of the first attempts to systematically document outcomes in informal science
education settings.

$3.9.4 Exploring Impacts of Professional Development for Informal Science Educators
James Kisiel, California State University, Long Beach, jkisiel@csulb.edu

Susan Magdziarz, Crystal Cove Alliance

Maria Grant, California State University, Fullerton

Donna Ross, San Diego State University

Amy Cox-Petersen, California State University, Fullerton
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ABSTRACT: Given the current interest in supporting STEM learning, it seems reasonable that informal science education
institutions might be tapped to support these efforts. Yet how do the science educators who work and teach in these
institutions develop their practice? What does professional development look like, and how might the effectiveness of
training efforts be documented, especially when there are no ‘student scores’ to compare? This presentation examines
the impacts of a professional development project aimed at supporting science educators working in informal

settings. Both quantitative and qualitative data was used to assess changes that may have resulted from participation in
the program. Findings suggest that the workshop series resulted in three areas of outcomes: personal impacts,
institutional impacts, and professional community development. Implications for additional documentation of
professional development effectiveness will also be discussed.

Strand 7: Pre-service Science Teacher Education
$3.10 Preparing Teachers to Teach Diverse Learners
8:30am — 10:00am, Curacao 7

Presider: Felicia Moore-Mensah, Columbia University

$3.10.1 Preparing Preservice Elementary Teachers to Teach Science in Culturally Relevant Ways

Neporcha Cone, Northern Kentucky University, neporcha@yahoo.com

ABSTRACT: Social-cognitive theory served as the framework to examine the effect of community-based service-learning
(CBSL) on preservice teachers’ beliefs about multicultural science education. Participants included 46 undergraduates
enrolled in two sections of an elementary science methods course. The course’s service-learning component provided
preservice teachers opportunities to teach science to African-American and Hispanic children from low socioeconomic
backgrounds. Participants described their experiences via semi-structured interviews and post-questionnaires. Analyses
of the multiple data sources indicated that weekly interaction with the children broadened participants’ understandings
of diversity, changed their preconceived stereotypes, and impacted their expectations of student success.

$3.10.2 Developing Pre-Service Elementary Teachers' Capacity to Design Science Instruction for English Language
Learners

Meredith E. Houle, San Diego State University, mhoule@mail.sdsu.edu

Michelle Nolasco, San Diego State University

ABSTRACT: Given the increasing linguistic, cultural and ethnic diversity of our students and the recognition that they are
vastly underrepresented in fields of science, it is critical that elementary school teachers have the capacity to leverage
available curricular resources to design challenging science learning experiences. One role of teacher preparation
programs is to build this capacity. In this case we examine 26 elementary preservice teachers’ enrolled in a credential
program explicitly decide to prepare them to teach science to English language learners. In this study, we use mixed
method approach to examine the development of preservice teachers’ pedagogical design capacity, or their ability to
leverage personal and curricular resources, to plan science instruction for their linguistically diverse students.

$3.10.3 Preservice Teachers' Uptake and Understanding of Funds of Knowledge in Elementary Science

David S. Mclaughlin, Susquehanna University, mclaughlind@susqu.edu

Angela M. Calabrese-Barton, Michigan State University

ABSTRACT: We use a “learning to notice” framework to suggest that preservice elementary teachers bring a range of
interpretations and responses to their students’ funds of knowledge and science teaching and learning. By examining
data from three sections of an elementary methods course where fourth-year preservice elementary teachers explored
ways to make science teaching meaningful, relevant, and engaging for diverse students, we describe the ways that
preservice teachers appropriated and made sense of the concept of funds of knowledge in their analysis of classroom
events and in their science lesson planning. We find that preservice teachers recognized students’ funds of knowledge,
assigned value to them, and took account of these resources for science learning in their planning. While preservice
teachers most often described funds of knowledge as a “hook” to gain and sustain students’ interest in the science
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classroom, they also interpreted and utilized funds of knowledge in other ways, including as substantive contributions to
meaning making and positioning students as having expert knowledge.

Strand 7: Pre-service Science Teacher Education
$3.11 Topics in Physics & Space Science

8:30am — 10:00am, Bonaire 7

Presider: Bruce R. Patton, The Ohio State University

$3.11.1 Investigating Elementary Education and Physical Therapy Majors' Perceptions of an Inquiry-Based Physics
Content Course

John M. Hilton, Delaware Technical & Community College, jhiltonl@dtcc.edu

ABSTRACT: This study investigates why physical therapy assistant majors engage and perform better than elementary
education majors in an inquiry-based conceptual physics course at a Mid-Atlantic Community College. The students from
each major are demographically similar, both courses are similar in depth and structure, and each course supports the
students’ program. However, there is an observed difference in the levels of engagement with the curriculum and
performance on writing-based assessments between the two groups. To explore possible explanations for the
difference, | examine students’ affinity for science, their beliefs about the nature of science and scientific knowledge in
the classroom, and their perception of the usefulness of science to their program. During semi-structured interviews,
students from both majors displayed nearly identical weak affinities for science, epistemological beliefs, and uncertainty
about the usefulness of the class. However, the physical therapy majors’ ability to see the relevance of the physics
content to their program enhanced their interest and motivation. In contrast, the elementary education students do not
see connections between science content and their program, and they do not see a purpose for their learning of physics
content.

$3.11.2 Teaching and Learning through a Project-based Unit Implemented with Future STEM Educators: A Design
Study

Jennifer A. Wilhelm, University of Kentucky, jennifer.wilhelm@uky.edu

ABSTRACT: This study documented means by which future STEM educators (pre-service and in-service teachers)
experienced the science and mathematics associated with understanding lunar phenomenon. The paper reports how
well STEM Education graduate students interacted with the project-based materials as they engaged in transdisciplinary
teaching and learning. A mixed-methods approach was used with this semester-long design study to expose how
focused project work facilitated understanding. Four groups of students were compared as they conducted project work
that required the mathematization of the Earth, Moon, and sky. Significant gains were made on lunar-related concept
domains that had been previously resistant to conceptual change. An implication of this design study suggests that the
use of technologies such as Stellarium, Blackboard, and Geometers’ Sketchpad facilitated project progress and aided
understanding.

$3.11.3 Integrating Pedagogy and Content in an Undergraduate Physics Course: What was Learned?

Danielle B. Harlow, University of California at Santa Barbara, dharlow@education.ucsb.edu

Lauren H. Swanson, University of California at Santa Barbara

Hilary A. Dwyer, University of California at Santa Barbara

Julie A. Bianchini, University of California at Santa Barbara

ABSTRACT: We report on an adapted version of the Physics and Everyday Thinking (PET) curriculum, an introductory
undergraduate physics course designed specifically for an audience of pre-service teachers. A unique aspect of PET is its
inclusion of special activities that focus on Learning about Learning (LAL) in which undergraduates analyze videos of
children talking about science and explicitly consider the nature of science and the nature of learning. To create a course
that intentionally linked science content, children's ideas, and strategies for science instruction, we augmented the
existing LAL activities with discussions about teaching, and added activities that focused explicitly on teaching science
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through inquiry. We used video recordings of class discussions, interviews with students, class assignments and surveys
to understand the ideas about teaching science and the ideas about children as science learners that the
undergraduates took up from the class. Here we report on our findings about what the undergraduates learned about
teaching science through inquiry-based instruction.

Strand 8: In-service Science Teacher Education

$3.12 Symposium - Supporting Teachers in Teaching Science as Inquiry: What is the Evidence for Effective Professional
Development?

8:30am — 10:00am, Curacao 8

Presider: Daniel K. Capps, Cornell University

Discussants:

Jan H. Van Driel, University of Leiden, The Netherlands

Judith S. Lederman, lllinois Institute of Technology

Presenters:

Barbara A. Crawford, Cornell University, bac45@cornell.edu

Daniel K. Capps, Cornell University

Julie A. Luft, Arizona State University

Norman G. Lederman, lllinois Institute of Technology

Aik Ling Tan, National Institute of Education in Singapore

Siew-Lee Shirley Lim, National Institute of Education in Singapore

Daniel P. Shepardson, Purdue University

Okhee Lee, University of Miami

John Loughran, Monash University in Australia

ABSTRACT: Many teachers struggle to enact inquiry-based instruction in their classrooms. Our intent in this symposium
is to generate discussion among participants in order to bring forth recent empirical evidence related to effective
strategies for supporting teachers in teaching science as inquiry. The symposium includes researchers from the U.S. and
other countries. A recent review of the literature revealed very few empirical studies related specifically to science-
inquiry professional development actually published in major peer-reviewed journals. We will pose these questions: 1)
What are your views and framework for supporting teachers in carrying out inquiry in the science classroom? 2) What is
the evidence for effective strategies of supporting teachers in learning to teach science as inquiry? Each participant will
give a brief overview of the context of their PD programs, and then a summary of their recent research findings. During
the session participants will highlight what has been learned about aspects of professional development, and issues that
are particularly problematic and strategies that may not be effective. It would be important to develop an empirically
based Inquiry Teacher Professional Development Framework. This symposium can contribute towards this goal.

Strand 9: Reflective Practice

$3.13 Reflection on Teaching Context

8:30am — 10:00am, Bonaire 6

Presider: Ratna Narayan, Texas Tech University

$3.13.1 Problematizing Reflection: Constructing a Cross-Cultural Researcher-Teacher Lens

Tang Wee Teo, University of lllinois, Urbana-Champaign, tteo2 @illinois.edu

ABSTRACT: In the last six years, specialized schooling in sports, arts, mathematics, science, and technology has emerged
in the educational landscape of Singapore. | taught in such a school and engaged in curriculum planning, development,
writing, and enactment after implementing the national curriculum for three years. In examining a U.S. chemistry
teacher at the Illinois Mathematics and Science Academy (IMSA) initiate, rewrite, and enact curriculum changes to an
advanced chemistry curriculum as a graduate student researcher, | reexamined and interrogated my prior experiences,
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knowledge, and experiences in curriculum making. | reflect-in-action through critical inquiry (Lather, 1993) into my
narratives-in-interaction (Bamberg, 2004) with his narratives from lesson observations and interviews. This dialectic,
recursive, reciprocal, and reflexive (Lather, 1993) course of action problematizes reflection as comfortable practice to
critical praxis helping me to address questions about our teacher agency and role in curriculum making in a comparative
context. These narratives and reflections become my analytical tools to capture deeper meanings behind the choices,
decisions, movements, and changes in curriculum work. The analytical process is empowering and enlightening for me
as an educator, researcher, and curriculum maker. The narratives could be shared with educators interested in critical
understanding of teaching at specialized schooling.

$3.13.2 The Examination of The Third Space: A Self-Study

Dashia Magee, The College of New Jersey, dmagee@tcnj.edu

ABSTRACT: In this research study, |, a high school science teacher, examined my role in creating the third space in an
English Language Learner’s biology classroom. The concept of the third space stems from the works of Bhabha (1990,
1994) and Soja (1996), where they examine what happens when two distinct cultures meet and interact with one
another. Therefore, in this paper the third space becomes an examination of the culture of students and the culture of
science. A self-study methodology was employed to examine and better understand the teaching practices associated
with the introduction of this approach. | believed, as a high school teacher, | was successful in creating the third space
for my students, yet | wanted to go beyond the stories | told about my classroom, where the impressions and opinions
were expressed not anecdotally but where developed from an evidence base from which to draw conclusions. Overall,
this self-study offers a model for professional development that can be used as a model to share how one teacher
explored her own approach to working with students who were culturally and linguistically different from her and so be
a catalyst for encouraging exploration of similar approaches in others.

$3.13.3 Visualizing, Investigating & Remembering: Modelling a Critical Place-Based Science Education

Sheliza Ibrahim-Khan, Nipissing University, shelizai@nipissingu.ca

ABSTRACT: Scholarship in science and technology curriculum that encourage societal and environmental dimensions,
are now turning to students’ places to explore teaching and learning. Some of these studies explore projects proposed
by outside initiatives, pay limited attention to collaborative and intergenerational partnerships; and rarely remembers
its sustainability. To address these issues, | propose a model for critical place based science education (CPBSE). Through
participatory action research, data collected such digital video, photographs, and written reflections, were analysed
using the constant comparative method. The analysis yielded a pedagogical model of CPBSE that comprises of three
stages: critical visualizing, investigating, and remembering. | explore this by sharing a case study that connects science to
place using photographs. | discuss its implications for the field of STSE and place based education.

$3.13.4 Technology and Teacher Self-Reflection: Professional Development in the 21st Century

Dino Sossi, Teachers College, Columbia University in the City of New York, dino_sossi@yahoo.com

Janell N. Catlin, Teachers College, Columbia University in the City of New York

Denise Wynn

Margaret Hood

ABSTRACT: Existing technologies allow us to harness the communicative and social aspects of the internet in ways
unimaginable only a short while ago. For example, new technological breakthroughs promote the creation of learning
environments that foster the ability of both teachers and students to analyze, synthesize and disseminate ideas that
incorporate visual and aural elements, among others. This research project implements an internet-based video
interface to improve teacher professional development in the classroom. More specifically, this interface is used by 5th
grade Collaborative Team Teaching (CTT) science teachers working within a university-school partnership focusing on
improving Science, Technology, Engineering and Mathematics (STEM) education in urban schools.
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Strand 10: Curriculum, Evaluation, and Assessment

$3.14 Assessment with Secondary and Postsecondary Students
8:30am — 10:00am, Bonaire 1

Presider: Todd Milford, University of Victoria

$3.14.1 Closing the Feedback Loop: Assessment in an Introductory Physics Course for Non-Majors

Nilay Muslu, University of Missouri, nilaymuslu@mail.mizzou.edu

Deborah Hanuscin, University of Missouri

ABSTRACT: Effective teaching requires that instructors are aware of what students know and how they learn.
Assessment, particularly formative assessment, plays a key role in supporting student learning when it is used to inform
instruction. Though the research literature has many examples of innovative science course reform efforts, few studies
have examined assessment within these courses, particularly in courses that employ multiple components (e.g., lecture,
laboratory, recitation) in which assessment is carried out by different instructors. The purpose of this study was to
understand the way in which information about student learning is disseminated among faculty and teaching assistants
(TAs) undertaking course reform efforts in an introductory physics course for nonmajors. The course was a pilot section
(40 students) of an introductory physics course (algebra-based) for nonmajors at a large Midwestern university. For this
pilot section, the professors worked with four TAs: two who taught laboratory, one who taught recitation, and one who
worked as grader. Data were gathered through observations of class sessions and interviews with students, professors,
and TAs. We will share a model “feedback loop” through which assessment data can be used to inform instruction in
introductory science courses.

$3.14.2 Science Curriculum Reform in Senior Secondary Education in the Netherlands: A Comprehensive and
Longitudinal Evaluation Study

Wilmad Kuiper, University of Utrecht / Netherlands Institute for Curriculum Development, w.kuiper@slo.nl

Elvira Folmer, Netherlands Institute for Curriculum Development

Wout Ottevanger, Netherlands Institute for Curriculum Development / Vrije University Amsterdam

Lucia Bruning, Netherlands Institute for Curriculum Development

ABSTRACT: The chemistry, physics, and biology curricula for senior secondary education in the Netherlands contend
with poor coherence within and across subjects, and with a lack of content relevance. In addition, most programs are
overloaded. The Ministry of Education has established Curriculum Reform Committees, each with the mandate to
develop new examination programs based on a context-based approach. The reforms have been organized around
subject-specific pilots which are subject to a comprehensive and longitudinal evaluation, meant to generate empirical
evidence about the feasibility of the intended reforms. The research group consists of pilot school teachers and
students. Data collection includes a.o. the administration of teacher and student questionnaires, and case studies. The
paper describes and discusses evaluation results of the pilots.

$3.14.3 Formative Interactions in Learning to Teach Science

Pernilla K. Nilsson, Halmstad University, Sweden, pernilla.nilsson@hh.se

ABSTRACT: Despite repeated calls for reliable and valid assessments of teachers’ Pedagogical Content Knowledge (PCK),
tools suitable for assessing the categories of teachers’ knowledge remain inadequate. Therefore, exploring ways of how
to formatively assess student teachers’ PCK is important; both for understanding how PCK develops and for the ways we
might develop strategies in teacher education for science teaching and student teachers” professional learning. This
project highlights the potential to positively focus on formative assessment activities to capture and identify 24 primary
science student teachers” development of PCK over a semester. In the project, formative assessment consists of
activities used by teacher educators to stimulate formative interactions, self and peer-assessment during a semester in
order to provide insights into the development of student teachers’ learning to teach science. The question that frames
the study is “How do formative interactions support student teachers” development of PCK?” As such, the project aims
to connect formative assessment with student teachers’ PCK development and, as a consequence, seeks to determine
how an articulation of this knowledge can inform innovative and meaningful approaches to science teacher education.
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$3.14.4 Using Discussion in Online and Traditional College Courses

Houbin Fang, University of Southern Mississippi, Houbinfang@yahoo.com

Kristy L. Halverson, University of Southern Mississippi

Stephanie P. Williams, University of Southern Mississippi

Xiaolan Li, University of Southern Mississippi

ABSTRACT: Discussion is universally applied in both on-line and traditional face-to-face classes. It can be used in
instruction to engage students in the learning process, assess students’ understandings, initiate inquiry and promote the
development of new understandings. But the evaluation of discussion is not standardized. The purpose of this research
was to investigate how and why instructors use and assess discussion in the online and traditional classes. We
interviewed three professors who taught both on-line and traditional classes and found that the instructors value
discussion as an instructional strategy but use discussion differently in on-line and traditional formats. Additionally, we
found that when instructors used discussion as an assessment tools, they only used it for formative assessment. This
was largely because they were unfamiliar with summative evaluation techniques to use with discussion and there are no
standards accessible for using discussion as an assessment tool. This study provides implications for developing
standards to help facilitates stronger assessment practices using discussion.

Strand 11: Cultural, Social, and Gender Issues

$3.15 Cultural and Linguistic Diversity and Science Teaching: National and International Contexts
8:30am — 10:00am, Bonaire 2

Presider: Mercy Ogunsola-Bandele, Adamawa State University

$3.15.1 Perceptions of Socio-Cultural Challenges and Opportunities in Science Education in Africa

Peter A. Okebukola, University of Science and Technology, Ifaki-Ekiti, Nigeria, pokebukola@yahoo.com

Olatunde Owolabi, Lagos State University, Ojo, Lagos, Nigeria

ABSTRACT: At the close of the 20th century, the report card of Africa in science and technology development was
depressing. In the last five years however, optimism has risen. We report the findings of a two-year survey of 835
African scientists, science educators, senior policy makers and civil society groups on the major socio-cultural challenges
and opportunities for Africa in the 21st century. The study also extracted from the subjects, perspectives on the
directions Africa should turn in science and technology education in the next two decades. Four clusters of challenges
emerged: low investment in science and technology education; scientific and technological illiteracy; poor science and
technology infrastructure; and science and technology human capacity deficit. Elements of a reform agenda for science
education in Africa were ranked by the participants in the study. These include increased investment in science
education; development of national science education strategy; major rethinking of science teacher education
programme and its implementation; greater visibility to environmental education, computer education and population
education in the curriculum; promotion of scientific and technological literacy for all; and promoting the participation of
girls in science. Important recommendations were made for national and regional science education systems in Africa.

$3.15.2 Novelization: Countering Cultural Centralization and the Unitary Language of Science Education

Eijck Michiel Van, Eindhoven University of Technology, m.w.v.eijck@tue.nl

Wolff-Michael Roth, University of Victoria

ABSTRACT: Science educators are facing challenges in accommodating an increasing cultural diversity in science classes
that results from globalization. Despite a substantial body of literature on the issue, little is known of the reasons for
which common and mundane science curricula are so resistant to cultural diversity. In response, we propose a new way
of thinking about and investigating these problems. Following contemporary perspectives on cultural representation and
signifying, we understand science education as a practice where particular cultural images of science are represented.
Drawing on cases from our ongoing ethnographic research on representation practices in science education, we show
that even the most mundane, common and daily representation practices in science classrooms maintain a unitary
language leading to cultural centralization. That is, the very nature of science — to be valid in the same way in every
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place, at every time, in every context —and of the education into this science opposes the desire to cultural diversity.
Specifically, in these practices forms of time and space are posited such that the resulting representations are epics that
mitigate valuing and keeping cultural diversity in science education. Accordingly, we propose to rethink of science
curricula as constituting the novelization of representation practices of science. Such practices allow for a continuous
genre-in-the-making in science curricula capable of appropriating increasing cultural diversity. The implications of this
proposal are discussed.

$3.15.3 Teaching Science for Democratic Reconstruction in Rural South Africa

Gale Seiler, McGill University, gale.seiler@mcgill.ca

ABSTRACT: This research explores science teaching that is situated in the social, historical, and political context of post-
apartheid South Africa. In classrooms where rote learning and corporal punishment had been the norm, a revised
outcomes-based science curriculum now calls for learner-centered classrooms that promote active engagement and the
development of critical and creative thinking. In addition, new language policies promote English as the language of
instruction among teachers and students whose first language is isiZulu. These factor are among many that are currently
shaping the development of science education in South Africa and the learning opportunities of students in rural
KwaZulu Natal, but the transition to these new forms has not progressed smoothly. Cases studies of two Zulu, pre-
service, science teachers reveal strategies that they use to create new classroom interaction patterns that contrast with
a history of passive students and authoritative teachers. Through these examples, the paper explores what democratic
science education might mean in a post-colonial context, such as post-apartheid South Africa, and considers the extent
to which definitions of democratic education and transformative science can and should be universal.

$3.15.4 The Multiple Voices of Agency: Multilingual Science Classrooms for Pre-service Science Teachers

Lizette Ramos, Universitat Autonoma de Barcelona, silvializette.ramos@uab.cat

Mariona Espinet, Universitat Autonoma de Barcelona

ABSTRACT: Most European science classrooms are at present constituted as multilingual learning communities where
two or three languages are used as resources for meaning making. The CLIL (Content and Language Integrated Learning)
approach is being extended in basic and higher education institutions adding new educational demands on science
teachers and science teacher educators. This paper explores the use of this approach for the promotion of pre-service
science teachers’ participations in the acquisition of new discipline-specific knowledge (Science) and new
communicative competences (learning English). Using a sociocultural perspective we explore how the students expand
their agency in the use of resources (material and human) as a way to overcome the difficulties derived from the
necessity to construct a scientific explanation of natural phenomena using English as foreign language. We present a
microanalysis of the small group interactions during an experimental activity. We identify that actions as classification of
objects and use of gestures and pauses, adding to the unequal distribution of social and cultural capital are ways of
participation that promote a collaborative work and afford success. CLIL contexts for pre-service science teachers are
educative settings that promote agency and in consequence their cultural productions are diverse.

Strand 12: Educational Technology

$3.16 Attitudes, Perceptions and Beliefs Influencing Educational Technology
8:30am — 10:00am, Bonaire 3

Presider: Yilmaz Kara, Karadeniz Technical University

$3.16.1 Employing Pedagogical Design Principles for Initiating Distance Learning: STEM Students' Attitudes and
Preferences

Rania Farraj, Technion-Israel institute of Technology, ranialr2@technion.ac.il

Miri Barak, Technion-Israel Institute of Technology

Yehudit Judy Dori, Technion-Israel Institute of Technology

54

54



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Monday, April 4, 2011

ABSTRACT: We present an exploratory study that investigated the feasibility of establishing a graduate distance
education program in science, technology, engineering, and mathematics (STEM). We examined STEM graduate
students’ attitudes and preferences regarding online distance learning (DL). Data collected from an attitude
guestionnaire revealed that only 40% of the participants had experienced DL, but 70% were interested in attending DL
courses. Content analysis of students’ responses to open-ended questions indicated that flexibility in time and place,
facing new challenges, enabling independence, and enhancing professionalism were the primary reasons for future
enrolment in a DL course. Lack of communication with instructors, lack of self-discipline, desire to separate learning
from daily life, and worrying about not being able to understand the learning material were the leading reasons for
avoiding DL adoption. We found that saving/managing time was a recurrent theme amongst DL proponents, while lack
of personal communication was a major concern among DL opponents. Data indicated no statistically significant
differences between gender and age groups. However, we found differences between participants with a post-modern
perception of learning and those who believe in traditional teacher-centered education. STEM graduate students’
attitudes, preferences, and pedagogical design principles are the guidelines of tailoring the DL courses.

$3.16.2 Innovative Information and Communication Technology Systems to Facilitate Student Learning: A Smart
University Classroom in Taiwan

Chia-Li Debra Chen, National Taiwan Normal University, debra@ntnu.edu.tw

Yueh-Hsia Chang, National Taiwan Normal University

Chun-Yen Chang, National Taiwan Normal University

ABSTRACT: This chapter provides an overview of an ongoing research project, namely Center for excellence in e-
Learning Sciences (CeelS), which aims to renovate the current science learning environment in Taiwan by establishing a
Smart University Classroom using innovative Information and Communication Technologies (ICT). Based on the results in
a previously conducted baseline study, several smart classroom technology systems have been suggested by the
students and the instructor to meet their learning/teaching needs. Of which, two systems, Speech Driven PPT (SD_PPT)
and Technology Enabled Interaction System (TEIS), have been developed and pilot tested. The results of the pilot test
showed that in general, students’ perceptions towards the two systems in facilitating their learning are fairly positive.
Students, in particular, showed significant improvement in how they viewed learning with the use of ICT, both learning
motivation and effectiveness with ICT, after experiencing the system.

$3.16.3 Modeling of Student Perceptions of Learning in Connected Science Classrooms: How to Facilitate Learner-
Centered Environments

Soon C. Lee, The Ohio State University, lee.3552@osu.edu

Karen E. Irving, The Ohio State University

Douglas T. Owens, The Ohio State University

Stephen J. Pape, University of Florida

Melissa L. Shirley, University of Louisville

ABSTRACT: Science teachers strive to create learner-centered classroom environments that address both learning and
self-engagement by encouraging students to take on productive ways of learning. Learning goals can be achieved by
active collaboration between the teacher and students by fostering metacognitive and teachers’ awareness of learning.
Recent research studies with connected classroom technology (CCT) have explored ways to support science teachers to
enhance learner-centered approaches in their teaching practice. In science classrooms with CCT, learner-centered
environments can be facilitated with two features: (1) teachers’ awareness of students’ learning (TA), and (2) students’
metacognitive awareness about their learning (SM). The technology-facilitated communication provides a variety of
information not only for the teachers but also for the students. The results presented here are based on student focus
group (SFG) interviews and survey data conducted as part of a larger research project Classroom Connectivity in
Promoting Mathematics and Science Achievement (CCMS). Preliminary data analysis indicates that students report
metacognitive awareness about their learning in connected science classrooms as well as teachers’ increased awareness
of their understanding. This result provides teachers information about how students view the connected classroom and
how teachers can better facilitate learner-centered science classrooms with the technology.
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$3.16.4 Examining Students' Online Searching Strategies and Searching Patterns in Terms of Different Scientific
Epistemological Beliefs

Chung-Yuan Hsu, National Taiwan University of Science and Technology, Taiwan, jackohio@gmail.com

Huei-Tse Hou, National Taiwan University of Science and Technology, Taiwan

Meng-Jung Tsai, National Taiwan University of Science and Technology, Taiwan

Chin-Chung Tsai, National Taiwan University of Science and Technology, Taiwan

ABSTRACT: The purpose of this study was to examine how students of different levels of scientific epistemological
beliefs (SEBs) might influence their online searching strategies and behaviors. Based on the measurement of a SEB
survey, 42 undergraduate and graduate students were recruited and divided into sophisticated and naive SEB groups in
terms of their SEB scores. Additional data were collected through a self-reported instrument and screen capture of the
students’ searching processes. The instrument, Online Information Searching Strategies Inventory (OISSI), consists of
seven scales that explore the students’ online searching strategies. The recorded data were analyzed by sequential
analysis to visualize the searching patterns. The results showed that students with more sophisticated SEBs tended to
employ more advanced online searching strategies and to demonstrate a more metacognitively searching pattern.

Strand 13: History, Philosophy, and Sociology of Science
$3.17 Argument and Socio-scientific Issues

8:30am — 10:00am, Bonaire 4

Presider: Renee Schwartz, Western Michigan University

$3.17.1 On the Functional Roles of Science in Socio-scientific Discussions

Jan Alexis Nielsen, University of Southern Denmark, jan@imada.sdu.dk

ABSTRACT: The purpose of this paper is (a) to introduce to science education research a new analytical framework for
understanding students’ argumentation in socio-scientific discussions; and (b) to present results from an application of
that framework in an empirical investigation of categorically different functions that articulated science contents can
play in such discussions. The paper presents a framework that discloses the dynamic argumentative interaction among
students, through a focus on dialogical processes rather than procedures for monological performance of argumentative
acts. The empirical qualitative investigation was conducted as a case study in which 9 groups of 4-5 Danish upper
secondary school biology students discussed (for 40-60 minutes) to which extent gene therapy should be allowed as a
treatment of humans. A qualitative approach of critical-dialectical realism was applied for analyzing the transcriptions of
the discussions. It was found that there are several different functions that science content can play, and that there are
functions of science beyond explaining or defining phenomena. Science could be used more subtly and strategically - e.g.
as devices for parties to naturalize or justify a set of values that they have. In the presentation categorically different
functions and examples will be presented.

$3.17.2 Currents in STSE Education: Mapping a Complex Field, Forty Years On

Erminia G. Pedretti, University of Toronto, erminia.pedretti@utoronto.ca

Joanne Nazir, Ontario Institute for Studies in Education, University of Toronto

ABSTRACT: It has been forty years since STSE education first appeared in science education research and practice.
Although supported amongst many educators worldwide, there is much confusion surrounding the STSE slogan. Widely
differing discourses on STSE education and diverse ways of practicing, have led to an array of distinct pedagogical
approaches, programs and methods. We are left wondering how we might orient ourselves amidst such a diversity of
propositions. What does STSE look like in practice? What ideological orientations underpin its practice? In this paper, we
review the research literature and educational practices in STSE education in order to: 1) map out a typology of STSE
education in the form of currents, and 2) provide a heuristic that educators can use for critical analysis of discourses and
practices in the field. We identify, explore and critique six currents in STSE education: application/design, historical,
logical reasoning, value centered, socio-cultural, and socio-ecojustice currents. We suggest that these currents may

56

56



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Monday, April 4, 2011

serve as a didactic tool for others, a framework that will assist educators in informing their own theoretical
understandings, choices and practices in the context of STSE education.

$3.17.3 Using Socioscientific Issues to Enhance Reflective Judgment in High School Students

Brendan E. Callahan, Ferris State University, brendancallahan@ferris.edu

Dana L. Zeidler, University of South Florida

Jeffrey Orasky, University of South Florida

Bryan H. Nichols, University of South Florida

Karey Burek, University of South Florida

ABSTRACT: The purpose of this study was to investigate the relationship between a semester-long Socioscientific Issues
(SSI) curriculum and reflective judgment in high school Biology | students. The SSI movement combines social issues with
a moral or ethical component with scientific relevance. Characteristics include open-endedness, controversial nature,
and the use of moral or ethical reasoning. Reflective judgment (RJ) is an epistemological construct designed to examine
how people conceptualize and acquire knowledge. Both SSI and RJ depend on the use of evidence to support decisions.
This quasi-experimental design utilized mixed-methodology in order to study reflective judgment. Although the study
did not result in statistical significance, the reflective judgment scores of the treatment group increased over six months
at a rate higher than predicted over four years of high school. Qualitative data indicates there are specific instances in
which students progressed from pre-reflective to quasi-reflective thought. Although this was a small sample and the
findings require further investigation, there is the potential for the development of reflective judgment in high school
students through the use of an SSI curriculum.

$3.17.4 Argument and Explanation: A Necessary Distinction?

Alexis D. Patterson, Stanford University, alexisdp@stanford.edu

Jonathan F. Osborne, Stanford University

ABSTRACT: This paper is an attempt to address an emergent confusion in the literature and policy documents between
the concept of an argument and the concept of an explanation. During the past two decades the potential role of
argument in formal science education for learning has been a significant focus of research in science education. Some of
the focus of this work has been not on argument per se but rather on student’s ability to construct explanations
(McNeill, Lizotte, Krajcik, & Marx, 2006; McNeill & Krajcik, 2008; Sandoval, 2003). Drawing on an examination of these
and other papers, it is our contention that there exists a conflation of the words ‘explanation’ and ‘argument’. Whilst,
we recognize that the distinction between the terms might seem subtle to the reader, our intention is to demonstrate
that it is not only significant but also important. Moreover, the failure to distinguish between these two concepts is a
weakness in the field. For, if a field lacks clarity about the concept that it seeks to explore and promote as a feature of
classroom practice, then it will fail to communicate its meaning and intent to the wider audience of curriculum
developers, standards developers and teachers.

Strand 14: Environmental Education

$3.18 Expanding EE Understanding Through Technology and Assessment
8:30am — 10:00am, Bonaire 5

Presider: Carol B. Brandt, Virginia Polytechnic Institute and State University

$3.18.1 Assessing the Effect of Systems Simulations on Systems Understanding in Undergraduate Environmental
Science Courses

Heather J. Skaza, University of Nevada-Las Vegas, hjskaza@hotmail.com

Krystyna A. Stave, University of Nevada-Las Vegas

Kent J. Crippen, University of Nevada-Las Vegas

ABSTRACT: This paper describes the results of a paired experiment testing the effect of system dynamics simulations on
systems understanding in an undergraduate environmental science course. The performance of 189 students in four
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sections was measured at several points during the semester. Half of the students used computer-based system
dynamics simulations in their assignments; the other half did not. Results of a regression analysis show that
performance on systems questions immediately following the intervention was significantly better for the experimental
group than the control. The study also highlighted problems in the assessment framework used and led to suggestions
for improving both the systems interventions and the assessment tools. The application of a systems perspective and
the computational systems simulations used as an intervention in this study exemplify a viable solution for achieving the
goal of Global Sustainability and Improving the Public Understanding of Science.

$3.18.2 Investigating the Impact on Student Learning and Outdoor Science Interest through Modular Serious
Educational Games

Elizabeth Folta, SUNY-College of Environmental Science and Forestry, wildlife.educator@gmail.com

Leonard A. Annetta, George Mason University

Rebecca Cheng, George Mason University

Richard Lamb, Campbell University

Shawn Y. Holmes, NC State University

ABSTRACT: In an effort to get children outdoors and exploring the natural environment, a Modular Serious Educational
Game (MSEG), Red Wolf Caper (RWC), was created. RWC uses a combination of an augmented reality (AR) game and a
serious educational game (SEG) to capture the students’ interest in the natural world around them. The game is set
around a mystery in which red wolves in eastern NC are being poisoned. Do mSEG affect students’ understanding in
environmental education concepts, specifically, collecting, and evaluating data collected in-game, knowledge of
environmental systems, and social implications for the reintroduction of a species? The game was tested by 81 middle
school students. They were given a 5-question pretest/ posttest related to the role they played; wildlife biologist,
botanist, or entomologist. Students were asked to develop a hypothesis, provide evidence, and write a letter to a local
judge explaining the importance of the reintroduction project. Sixty-nine completed pretests/posttests scores were
analyzed using a paired t-test (p = 0.000046). The letters to the judge showed that participants understood scientific
concepts and were able to apply them to real world settings. This study explores one possibility of how mSEGs can be
used in education.

$3.18.3 An Examination of Nonformal Environmental Educators’' Technology Use to Promote Earth and Environmental
Science Learning

Tamara E. Peffer, Lehigh University, tep205@Iehigh.edu

Alec M. Bodzin, Lehigh University

ABSTRACT: This study examined the use instructional and learning technologies by nonformal environmental education
practitioners (NFEEPs) to promote earth and environmental science learning. An internationally distributed 40-question
survey was developed to inquire about NFEE demographics, technology use in practice, and beliefs about technology.
The survey consisted of multiple choice, Likert-type and open-ended questions, and included the Technology Attitudes,
Perception, and Support Scale (TAPS). TAPS was designed to examine pedagogical philosophies about technology use,
self-efficacy, and perceived obstacles to technology integration within environmental education contexts. The survey
was completed by 406 NEEPs. TAPS had a total score reliability (Cronbach alpha) of 0.809. Findings revealed a
philosophical acceptance and willingness to use technology in NFEE instruction. However, while participants regularly
utilize a variety of productively software, few integrate learning technologies into their instructional venues to enhance
cognition and learning in the earth and environmental sciences. As a representative group, the 406 participating NFEEs
indicated that they recognize the potential of technology to improve learning, reduce negative experiences, and build
emotional ties to the environment.

$3.18.4 Longitudinal Analysis of Student Responses: Insights Gained Regarding Instrument Quality and Ecological
Concept Development

Elsa Schaub, University of Arizona, eschaub@email.arizona.edu

Bruce Johnson, University of Arizona
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Sanlyn Buxner, University of Arizona

ABSTRACT: This study assessed the quality of six test items from the Ecological Concept Questionnaire (ECQ), an
instrument consisting of multiple choice items that is used in the evaluation of environmental education programs. The
study analyzed individual responses from 116 students who participated in a sequence of earth education programs,
Earthkeepers and Sunship Earth, designed to help students build deep, integrated understandings of energy in natural
systems. We examined patterns of student responses to individual test items over four different points in time, before
and after both programs. We describe how crisscross diagrams, graphic representations of individual student answer
responses to individual items across time, allowed us to uncover subtle but important issues with individual test items
and helped us pinpoint influences of specific program activities on student understanding that could be easily
overlooked if student answers were analyzed as a whole. The insights gained from this study contribute to the overall
improvement of instruments currently in use to measure the impact of environmental learning programs and also of
program activities to better support student understanding of energy concepts.

Awards Committee Sponsored Session

S4.1 Symposium — Setting out in Science Education Research

10:15am —11:45am, Antigua 1

Presider: Xiufeng Liu, University at Buffalo, SUNY

Presenters:

Thomas R. Tretter, University of Louisville

Heather Toomey Zimmerman, Pennsylvania State University

ABSTRACT: In this symposium presentations will be made by two winners of NARST 2010 Awards. Heather Toomey
Zimmerman, as winner of the Outstanding Doctoral Research Award, will reflect on the development of her doctoral
dissertation ‘Everyday science and science every day: Science-related talk and activities across settings’ and outline the
current direction of her research. Thomas R. Tretter, as winner of the Early Career Research Award, will outline his
programme of work on nanoscale cognition and point to further research developments in this area. Both of these
presentations will be of special interest and potential inspiration to those just setting out in science education research.

External Policy Committee & Strand 15: Policy Sponsored Session

$4.2 Symposium — The Development of New Science Standards Aligned with NRC's Framework

10:15am —11:45am, Antigua 2

Presider: Sharon Lynch, George Washington University

Discussants:

Stephen Pruitt, Achieve

Joseph S. Krajcik, University of Michigan

Janice Earle, National Science Foundation

Francis Eberle, National Science Teachers Association

Andrew Shouse, University of Washington

Elizabeth A. Davis, University of Michigan

Sarah J. Carrier, North Carolina State University

Jerome M. Shaw, University of California Santa Cruz

ABSTRACT: The focus of this session will be on the efforts of Achieve to develop a new set of science standards that
follow from the NRC's Framework for Science Education. Based in Washington, DC, Achieve is an independent,
bipartisan, non-profit organization created in 1996 by the nation's governors and corporate leaders. Its goal is to help
states raise academic standards and graduation requirements, improve assessments and strengthen accountability.
Achieve was a critical partner in the development of the Common Core Standards and Assessments for mathematics and
English/Language Arts. Achieve's efforts in creating the new science standards are funded by the Carnegie Foundation.
When the NRC's Framework for Science Education has been finalized (possibly March, 2011), it falls to Achieve to take
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the lead in developing new science standards based upon the Framework. This symposium will describe the processes in
place to develop the new set of science standards, focusing on how members of the NARST community might be
involved. It will also provide discussion of the similarities and differences in the process for developing science standards
compared to for the development of the Common Core State Standards and assessments for math and language arts.
The speaker representing Achieve and its science standards effort is the Stephen Pruitt, who joined Achieve as the
Director of Science in July of 2010. Stephen began his career as a high school Chemistry teacher in Georgia, later joining
Georgia Department of Education as the Program Manager for Science, the Associate Superintendent of Assessment and
Accountability, and the Chief of Staff to State School Superintendent Kathy Cox. Stephen has also served as President of
the Council of State Science Supervisors, and as a member of the writing team for the College Board's Standards for
College Success Science Standards. Most importantly for this symposium and the science standards development, Pruitt
served on the National Academies of Science's Committee on Conceptual Framework for New Science Education
Standards. Following Stephen's 45 minute talk on the progress and prognosis for a new set of science standards, there
will be 45 minutes for discussant responses from Janice Earle, the National Science Foundation; Joe Krajcik, member of
the NRC Science Framework Committee and the Achieve Science Standards group, and Francis Eberle, Executive Director
of NSTA, who will discuss the policy implications of standards for science teachers, schools and state school systems, as
well the implications and new directions for the science education research community.

Strand 1: Science Learning, Understanding and Conceptual Change
S4.3 Scientific Reasoning in the Life Sciences

10:15am —11:45am, Curacao 1

Presider: Deborah C. Smith, The Pennsylvania State University

$4.3.1 Models as Epistemic Anchors: How Model-based Inquiry Can Create Epistemic Demand

Julia Svoboda, Georgia Institute of Technology, jsvoboda3@gatech.edu

Cynthia Passmore, University of California, Davis

ABSTRACT: We investigated how model-based inquiry (MBI) could potentially create opportunities for students to
experience epistemic demand. We took a descriptive approach, relying on empirical examples to explore what
epistemically demanding tasks looked like for students. The context of this work was the Collaborative Learning at the
Interface of Mathematics and Biology (CLIMB) program, an NSF-sponsored traineeship for undergraduate biology and
mathematics majors that introduced them to mathematical modeling in biology. Using field notes, transcribed video,
written task instructions, and student-authored documents from six different instructional modules, we described
empirical examples that highlighted differences in epistemic demand. The examples we chose contrast model-anchored
tasks, in which student activity was explicitly linked to the ideas in the scientific model and model-decoupled tasks, in
which the model itself was not at the center of the activity. These contrasts provide a detailed look at what it looks like
for a task to support epistemic demand and identifies missed opportunities in tasks that do not. Our results suggest that
the potential of MBI to create epistemic demand depends upon helping instructors develop relevant tasks as well as
preparing students with the strategies they need to take responsibility for generating and evaluating scientific
knowledge.

$4.3.2 Helping Students Learn More Expert Framing of Complex Causal Dynamics in Ecosystems Using ECOMUVE

Tina A. Grotzer, Harvard Graduate School of Education, Tina_Grotzer@pz.harvard.edu

Shane Tutwiler, Harvard Graduate School of Education

Amy Kamarainen, Harvard Graduate School of Education

Shari Metcalf, Harvard Graduate School of Education

Chris Dede, Harvard Graduate School of Education

ABSTRACT: Research suggests that students make a different set of assumptions about the nature of the complex causal
dynamics and systemic structure than ecosystems scientists do when reasoning about ecosystems dynamics (e.g.
Grotzer & Basca, 2003; Hmelo-Silver, Pfeffer, & Malhotra, 2003). For instance, students are likely to assume that causes
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and effects behave in an event-like fashion, to act locally and within an abbreviated time span, and to assume
intentional actors as the causal entity. Seventh and eighth graders’ (n = 69) causal assumptions were tested early and
late in the learning process as they worked with a Multi-user Virtual Environment (MUVE) called EcoMUVE designed to
simulate ecosystems patterns and structural causalities. The affordances designed into the ECOMUVE enabled students
to test their initial causal assumptions and to realize their limited explanatory power for solving an ecological problem
posed within the virtual environment. Students’ later reasoning revealed shifts towards more expert framing of
ecosystems causal dynamics for some of the ecosystems features such as action at a distance.

$4.3.3 Supporting Students in Developing Explanatory Models of Natural Selection

Brian J. Reiser, Northwestern University, reiser@northwestern.edu

ABSTRACT: The difficulties in teaching students about natural selection have been well documented. Helping learners
develop more sophisticated models of natural selection requires supporting them in building an evidence-based
explanation for each of the steps in the natural selection process (pre-existing variation, changing environmental
conditions, differential survival, passing on traits). We describe a study of classroom enactments of a project-based unit
that helps students develop this model through a series of data-based investigations of population change. The unit
builds on the students’ prior experience in developing explanatory models to fit data as part of the Investigating and
Questioning our World Through Science and Technology (IQWST) curriculum series. Each case includes data on
population variation, survival value of traits, changing environmental conditions, and heritability of traits. The first case
concerns the increase and decrease of the carbonaria variant of the Peppered Moth with changing pollution levels. The
second case involves explaining differential survival within a population of Galapagos Finches, using software tools to
access and analyze data. Students then draw on the explanations of these two cases and develop a more general model
of population change to be applied to new cases. We will present studies of this natural selection unit in three 8th grade
classrooms that examine the explanatory models students developed in classroom activities, their explanations for the
moth and finch population changes, and written assessments of their understanding of natural selection.

$4.3.4 Under the Microscope: A Study of Lab-based Instruction in Biology

Gillian Puttick, TERC, gilly_puttick@terc.edu

Brian Drayton, TERC

Meaghan Donovan, TERC

ABSTRACT: We report results from a study on research on life-science laboratory experiences in the English-language,
peer-reviewed literature. The study focused on the extent to which research addressed student learning about the
characteristics of living systems and the growth of students’ biological reasoning. We examined research methodology,
biological subject matter addressed, and materials and methods used in the lab. We also sought to establish some
estimate of the degree of student inquiry that the lab allowed. This paper will focus on findings on: i) the basic
characteristics of the corpus, ii) the biological domain addressed, iii) the degree of inquiry, pedagogical design and
activity structure, and iv) student outcomes. The literature on biological lab experiences is not rich, and there is no
warrant yet for a coherent approach to use of labs to encourage biological reasoning. We hope to stimulate a
conversation about the role, value, and design of laboratory experiences that will strengthen our students'
understanding of the processes of life. We will discuss the balance between the conceptual backbone of the life-science
curriculum and the values of an inquiry approach, as well as the pedagogical setting that mediates the way students
engage in these activities.

Strand 2: Science Learning: Contexts, Characteristics and Interactions
$4.4 English Language Learners in the Science Classroom

10:15am —11:45am, Curacao 2

Presider: Carol L. Stuessy, Texas A&M University
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S$4.4.1 The Use of Evaluative Questions to Shift ELL Student Engagement in a Secondary Science Classroom

Traci S. Baizer, University of Washington, tracibaizer@hotmail.com

ABSTRACT: An action research study was conducted in a secondary school with a focus on a sheltered science
classroom. Drawing on the constructs of the sociocultural theory, this study examines how a shift in engagement can
alter the participant structure for all students in a classroom discourse. English Language Learners (ELLs) who may
experience greater demands to participate in whole-class discussion are less likely to stay engaged and experience a
deeper understanding of science concepts. This research suggests that a shift in student engagement can be fostered
amongst all students through the use of student-generated evaluative questions. A shift in participation during this
research produced evidence of (a) ELL students helping each other make sense of the science concepts through the use
of their own languages (b) all students pressing each other for further justification and (c) better communication of ideas
and reasoning during a whole-class discussion. This study illustrates how a linguistically-scaffolded classroom discourse
activity can be used to help all students better understand how to draw on evidence to justify their scientific responses
during discourse.

S4.4.2 Changing Perceptions about Science for Underrepresented Students through an Authentic Inquiry-based
Investigation

Xenia Meyer, University of California, Berkeley, xenia.meyer@berkeley.edu

Barbara A. Crawford, Cornell University

ABSTRACT: This study investigates how the context of authentic investigation may alter and shape underrepresented
students’ views about science. This research follows the implementation of the Fossil Finders project in an urban middle
school classroom serving English language learning (ELL) students from Latino backgrounds. Following participation in an
authentic investigation and interaction with a scientist, students demonstrated views about science as 1) more than just
a subject at school, 2) different than media-based examples of “mad scientists” in white lab-coats, and 3) more specific
to the discipline of geology. Students also demonstrated self-identifying as scientists to a greater extent and greater
interest in pursuing scientific careers. The changes in student perspectives coming out of the intersection between
students’ school-worlds of science and the practices of actual science illustrate the need to bridge between these
disparate spaces and to create learning opportunities that facilitate students in doing so. The instructional approach
used by the Fossil Finders poises initiatives that seek to draw together school, science, and students’ everyday
understandings as promising for engaging underrepresented students in science.

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies
$4.5 Understanding Student Ideas

10:15am —11:45am, Curacao 3

Presider: Suna Ryu, UCLA

$4.5.1 Preschool Children's Views about Science and Scientists: Findings from an Innovative Research Instrument
Mia Dubosarsky, University of Minnesota, dubo0053@umn.edu

ABSTRACT: What do young children think about science? What stereotypes do they hold about scientists? When do
these views develop? These fundamental questions in the field of science education have rarely been studied with the
population of preschool children. One main reason is the lack of an appropriate research instrument that addresses
preschool children’s developmental capabilities. The current study presents the development of a pioneering research
tool, developed for studying young children. This tool, in the form of a computer ‘game’, does not require reading,
writing or expressive language skills and is operated solely by the child. The program engages children in several simple
tasks involving picture recognition, and yes/no answers in order to reveal their views about science and scientists. The
article describes the instrument’s components, methods of analysis and findings of pilot and large scale studies,
suggesting that children as young as 4 years old possess an emerging concept of science. The findings also suggest that
the instrument successfully detects differences in choice’s pattern among dissimilar groups of children grouped by
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gender, age or classroom. Findings from this interdisciplinary study will contribute to the fields of early childhood
research, science education research, program evaluation and early childhood curriculum development.

$4.5.2 Understanding Elementary Students Knowledge of Health and Wellness

Ann W. Wright, Canisius College, wrighta@canisius.edu

Sue Tunnicliffe, University of London

ABSTRACT: Six activities have been developed to address two general curricular problems. One problem is the lack of
integrated human biology curricula and the second problem is health advocacy. Each activity includes first, subject
knowledge, which comes from the basic science facts in the main body of the lesson, second, inquiry acquisition, asking
guestions, analyzing a situation or finding out what problems there are, thirdly, subject related communication, this will
be communicating with others. The topics present the context in language appropriate for the student. The assessments
include a diagnostic assessments which determine the students prior knowledge, formative assessments that determine
what the students are learning as they work through the activity, and a summative assessment. The study has led to
insights in particular practices of instruction using activities that not only teach human biology (Connolly, 1998;
Onwuegbuzie & Leech, 2004) but also teach health, wellness, inquiry skills, and process skills. As observed by Nastasi
and Schensul (2005), qualitative research is essential for providing the initial evidence necessary for application of
connection to real-life situations and for identifying core components which are related to required outcomes.

$4.5.3 An Exploration of Upper Elementary Students' Storyboarded Conceptions of Magnetism

James Minogue, North Carolina State University, james_minogue@ncsu.edu

John C. Bedward, North Carolina State University

Eric N. Wiebe, North Carolina State University

Lauren Madden, Science Education North Carolina State University

Mike Carter, North Carolina State University

Zebetta King, Swift Creek Elementary School

ABSTRACT: To help combat the proliferation of “reasoning thin” elementary science curricula, exploratory work is being
done around the use of student storyboarding (sequenced graphical representations and text) as a tool to promote the
deep learning of elementary school science. This research paper reports upon a small-scale design-based research study
being conducted to build local theory around ways to orchestrate upper elementary students’ “conceptual encounters”
with magnetism. Using a mixed-methods approach, we systematically placed student work along a surface to deep
learning continuum that included five levels of sophistication ordered in terms of various characteristics including the
movement from the concrete to the abstract, the use of an increasing number of organizing aspects, increasing
consistency, and the relating and extending of key principles. Second level analysis generated more nuanced data
regarding students' meaning making using graphics and text. In this analysis we looked at several dimensions of interest
including evidence of student metacognition, conceptual moves between the abstract and the concrete, and changes in
students’ private theories as a result of the experience found between frames (both in writings and drawings). The
results and discussion will highlight the critical connections among students’ conceptions, abstract reasoning with text
and graphics, and pedagogy.

Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies
S4.6 New Programs and Resources for Middle and High School Science Teaching

10:15am —11:45am, Curacao 4

Presider: N. Sanjay Rebello, Kansas State University

$4.6.1 Analysis of Teaching Resources for Implementing an Interdisciplinary Approach in the K-12 Classroom
Morgan B. Yarker, University of lowa, morgan-e-brown@uiowa.edu

Soonhye Park, University of lowa

ABSTRACT: Articles from the National Science Teacher Association (NSTA) publications during the past five years were
analyzed to investigate the characteristics of resources available for teachers who want to implement interdisciplinary

63

63



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Monday, April 4, 2011

approaches into the science classroom. Articles were coded based on the discipline incorporated as well as the teaching
tools provided so teachers can implement the lessons in their own classrooms. Of the articles read, approximately 13%
of Science & Children, 21% of Science Scope, and 17% of The Science Teacher articles met the interdisciplinary approach
criteria. Student t-tests were used to analyze the statistical significance between using multiple disciplines in the science
classroom. Results show that overall, reading, writing, art, and technology are the subjects most commonly integrated
into science. Surprisingly, math is rarely discussed across all school levels. The articles most frequently provided
resources, such as books, as teaching tools; followed by lesson plans, general strategy, and real-classroom examples.
Comparing the articles across different school levels, Science Scope articles have the highest number and most
integrated articles, whereas The Science Teacher had the fewest and least integrated articles.

$4.6.2 Identifying and Replicating Successful Teacher Practices in Urban Science Education

Christopher Emdin, Teachers College, Columbia University, ce2165@columbia.edu

ABSTRACT: This paper provides a framework for successful secondary school teacher practices in urban science
classrooms by focusing on the practices of six teachers. By implementing tools for identifying successful practices, and
uncovering ways that these practices could be identified and replicated, the research suggests that successful teaching
can be supported in urban science classrooms.

$4.6.3 Teachers' Implementation of Digital Media and Inquiry Teaching Strategies Following Online Professional
Development

Lauren B. Goldenberg, Education Development Center, Igoldenberg@edc.org

Scott Strother, Education Development Center

Alice Anderson, Education Development Center

Camille Ferguson, Education Development Center

Marian Pasquale, Education Development Center

ABSTRACT: This descriptive case study project examined the teaching practices of eight high school biology teachers
during their genetics and evolution units. The teachers participated in a larger research study on the impact of an online
professional development course that focuses on using digital resources and inquiry strategies to teaching genetics and
evolution. We used a range of data sources to answer the following questions: (1) How did the teachers use digital
media during their genetics and evolution units to enhance student engagement and learning? (2) What pedagogical
strategies from the course did teachers use during their genetics and evolution units? We interviewed each teacher
three times over the course of the school year; conducted one site visit that included observations and student focus
groups; and collected artifacts using the Scoop Notebook process (Borko, Stecher & Kuffner, 2006). Preliminary findings
indicate that teachers find inquiry strategies very difficult to incorporate into their teaching practice; they reported using
more digital resources due to the course; the main use of digital resources was as a supplement to lectures on genetics
and evolution topics; school culture and state policies worked against implementing any change in practice.

$4.6.4 Accelerating Achievement in Math and Science in Gifted Urban Students (AAMSUS): A Project-based; Guided
Inquiry Program and the Nature of Science

Andrea R. Milner, Adrian College, amilner@adrian.edu

Toni A. Sondergeld, The University of Toledo

Laurence J. Coleman, The University of Toledo

ABSTRACT: This study investigates whether AAMSUS, a federally funded Javits grant focused on enriching gifted urban
middle grade students’ math and science skills, fostered the development of deeper understandings of the nature of
science (NOS) in its students. Our research was guided by this question: Does the science component of AAMSUS,
designed to provide NOS experiences (implicit) and instruction (explicit), influence students’ views of the nature of
science? A greater number of informed views were found at the end of AAMSUS program than at the beginning, for
seven of the eight VNOS-C categories: Empirical, Tentative, Creative, Inferential, and Scientific Method NOS aspects.
However, more Informed Views for the Theory Laden NOS dropped slightly from the pre-test to the post-test. This
research can, in part, provide valuable insight for classroom teachers to use to guide their future science instruction by
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identifying and distinguishing the NOS concepts that students find less complicated to comprehend and the NOS
concepts that students find more challenging to comprehend.

Strand 5: College Science Teaching and Learning (Grades 13-20)
S4.7 Developing Scientific Research Skills in Undergraduates
10:15am —11:45am, Curacao 5

Presider: Leila Amiri, University of South Florida

$4.7.1 The Impact of the Owens Ready Bridge on Student Preparation, Interest, and Confidence

Tracy L. Huziak-Clark, Bowling Green State University, thuziak@bgsu.edu

Staaden Moira Van, Bowling Green State University

Anne Bullerjahn, Owens Community College

ABSTRACT: In its third year of NSF funding the Owens Ready Bridge (ORB), part of the SETGO (Science, Engineering, and
Technology Gateway of Ohio), is an important collaboration between 2 and 4 year institutions of higher education. The
SETGO program includes a three-tier approach to increasing the total number of students entering and matriculating
through STEM degree programs. The focus of this research is on the ORB which provides an interdisciplinary approach
including field trips to assist graduating high school students or transfer students in preparing for the rigors of academic
study at a four-year institution in STEM disciplines. The ORB consists of a supportive, small-group, hands-on, integrated
laboratory and classroom instruction for 10 hours each week. Findings suggest that students feel more confident not
only in their preparation for the rigors of a STEM degree, but also in their decisions to complete the degree. Participants
cite the small group learning environment, faculty and peer mentoring, as well as integrative learning activities and field
trips as reasons for their increased confidence. The data also shows that the ORB program has been successful at
exceeding graduation rates from the 2-year institution as well as transferring into STEM degree’s at the four-year
institutions

$4.7.2 Undergraduate Science Research and the Nature of Science: Is Opening the Door to Understanding Enough?
Lara B. Pacifici, Kennesaw State University, Ipacific@kennesaw.edu

ABSTRACT: Undergraduate research in science has greatly increased over the past two decades. Scholarly research has
highlighted benefits, such as increased research skills and understanding of the development of scientific knowledge,
gained by students through undergraduate science research. While students who do undergraduate research are well-
prepared to grapple with questions on the nature of science when prompted to critically think about their ideas about
science, the purpose of this study was to explore whether the experience of doing research is enough for students to
grasp the nature of science. Interviews with undergraduate science majors were analyzed using methods gleaned from
Grounded Theory. Through their experiences in the lab or the field, students realized that a general and universal
method for research may not exist and that evidence accumulated carefully in research may not result in sure
knowledge, but instead of realizing that what they experienced in their research reflects the nature of science and
research, students perceived their research experiences as distinct from objective science. Encouraging students to
explicitly reflect on how their experiences with science research relate to the overall nature of science may be a way to
bridge the gap between the nature of science and science research experiences.

$4.7.3 A Comparison of Two-year and Four-year College Students' Undergraduate Research Experiences

Jeffrey S. Carver, West Virginia University, Jeffrey.Carver@mail.wvu.edu

Roger House, William Rainey Harper College

William J.F. Hunter, lllinois State University

Gregory Ferrence, lllinois State University

ABSTRACT: This paper will report on the findings of an on-going, government supported, study of undergraduate
research (UGR) at a collaborative of two-year colleges (2YCs). Students at 2YCs were engaged in an UGR experience
during the academic year followed
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by a summer internship at a partnering four-year college or university. Students engage in research with faculty at the
2YC in an attempt to enhance their undergraduate experience. The Survey of Undergraduate Research Experiences
(SURE) was administered at the end of both summer and academic year experiences throughout the project. Aggregated
means show that as the program progressed, students engaged in the 2YC collaborative showed greater gains than their
4YC counterparts in all areas measured by the SURE by the fourth year of the program.

$4.7.4 Improving Undergraduate Life Science Students' Rhetorical Consciousness of Research Articles

Lacum Edwin B. Van, University of Groningen, e.b.van.lacum@rug.nl

Martin J. Goedhart, University of Groningen

Miriam A. Ossevoort, University of Groningen

ABSTRACT: The ability to successfully read and comprehend a research article (primary literature) is a skill every science
student in higher education has to master. Therefore, we have developed a teaching strategy which aims to teach
undergraduate life science students how to read primary literature. To achieve this, we made use of genre analysis:
students will be better readers if you make them conscious of the different textual elements (rhetorical moves) in a
research article. The teaching strategy was implemented in a 10-week course. Our research questions were: 1) What is
the actual progress of students in their ability for identifying rhetorical moves in research articles during the course? 2)
What remaining difficulties do students mention at the end of the course? By using a pre-test, post-test and
guestionnaires we measured the effects of the course. Our analysis of the data suggests that our teaching strategy is a
successful method to improve undergraduate students’ rhetorical consciousness. Students were more able to identify
the rhetorical moves in a research article and they also could do it in less time. Further research should reveal if our
teaching strategy can be used in different disciplines like chemistry and physics.

Strand 5: College Science Teaching and Learning (Grades 13-20)
$4.8 Strategies for Improving Student Learning in Biology
10:15am — 11:45am, Bonaire 7

Presider: Toth Eva Erdosne, West Virginia University

$4.8.1 Explaining the Visible with the Invisible: Students' Conceptual Representations of the Genetic Origin of
Variation

Speth Elena Bray, Saint Louis University, espeth@slu.edu

Matthew Dirnbeck, Saint Louis University

Paul Le, Saint Louis University

Jennifer L. Momsen, North Dakota State University

Tammy M. Long, Michigan State University

Sara A. Wyse, Bethel University

ABSTRACT: Introductory biology students traditionally acquire fragmented and compartmentalized information,
presented as a linear sequence of facts with few or no connections among them. In the context of a reformed
introductory biology course on genetics, evolution and ecology, we aimed at promoting an integrated way of learning
biology. The overarching goal was that our students would understand how the information contained in genes is
reflected in organisms’ traits, and how these traits determine the reproductive success of individuals in different
environments ultimately influencing population composition and, in the long term, leading to evolution. We aimed to
develop: (a) a pedagogy that would promote this kind of learning, and (b) a method to assess whether students could
reason about biological systems and represent their knowledge in an interconnected way. Structure-Behavior-Function
(SBF), an ontology widely used to describe models of complex systems, guided our development of pedagogy and
assessment. We present one example of how student-generated SBF models can inform us about their understanding of
a particularly difficult concept in biology, the genetic origin of variation among individuals in a population.
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$4.8.2 A Mental Mobile: Using Branch Rotation to Solve the Puzzle, Are these Trees the Same?

Jill D. Maroo, University of Southern Mississippi, Jill.Maroo@eagles.usm.edu

Kristy L. Halverson, University of Southern Mississippi

ABSTRACT: Phylogenetic trees are often thought of as mobiles, with branches swiveling around nodes. However, these
trees are normally drawn as two dimensional diagrams, causing branch rotation to take place on a mental level, through
mental rotation. The purpose of this study was to explore possible links between phylogenetic tree reading and spatial
ability through the lens of mental rotation. We analyzed 56 student pre/post responses on a mental rotation test and a
tree thinking test. We found a significant relationship between student performance on mental rotation and tree
comparison tasks that prevailed throughout the semester, unrelated to gender. However, mental rotation cannot be
used a predictor of student success in developing tree thinking skills because, after instruction, student scores increased
on both tree interpretation and comparison questions regardless of their mental rotation ability. So although students
with higher mental rotations may grasp comparing phylogenetic trees quicker, all students learn tree thinking and use
this thought process to solve the puzzle, “Are these trees the same?”

$4.8.3 Microevolution and Macroevolution: Ne'er the Twain Shall Meet?

Kefyn M. Catley, Western Carolina University, kcatley@wcu.edu

Laura R. Novick, Vanderbilt University

ABSTRACT: Evolution encompasses a broad range of processes from variation in the genome of organisms to
cladogenesis and extinction of higher taxa. Whereas learners’ conceptual problems understanding microevolutionary
processes (i.e., natural selection) have been well studied, only recently has research been conducted to document issues
of understanding surrounding macroevolution. This paper addresses a critical and as yet untested connection between
students’ knowledge of natural selection concepts and competence at tree thinking (a measure of understanding
macroevolution). College students (N =124) participated in a study in which half of the students received instruction in
tree thinking and half did not. All students completed both the Conceptual Inventory of Natural Selection (CINS) (a test
of understanding of natural selection i.e., microevolution) and an assessment of skill at tree thinking (a test of
understanding of a significant part of macroevolution). Both instruction in tree thinking and prior knowledge of
microevolution were associated with better performance on the tree-thinking assessment. We believe this is the first
critical test of the relationship between knowledge of micro- and macroevolution. We argue for a paradigm shift in
evolution education such that curricula visualize evolution as a broad hierarchical continuum integrating the processes
of natural selection with those of macroevolution.

$4.8.4 Understanding Evolution and Evidentiary Support

Carrie J. Boyce, University of Southern Mississippi, carrie.boyce@eagles.usm.edu

Kristy L. Halverson, University of Southern Mississippi

ABSTRACT: Scientists are expected to provide evidentiary support to mold, strengthen, alter, and refute ideas.
Systematic biologists explore how organisms are related through their evolutionary histories by collecting different types
of informative evidence. However, students often struggle with understanding science content and evidence selection
when considering evolutionary relatedness. The purpose of this study was to explore how upper-level biology students
made sense of evolution and used evidentiary support with their understandings. Using a mixed methods approach, we
gathered data from 120 upper-level life-science majors. We found a statistically significant relationship between
evidence used to support evolutionary relationships and the accuracy of students’ understandings of evolution.
However, we found that students who provided scientific explanations of evolution did not always use informative
evidence to support their understandings; this suggests that these students did not recognize meaningful patterns that
highlight appropriate evidence. Findings from this study can be used by instructors to develop a curriculum that helps
explain the evolutionary theory and the evidence required for support.
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Strand 6: Science Learning in Informal Contexts
S$4.9 Mueseums as an Extension of the Classroom: Lessons Learned
10:15am —11:45am, Curacao 6

$4.9.1 A Conceptual Framework for Designing Educational Museum Experiences

Marianne F. Mortensen, University of Copenhagen, Denmark, mm@ind.ku.dk

ABSTRACT: Research on museum learning indicates a shortcoming in exhibit design: that interactive exhibits, while often
successful in prompting visitors to carry out intended actions, do not necessarily prompt the intended interpretations of
these actions. This shortcoming is operationalised in terms of the notion of praxeology from didactics research, leading
to two recommendations regarding the design of educational exhibits: using praxeology in its capacity as a model of
human activity and the features that precipitate this activity, and using didactic transposition to guide the process of
creating an exhibit on the basis of a praxeology. These uses of the notions are exemplified, and their significance
discussed on two levels: that of exhibit design, and that of research into exhibit design.

$4.9.2 Investigating different kinds of learning from interactive science exhibits

Leonie J. Rennie, Curtin University, l.rennie@curtin.edu.au

Rosemary S. Evans, Curtin University

ABSTRACT: This study investigated students’ use of two interactive science exhibits to answer two questions: First, did
students understand how to use the exhibit to obtain the intended outcome and did they know what concept the
exhibit was designed to demonstrate? Second, did students understand the science principles behind the construction
of the exhibit? These questions reflect two different meanings of the phrase “understanding a science exhibit”. One
concerns whether or not interacting with the exhibit results in its intended outcome and the other concerns
understanding how the exhibit actually works. Research took place in four elementary schools where interactive science
exhibits were on loan from a science center. The two exhibits were a Stereoscope which used light, mirrors and lenses in
the normal way, and a Steadiness Tester which demonstrated hand-eye coordination and was constructed using an
electric circuit. Observations of, and interviews with, 151 students revealed that although nearly all students could use
the exhibits, few could explain the concept they were demonstrating. However, most had some idea of the scientific
principles behind how they worked. Teachers can make valuable use of exhibits to help students learn science concepts
apart from those the exhibits are built to demonstrate.

$4.9.3 Understanding Teacher Intentions for Field Trips to a Museum of Natural History

Peggy L. Preusch, Smithsonian National Museum of Natural History, ppreusch422@gmail.com

ABSTRACT: Visits to museums create learning experiences beyond the traditional classroom setting. The Smithsonian
National Museum of Natural History (NMNH) is a popular field trip choice for many K-12 class field trips. This mixed
method, qualitative and quantitative, research study explores the intentions of teachers for their students’ educational
experience during field trips to the NMNH. A survey was emailed to field trip contacts at schools throughout the U.S.
Questions included school, teacher, and student demographics, and open-ended questions about teacher preparation
for the field trip, learning goals, and continuity with classroom science lessons. Teacher interest and prior experiences in
science were used to develop an understanding of their individual identity. Survey responses revealed a pattern of
greater complexity of preparation and continuity with classroom subject matter where teachers collaborated with each
other, with museum staff, or with additional contexts relevant to museum exhibits. Collaboration within schools and
with the museum community thus may play a larger role in development of more effective museum field trip designs
than has been fully recognized. Although teacher identity is recognized as an important element in effective teaching,
more studies are needed of identity in relationship to science teaching and field trips in particular.

$4.9.4 The Medium is the Message: Unraveling the Publics' Responses to Body Worlds
Erminia G. Pedretti, OISE, University of Toronto, erminia.pedretti@utoronto.ca
Michelle Dubek, OISE, University of Toronto

Susan Jagger, OISE, University of Toronto
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ABSTRACT: Body Worlds (which showcases human bodies that have undergone a process of plastination) is an example
of a controversial science centre exhibition, and provides the context for this study. Specifically, we sought to
understand why this exhibition is so controversial, and how publics - visitors, museum staff, etc. - make meaning of their
experiences. This qualitative case study draws on multiple data: 1) visitors' written comments - over 20,000; 2) taped
interviews (with 51 visitors, 6 staff, and 10 with visitors who chose not to attend); 3) field notes and 4) content analysis
of the exhibition, media releases, and pamphlets. Public responses reflect the following themes: celebration of human
life; commodification of death; health and education; and beauty. Tensions include: appropriateness of the exhibition;
the question of whether it is art or science; and dissonanace. This research contributes to the literature on visitor
meaning-making, and the changing roles of science centres. We attempt to shed light on how controversial exhibitions
play out in the public sphere, and suggest that care, balance and sensitivity to public agendas must be carefully
considered. Finally, we discuss what constitutes a science centre exhibition, and the role that "event-culture" plays in
the promotion and development of exhibitions.

Strand 7: Pre-service Science Teacher Education
$4.10 Preparing Teachers for Diverse Schools
10:15am —11:45am, Curacao 7

Presider: Gail Richmond, Michigan State University

$4.10.1 Attributes that Shape Science and Math Preservice Teachers' Commitment to Teach in Under-resourced
Schools

Athena R. Ganchorre, University of Arizona, athenag@u.arizona.edu

Debra Tomanek, The University of Arizona

ABSTRACT: This investigation of secondary pre-service science and mathematics teachers revealed three attributes that
shape their commitment to teach in under-resourced schools and districts: motivations, beliefs and emerging roles of
identities. Qualitative methods were employed, that elicited 15 pre-service teachers' motivations to teach are grounded
in a disposition of compassion and empathy. Pre-service teachers have complex understandings of children and adults
who live in low-income or poor communities that form their beliefs about students' learning opportunities and parent-
school relationships. Early childhood experiences negotiating home, school and public spaces shaped one Latino pre-
service teachers' emerging professional roles of identities. Attributes associated with motivations, beliefs and roles of
identities play an important role in pre-service teachers' career placement choices. This study supports the importance
of recruiting prospective science and mathematics teachers who have knowledge of and a disposition to work with
learners from low income or poor communities. Further, teacher preparation programs must examine ways to aid,
support and develop skills, knowledge and interests of potential teachers in training who show deep commitment to
teach and serve students from diverse socio-cultural and linguistic backgrounds.

$4.10.2 Cultural Bumps: An International Cross-cultural Strategy used with Preservice Science Teachers during Field
Placement

Shawn Y. Holmes, North Carolina State University, shawn_holmes@ncsu.edu

Jamila S. Simpson, North Carolina State University

ABSTRACT: This study focuses on the implementation of an intercultural relations strategy known as culture bump
analysis to encourage the self-reflection of preservice science teachers regarding their own cultural values during their
field placement experience. Culture bump analysis, a strategy created by Archer (1991), is a process utilized to foster
self-awareness in individuals with the hope of moving participants from seeing others as “foreign” to self-awareness and
cross-cultural understanding. Fourteen preservice science teachers enrolled in a Masters of Arts in Teaching (MAT)
course at a large university in the Southeast participated in the study. Qualitative analysis of students’ written
reflections and in-class discussions revealed that most preservice teachers were originally unaware of their own cultural
frameworks and how they may influence their classroom experience. However, the preservice teachers viewed the
cultural bump analysis as a catalyst for self-reflection and central for the increase of their self-awareness of their
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personal cultural framework. Most preservice teachers began the study with judgmental perspectives towards
individuals with whom they had a culture bump. By the end of the study they had moved to acknowledging their own
personal cultural values and ultimately accepting a broader understanding of culture in hopes of becoming a better
science educator.

$4.10.3 Readiness for Diverse Environments: Measuring Pre-service Science Teachers' Confidence about Teaching in
High-Need Schools

Juanita Jo Matkins, College of William & Mary, jjmatk@wm.edu

Jacqueline T. Mcdonnough, Virginia Commonwealth University

Kevin D. Goff, College of William & Mary

Kathryn E. Ottolini, College of William & Mary

Colleen P. Riesbeck, College of William & Mary

ABSTRACT: This pilot study tracks a group of pre-service science teachers through changes in self-efficacy and outcome
expectancy about teaching in high-need schools as they progress toward licensure. Instruments used were the STEBI
(Enochs & Riggs, 1990) and the CRTSE and CRTOE (Siwatu, 2006). Self-efficacy and outcome expectancy for teaching
science and teaching in a culturally responsive manner were measured in eight pre-service science teachers (PSTs).
Interviews were conducted and used for triangulation. Statistically significant gains were seen in self-efficacy in both
self-efficacy instruments at the end of the first semester of the teacher education program, no gains were seen following
student teaching. Interview results indicated that students gained during student teaching. Ceiling effects were possible
for the CRTSE, but not for the STEBI. Conclusions include the positive impact of the first semester of the teacher
education program, on both science teaching and on teaching in a culturally responsive manner. Also noted was the lack
of change during student teaching, seen in the surveys but not in the interviews. .

$4.10.4 Investigating Changes in Preservice Secondary Science Teachers' Conceptions About the Pedagogical
Implications of Student Diversity

Douglas B. Larkin, Montclair State University, douglarkin01@gmail.com

ABSTRACT: This study explores the nature of the changes in thinking that occur in prospective teachers during teacher
education programs, and in particular the pedagogical implications of student diversity within the teaching of high
school science. The specific research question examined here is: How do preservice secondary science teachers’
conceptions about what it means to teach science in diverse classrooms change during a teacher education program?
The theory of conceptual change serves as the framework for understanding preservice teacher learning in this study,
where the experiences of six prospective secondary science teachers from four different teacher education programs
are described using a multiple case study approach. Qualitative data was collected from students through interviews,
questionnaires, teaching portfolios, written coursework, lesson planning materials, and naturalistic observations of
student teaching. Findings of this study include the fact that participants came to view the salience of diversity in science
teaching primarily in terms of students’ interest, motivation, and engagement. Also, it appeared prospective teachers
needed to first recognize the role that student thinking plays in learning before being able to understand the
pedagogical implications of student diversity became possible, a finding that resonates with the current emphasis on
eliciting student knowledge in science education.

Strand 8: In-service Science Teacher Education

$4.11 Elementary Science Teachers

10:15am —11:45am, Curacao 8

Presider: Irene U. Osisioma, California State University, Dominguez Hills

$4.11.1 An Interpretive Case Study of how an Elementary Science Teacher uses Science Notebooks During Science
Instruction
Lori L. Petty, University of Texas - Brownsville, lori.petty@utb.edu
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Ratna Narayan, Texas Tech University

ABSTRACT: This interpretive case study focused on an elementary science teacher’s use of science notebooks as a first-
time user during science instruction. Areas of emphasis were her thoughts about science notebooks, design of the
notebook prompts, the rationale behind them, actual notebook usage during instruction, assessment, and feedback with
regard to the notebook. The primary method of data collection used was two in-depth audio-taped interviews with the
elementary science teacher. The findings address a tension between implementing a scripted curriculum and science
notebook usage; using notebooks for organizational, not science learning purposes; and lack of teacher knowledge
regarding specific science notebook strategies.

$4.11.2 From Professional Development to the Classroom: A Case Study of a 3rd Grade Teacher's Implementation of
the Learning Cycle

Deepika Menon, University of Missouri, dm2qc@mail.mizzou.edu

Deborah Hanuscin, University of Missouri

ABSTRACT: Current reform efforts in science education focus on changing how science is being taught in classrooms,
which requires an equal substantive change in professional development practices at all levels (NRC, 1996). A recent
focus of professional development programs for elementary teachers is to help them understand the meaning and
nature of inquiry and how to implement inquiry in their classrooms. The Quality Elementary Science Teaching (QUEST)
professional development program is designed for K-6 classroom teachers to learn physical science content and
instructional strategies for inquiry based teaching through the learning cycle. The purpose of this case study is to explore
how a 3rd grade teacher incorporated the 5E learning cycle in his lessons to teach topics based on physical sciences.
Data were collected over a four month period and included classroom observations and interviews. Analysis generated
three assertions, or themes, which were supported in turn by the participants’ voice across the multiple sources of data.
These address participant’s success and enthusiasm in incorporating the learning cycle in his classroom teaching but also
the difficulties in implementing the model. Our findings point toward a need for enhanced classroom support following
professional development.

$4.11.3 Rethinking Professional Development in Elementary Science: Teacher Leadership for Sustainable Change in
Science Education

Milijana Suskavcevic, Rice University, milijana@rice.edu

Lisa Webber, Rice University

ABSTRACT: Professional development literature agrees on core elements that characterize strong professional
development training programs for in-service teachers. Elementary model science lab follows the quality standards
described in literature, but it also contains several unique features. One of these features is a leadership component
embedded in the comprehensive, job-embedded teacher development program in elementary science. We utilize
Danielson’s framework for teacher leadership and empirically examine effects of teacher training on development of
science teacher leadership skills. The modal responses of items from the Participant Leadership Survey reveal positive
change from pre to post assessments among the group of treatment teachers (n=74). Additionally, teacher responses on
low and high leadership skill constructs reveal statistically significant differences between treatment and comparison
samples. The research on teacher leadership is one among several studies addressing effects of professional
development training in elementary science on multiple outcome measures using the RCT design.

Strand 8: In-service Science Teacher Education

$4.12 Professional Development and Policy

10:15am — 11:45am, Bonaire 8

Presider: Mary Oliver, The University of Western Australia

$4.12.1 How Much Professional Development is Needed to Effect Positive Gains in K-6 Student Achievement
James A. Shymansky, University of Missouri-St. Louis, jshymansky@umsl.edu
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Tzu-Ling Wang, National Hsinchu University of Education

Leonard A. Annetta, George Mason University

Larry D. Yore, University of Victoria

Susan A. Everett, University of Michigan-Dearborn

ABSTRACT: This paper is a report of a study that examines the relationship between teacher participation in a multi-
year, K-6 professional development (PD) effort and the “high stakes” science test scores of different student groups in
33 rural mid-west school districts in the United States. The PD program utilized regional summer workshops and
distance delivery technologies to help teachers learn science concepts, inquiry teaching strategies, and how to adapt
science inquiry lessons to teach and reinforce skills in the language arts. Regression analyses revealed a significant
positive relationship between the PD hours experienced by teachers and student gains on high stakes test scores. But
the analyses also suggest that primary grade teachers need less PD than upper grade teachers on instructional strategies
where the focus in on the integration of language arts and science inquiry. The implications for funding and
implementing PD projects are discussed.

$4.12.2 An Exploratory Study of the In-Service Professional Development Needs of Botswana Secondary School
Agriculture Teachers: Implication for Policy and Practice.

Kgomotso Mabusa, University of Nottingham, UK, ttxkm1l@nottingham.ac.uk

Leonard R. Newton, University of Nottingham, UK

ABSTRACT: This paper reports on exploratory case study research to identify the in-service professional development
(IPD) needs of agricultural Science teachers in Botswana in the context of the recent national reforms of the
coordination of teachers’ in-service training. A questionnaire was used to gather data from all the secondary agriculture
teachers in the Central Region of Botswana (N =247). Identified categories of teachers’ IPD needs included those related
to: Teaching Strategies; Subject Matter Aspects; and Personal Needs. The data revealed not only teachers’ views of their
IPD needs but also demographic patterns that lead to recommendations for more targeted IPD activities. The study has
also implications at regional and national levels in Botswana and therefore further work is recommended to address the
issue so that agricultural science teachers’ IPD needs are better understood nationwide.

$4.12.3 Fostering Teacher Development to a Tetrahedral Orientation in the Teaching of Chemistry

Rick Wiebe, St. James-Assiniboia School Division, rwiebe@sjsd.net

Brian E. Lewthwaite, University of Manitoba

Harvey Peltz, River East Transcona School Division

ABSTRACT: This paper presents a summary of a five year research and professional development project to improve
chemistry teaching among three cohorts of chemistry teachers. The project responds to a new curriculum introduction
advocating a tetrahedral orientation (Mahaffy, 2006) to the teaching of chemistry. The project in its entirety is based
upon several theoretical models in fostering chemistry teacher development, in particular Bronfenbrenner’s bio-
ecological model. These models are described, as is the progress made by teachers based upon the use of a Chemistry
Teacher Inventory and associated teacher responses and observations. Overall, statistical analysis of perceptions of their
own teaching and comments made by teachers suggests they are showing limited development towards a tetrahedral
orientation albeit in a manner consistent with the curriculum.

Strand 10: Curriculum, Evaluation, and Assessment
$4.13 Conceptual Learning
10:15am — 11:45am, Bonaire 1

$4.13.1 Middle-schoolers' Learning about Photosynthesis and Cellular Respiration: A Mixed Methods Study

Kathryn F. Drago, University of Michigan, kdrago@umich.edu

ABSTRACT: Students in the United States are less scientifically literate than their international peers, and therefore, less
able to make evidence-based decisions about domestic or world-wide science concerns. Science educators are hopeful
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that curriculum integrating strategies predictive of student achievement in international contexts will improve science
literacy in the United States. In this mixed methods study, | report on a curriculum that incorporates two such strategies
in its design—coherence and a focus on science ideas. In the first part of the study, | find that the curriculum helps
students to build beginning understandings about photosynthesis and cellular respiration. Students move toward
understanding the molecular nature of carbon-containing molecules and how they are transferred between organisms,
but lack a robust network of knowledge. In the second part of the study, | find that the quantity of time that students
spent on activities and the ability of the discussion to push students’ understandings interact with their ability to form
this network of knowledge about photosynthesis and cellular respiration. While these ideas are challenging,

we must find ways to support teachers and students in improving their understandings of these concepts due to their
critical role in energy and environmental matters.

$4.13.2 STEM Learning and Scientific Reasoning

Lei Bao, The Ohio State University Department of Physics and College of Teaching and Learning, bao.15@osu.edu

Jing Han, The Ohio State University

Kathy Koenig, Wright State University

Tianfang Cai, Beijing Jiaotong University

ABSTRACT: How do you create an inquisitive mind? As far as science education are concerned, simply accumulating
knowledge isn’t good enough. Our research has suggested that the teaching and learning of “content knowledge” in
physics at traditional education settings have little effect on developing students’ ability for scientific reasoning. The
findings are based on a large scale assessment study with data collected from more than 5,000 incoming first-year
university students of science and engineering in China and the United States. The results might be surprising: the
Chinese students had a clear edge when it came to solving physics problems, but this advantage did not translate into a
better scientific-reasoning ability — here they were at the same level as their US counterparts. What can we learn then
from this study? Its results suggest that knowing facts does not, in itself, lead to good reasoning skills. As both (and, one
might argue, particularly the latter) are needed for success in STEM careers, it seems that aspects of science teaching do
need to be reconsidered and carefully researched. Results of further studies on how scientific reasoning is naturally
developed in the current education settings and how such development might be improved will be discussed.

$4.13.3 Investigating Students' Understanding of Energy Transformation, Energy Transfer, and Conservation of Energy
Using Standards-Based Assessment Items

Cari F. Herrmann-Abell, AAAS / Project 2061, cabell@aaas.org

George E. Deboer, AAAS / Project 2061

ABSTRACT: Standards-based multiple-choice assessment items were used to study middle school, high school, and
university students’ understanding of ideas about energy transformation, energy transfer, and conservation of energy.
The student data are a result of a field test administered to 9722 middle school students and 5870 high school students
in 46 states across the country and 176 students from a public university in the south central region of the US. Rasch
modeling was used to estimate and compare the students’ abilities and the item difficulties and distractor analysis was
used to investigate the strength of the students’ misconceptions at the different grade levels. A cross-sectional analysis
was performed to examine the progression of understanding of energy from middle school to university and revealed an
increase in understanding from seventh grade to ninth grade and from tenth grade to university students. The students
had the most difficulty with items aligned to the idea about conservation of energy. The results from items aligned to
the ideas about energy transfer by electromagnetic radiation and conservation of energy suggest that while many
students know the general principles, fewer students are able to apply these principles to specific instances.

$4.13.4 Managing Threats to Validity in Experimental Tests of Education Interventions!! Data and Evidence from a
Large, Cluster-Randomized Trial (CRT) of a High School Science Intervention

Stephen R. Getty, Biological Sciences Curriculum Study, SGetty@BSCS.org

Christopher D. Wilson, Biological Sciences Curriculum Study

Joseph A. Taylot, Biological Sciences Curriculum Study
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Susan M. Kowalski, Biological Sciences Curriculum Study

ABSTRACT: A key challenge for educational researchers is designing investigations where the efficacy of an intervention
is tested rigorously. Interventions with random assignment or well-matched populations (quasi-experiments) can appear
relatively straightforward to design and implement. However, a range of factors before, during, and after the
intervention can become threat to validity, and thus threats to project success. This is especially true for large studies, or
those with a longitudinal component. To manage such threat to validity, we report data and our experience from
planning and conducting over 5 years a large cluster-randomized trial (CRT) of science curricula in high school. This CRT
currently involves 15 districts, 23 schools, over 70 teachers, and about 4,500 grade 9 science students. With this
research context, we address the question: What factors can help researchers manage and reduce threats to validity in
tests of educational interventions? We show how workers can be aware of and reduce such threats to validity in their
research.

Strand 11: Cultural, Social, and Gender Issues

$4.14 Gender, Socially, and Culturally Responsive Science Pedagogies: Bridging the Gaps between Students and
Science

10:15am —11:45am, Bonaire 2

Presider: Irasema B. Ortega, Arizona State University

$4.14.1 The Case for Using Social and Emotional Learning to Enhance STEM Learning: Project STEMSEL

Obed Norman, Morgan State University, obednorman@verizon.net

Sylvester Mckay, Morgan State University

ABSTRACT: The presentation reports on a project investigating the effect of incorporating Social and Emotional Learning
(SEL) into the K-12 STEM curriculum in schools and particularly in minority serving schools. SEL is aimed at teaching
students to ‘recognize and manage emotions, care about others, make good decisions, behave ethically and responsibly,
develop positive relationships, and avoid negative behaviors. There is growing evidence that SEL does contribute to
student academic success. Studies have also found that adolescents with school-focused possible selves are at reduced
risk of involvement in delinquent activities and do better at school.). The STEMSEL Project goals and activities are
captured in the overall project research question: Can a structured intervention aimed at fostering positive student
academic attitudes be integrated with a quality inquiry science program to increase both student academic outcomes
and positive achievement—oriented attitudes? Our approach is to present inquiry science teaching to teachers as a
vehicle for realizing a fuller participation for minority students in science. We report on baseline data that clearly shows
the need for incorporating SEL in STEM teaching. Ongoing data collection is aimed at investigating the impact of the
project on student motivation and STEM achievement as well as on teacher practice.

$4.14.2 Descriptive Analysis of Gender-related Motivating Factors for Girls and Boys in High-needs Middle Schools
Eunmi Lee, DePaul University, yjsmom@gmail.com

ABSTRACT: In an effort to transform how math and science teachers are prepared to teach middle-grade girls from high-
needs schools such that girls are better prepared and more inspired to pursue careers in science, technology,
engineering, or mathematics, the purpose of this study is to examine ways in which gender equitable pedagogy at the
middle school level in high-needs schools in the areas of math and science can be enhanced.

$4.14.3 Bridging the Gender Gap: Equality vs. Equity

Jaimie L. Miller, Harvard University, jimiller@cfa.harvard.edu

Gerhard Sonnert, Harvard University

Zahra Hazari, Clemson University

Philip M. Sadler, Harvard University

ABSTRACT: The persisting gender gap in science participation and performance—even decades after the formal barriers
against women in these fields had fallen—has caused “equity” strategies for closing the gap to gain ground vis-a-vis
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earlier “equality” strategies. This paper lays out the conceptual equality/equity framework and makes it the basis for its
analysis of an open-ended survey in which 259 science teachers’ described their pedagogical techniques and approaches
to narrowing the gender gap in their classrooms. We examine whether male and female teachers tend to follow
different approaches, and, if so, whether these differences are aligned with the equality/equity framework. We find that
there indeed exist gender differences among teachers, and that female teachers more strongly emphasize approaches
that are connected to the equity principle.

$4.14.4 Development, Validation and Preliminary Use of the Culturally Congruent Instruction Survey

Regina C. Sievert, Salish Kootenai College, wenonah@centurytel.net

Joan Lafrance, Mekinak Consulting

Rod Brod, Professor Emeritus, the University of Montana

ABSTRACT: Scholars hypothesize that cultural incongruities between teachers and students hinder students’ learning. A
small but growing number of research studies is providing evidence that indicates that improving the cultural
congruency of instruction (CCI) increases diverse students’ achievement. This paper describes work in the development,
validation and preliminary use of a teacher self report survey designed to assess the nature and frequency of teachers’
use of CCl in teaching science with K-8 American Indian students in Montana. The instrument is currently being used in a
quasi experimental study to assess impacts of a NSF - MSP on teachers’ professional development in CCl. Changes found
in teachers’ CCl to date and results of the factor analysis are described.

Strand 11: Cultural, Social, and Gender Issues

$4.15 Related Paper Set - Investigating Diverse Girls' Identities and Identity Trajectories in Science

10:15am — 11:45am, Bonaire 6

ABSTRACT: This symposium brings together five studies that examine the identity work that diverse girls from different
racial, ethnic and SES backgrounds engage in science, both in and out of school. The five studies span elementary,
middle and high school grades and utilize a range of methodologies including longitudinal case study, narrative inquiry
and mixed methods approaches. The overarching questions for the session include: How do girls author themselves in
science? What individual and community oriented factors and contexts shape girls’ identity trajectories in science, and
how? What is the relationship between identity work and science learning? The five studies draw from a range of
theoretical underpinnings including sociocultural perspectives of learning, practice theory, and narrative and discursive
theories on identity. Findings highlight the importance of identity work performed by girls in the different figured worlds
in which they engage with science. Figured-world specific factors (e.g. community members and resources) have direct
bearing on the identity work performed by the girls and influence their science trajectories.

$4.15.1 Becoming (Less) Scientific in the Figured Worlds of School Science Learning: A Longitudinal Study of Girls’
Identities

Heidi B. Carlone, University of North Carolina

Julia Kimmel, University of North Carolina

Cassi Lowder, University of North Carolina

Jean Rockford, University of North Carolina

Catherine Scott, University of North Carolina

$4.15.2 Urban Girls’ Identity Trajectories through the Participation between Figured Worlds
Hosun Kang, Michigan State University

Angela M. Calabrese-Barton, Michigan State University

Edna Tan, Michigan State University

Juanita Bautista Guerra, Michigan State University
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$4.15.3 Girls and Science: Urban Middle School Girls’ Perspectives, Positioning and Activism in Science when
Conversations about Identity and Discrimination are Explicitly Nurtured

April Luehmann, University of Rochester

Rachel Chaffe, University of Rochester

$4.15.4 Out of School Figured Worlds and Urban Girls’ Engagement with Science
Angela M. Calabrese-Barton, Michigan State University

Edna Tan, Michigan State University

Hosun Kang, Michigan State University

Juanita Bautista Guerra, Michigan State University

Strand 12: Educational Technology

S4.16 Examining the Effect of Traditional and Non-traditional Educational Technologies
10:15am —11:45am, Bonaire 3

Presider: Miri Barak, Technion- Israel Institute of Technology

$4.16.1 Transforming and Enhancing the Learning and Teaching of Senior Biology via Digital Technologies

Wilhelmina S. Van Rooy, Macquarie University, Australia, wilhelmina.vanrooy@mg.edu.au

John Hedberg, Macquarie University, Australia

Peter Freebody, The University of Sydney, Australia

Kim Nichols, University of Queensland, Australia

ABSTRACT: The availability of digital technologies and their affordances for learning and teaching of any senior biology
high school syllabus, now makes it realistic for curriculum developers to include some of the new areas of biological
research particularly genetics in such documents. Digital technologies make it possible for emerging disciplinary
knowledge and understandings previously too small, large, slow or fast to be taught. Indeed much of bioscience can now
only be effectively taught via digital technology since its representational, symbolic forms are in digital formats. This
paper part of a larger Australian study dealing with the technologies and modalities of learning biology in secondary
schools compares and contrasts the classroom practice of three experienced biology teachers as they seamlessly
integrate available digital technologies with a number of molecular genetics concepts. The data is qualitative and its
analysis is based on video classroom observations and semiJrstructured teacher interviews. Findings indicate that if
professional development opportunities are provided where the pedagogy of learning and teaching of both the relevant
biology and its digital representations are available, then teachers see the immediate pedagogic benefit of using digital
technologies for student learning in particular challenging genetic concepts.

$4.16.2 The effect of Computer Simulation on Students' Conceptual Understanding of Electric Circuits

Saed Sabah, saed_sabah@yahoo.com

ABSTRACT: The purpose of this study was to examine the effects of using and computer simulations on understanding
electrical circuits and to understand how computer simulations enhance students’ of electrical circuits. This study also
identified what simulations features and characteristics that facilitate understanding electricity. Both of the quantitative
and qualitative approaches were adopted in this study. This study used the explanatory design in which the researcher
collected the quantitative data before the qualitative data. This study involved thirty participants who took Science | for
Elementary Teachers course in the second semester (Spring) of 2009 /2010. The experimental group (n =15)
outperformed the control group (n = 15) on the test of understanding the concepts of DC circuits, M exp = 13.13, SD exp
=4.61, M control = 9.13, SD control = 3.52. After completing the quantitative part of this study, four students were
interviewed to understand how computer simulations promoted their understanding of DC circuits. This study identified
some key features of simulations that were very helpful to students in understanding DC circuits. The present study
introduced several implications for teachers, administrators, and science education researchers.
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$4.16.3 Student Learning in Science Simulations: Design Features That Promote Learning Gains

Michael Timms, WestEd, mtimms@wested.org

Kathleen Scalise, University of Oregon

Anita Moorjani, WestEd

Lakisha Clark, University of Oregon

Karen Holtermann, UC Berkeley (retired)

Shawn Irvin, University of Oregon

ABSTRACT: This research examines student learning in science-simulation software (free and commercial) available for
grades 6—12 science courses. The study presented, funded by the National Science Foundation, has two objectives: a
literature synthesis and a product review. The literature synthesis examines research findings on grade 6-12 student
learning gains and losses using virtual laboratories and science-simulation software, based on a review of 79 relevant
studies identified. Based on the synthesis, significant aspects of how such products influence student learning are
identified. Research-based evidence concerning best practice strategies embedded in the instructional design of virtual
lab and simulation products are discussed. Ten products are reviewed as case studies to determine in what ways and to
what extent each implements the research-identified best practices. The overall goal was to consider where effective
progress is being made in virtual lab and simulation products, and what directions future development of these products
should take. The overall intent of the study is to inform science educators, teachers, administrators and policy makers
using, buying and examining middle and high school instructional materials, in order to help them make decisions in the
best interest of their students.

$4.16.4 Effectiveness of Computer Simulations in the Teaching/Learning of Physics

Aklilu Tilahun Tadesse, Arba Minch University, aklilu_tt@yahoo.com

Tesfaye Tilahun, Addis Ababa University

Tadesse Mesfin, Addis Ababa University

ABSTRACT: The effects of the use of computer simulations on third world undergraduate students’ achievement in
physics theoretical and practical lessons was studied by comparing results obtained from simulation supported lessons
with results from traditional lessons. The study was conducted on 75 freshman physics majoring students and on 27 final
year physics majoring education students in two independent phases. In the first, we conducted a study on physics
theoretical lessons and in the second, on physics practical lessons. Two research designs, Double Pretest and Switching
Replicates, were employed on phase one and phase two studies, respectively. The findings of the study reveal that
experimental group students had statistically significant differences in their mean achievements over their counterparts,
with effect size magnitudes of 0.86 in theoretical lessons and 0.57 in practical lessons. It is pointed out that, students
learning experimental physics courses with computer simulation demonstrated a good grasp of concepts as compared to
students learning in traditional laboratory lessons. It is also concluded that computer simulated experiments followed by
real experimental activities or real experiments followed by computer simulated experiments did not show statistically
significant difference on students manipulating skill of apparatus.

Strand 13: History, Philosophy, and Sociology of Science
$4.17 Changes in Students' Epistemologies

10:15am — 11:45am, Bonaire 4

Presider: Sibel Erduran, University of Bristol

$4.17.1 What Changes Undergraduate Students' Perception of the Tentative and Creative Nature of Science?
Nazan U. Bautista, Miami University, uludagn@muohio.edu

Elisabeth E. Schussler, University of Tennessee - Knoxville

Kimberly A. Haverkos, Miami University

Melanie A. Link-Perez, University of Oklahoma
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ABSTRACT: The purpose of this study was to investigate and propose explanations for differential shifts in
undergraduate students' perceptions of the tentative and creative nature of scientific knowledge in a college biology
laboratory. The laboratory course was delivered via an experimental design of inquiry and expository instruction with or
without explicit / reflective (ER) nature of science (NOS) instruction in fall 2008. We investigated the VNOS-B survey
responses of 201 undergraduate students for changes in their understanding of the tentative and creative NOS from pre-
to post-semester. The analysis revealed that students in expository laboratory sections had higher gains in the tentative
NOS than in inquiry laboratory sections, and ER was not a significant factor. On the other hand, students in ER sections
had higher gains in the creative NOS than those in non-ER sections, and the format of the laboratory was not a
significant factor. We propose that different aspects of NOS may benefit from different instructional environments in
college laboratories.

$4.17.2 Views on the Nature of Science - Results from Large-scale Assessment of Students” Competencies

Kerstin Kremer, Justus-Liebig-University Giessen, Kerstin.H.Kremer@didaktik.bio.uni-giessen.de

Irene Neumann, Leibniz Institute for Science and Mathematics Education, Kiel

Hans E. Fischer, University of Duisburg-Essen

Juirgen Mayer, University of Kassel

ABSTRACT: The large-scale study on students’ understanding of the nature of science at the end of middle-school
addresses seven NOS dimensions that build on common theoretical conceptions of nature of science and
epistemological beliefs: source, certainty, development, justification, and simplicity of scientific knowledge, purpose of
science and creativity of scientists. About 6000 10th grade students filled in a questionnaire that contained 4-point
Likert-scale items on beliefs about the nature of science, attitudes towards science and the learning of science as well as
socio-scientific variables on their school types and cultural background. The reliability of the scales varies between .60
and .83. Students’ mean rating on the seven NOS scales varies between 2.43 and 3.20; this shows students’ tendency
towards relativstist-constructivist understandings of the nature of science.

$4.17.3 Practical Epistemologies of High School Students Participating in a Research Apprenticeship

Stephen R. Burgin, University of Florida, sburgin@ufl.edu

Troy D. Sadler, University of Florida

Rachael D. Griffin, University of Florida

ABSTRACT: The purpose of this report is to examine student understandings of scientific epistemologies (also known as
nature of science understandings) in the context of a research apprenticeship. These scientific epistemologies are
termed practical in that they are closely linked to the student’s actual practice of scientific inquiry in the context of an
authentic research experience through their apprenticeship. Six high school student participants of a residential summer
research apprenticeship program at a major university in the southeastern United States were interviewed twice during
their experience to elicit their perspectives regarding the nature of scientific knowledge. A phenomenological approach
was used to analyze these interviews. Findings from this analysis technique revealed that the shared experience of a
research apprenticeship resulted in some consensus understandings of science in practice for these six participants.
These students described scientific knowledge as being developmental, valuable, formulaic and authoritative.
Implications from this work included a need for this research apprenticeship program and others like it to explicitly
address the diversity of scientific methods, different forms of scientific knowledge, and the tentative nature of scientific
knowledge.

$4.17.4 Comparative Case Studies of the Development of Third Graders' Conceptions of Nature of Science: Student
Understandings after a Year of Instruction

Valarie L. Akerson, Indiana University, vakerson@indiana.edu

Vanashri Nargund, Indiana University

Ingrid S. Weiland, Indiana University

Khemawaddee Pongsanon, Indiana University
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ABSTRACT: This study explored 24 third grade elementary students’ conceptions of nature of science (NOS) over the
course of an entire school year as they participated in explicit reflective science instruction. The VNOS-D was
administered pre instruction, mid school year, and at the end of the school year to track growth in understanding over
time. The Young Children’s Views of Science was used to describe how students conversed about NOS among
themselves. All science lessons were videotaped, student work collected, and a researcher log was maintained. Data
were analyzed by a team who sorted the students into low, medium, and high achieving levels. Three representative
students were selected as case studies to provide an in-depth picture of how instruction worked differentially and how
understandings changed for the three levels of students. It was found that students improved their conceptions of NOS
and were able to converse among each other using the NOS terminology they learned without prompting by the
teacher. However, those who were at the higher achievement level could provide definitions for NOS terms and
examples of where they are illustrated in science that were not provided by the teacher, whereas those at lower levels
could not provide examples.

Strand 14: Environmental Education

$4.18 Exploring Environmental Literacy and Future Green Career Interest
10:15am —11:45am, Bonaire 5

Presider: Deborah J. Tippins, University of Georgia

$4.18.1 Going Green: Exploring Career Decision Making of Canadian Youth

Oksana Bartosh, Directions Evidence and Policy Research, ksenia_brt@yahoo.com

Charles Ungerleider, Directions Evidence and Policy Research

Isabelle Eaton, Directions Evidence and Policy Research

Terri Thompson, Directions Evidence and Policy Research

ABSTRACT: Increased interest in environmental issues has stimulated Canada’s environmental sector, creating new
opportunities for green careers. However, the demand for skilled professionals in the environmental sector is growing
faster than the pool of qualified candidates. In order to understand why young people do or do not choose green
careers, it is important to understand the factors that influence their initial career choices. This qualitative study
explores what factors influence career decision-making of youth in general and green careers in particular by conducting
interviews with career education providers and /or environmental educational practitioners across Canada. Analysis
indicates that when it comes to environmental career decision-making, emotional connections, personal values, and a
sense of responsibility are the most influential factors. Results also suggest that students and their teachers might have
a limited understanding of what constitutes an environmental career, the opportunities for green employment as well as
the requirements for employment and career opportunities.

$4.18.2 Students Environmental Attitudes: Links With Interest in Environmental-Related Topics, Out-of-School
Activities and the Future Job

Hebel Florence Le, IUFM Université Lyon 1/ICAR ENS lyon, florence.le-hebel@ens-lyon.fr

Pascale Montpied, ICAR ENS Lyon

Valerie Fontanieu, INRP Lyon

ABSTRACT: The purpose of this study is to investigate the attitudes towards environment in the population of French
students, 15 years old. We analyse the results of the questionnaire-based relevance of Science Education Project carried
out in France in 2008 as a part of a wider international comparative study ROSE (Relevance of Science Education). The
hierarchical ascendant classification of data from 2124 French students, led to three main classes, showing a high
resonance, with the three main attitudes toward environment: egocentrism, anthropocentrism and ecocentrism. The
findings reveal significant gender effect in these three classes. Our data suggest that there are links between the three
different attitudes toward environment and students' level of interest in learning about specific environmental topics.
More, we could relate the three classes to the practice frequency of some specific out-of-school activities linked to
nature. Our results show also links between students' priorities in different dimensions of their future job and their
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attitudes toward environment. Ecocentric concerns are significantly related positively to Universalism and negatively to
Power values.

$4.18.3 What Do Eighth Grade Students Know About Energy Resources?

Alec M. Bodzin, Lehigh University, amb4@Iehigh.edu

ABSTRACT: This study investigated 8th grade students’ understandings of energy resource and associated issues
including energy acquisition, energy generation, storage and transport, and energy consumption and conservation. A 39
multiple-choice item energy knowledge instrument was developed that aligned to explicit learning goals from the AAAS
Atlas of Scientific Literacy (2007) about energy resources and associated issues. The assessment was completed by 1,043
eighth grade students in both urban and suburban schools in two northeast cities in the USA. Total score reliability
(Cronbach alpha) for the assessment was .776. Mean scores for the entire assessment indicated low conceptual energy
knowledge of the 8th grade students. Subscale means revealed that student understandings of energy resource
acquisition, energy generation, storage and transport, and energy consumption and conservation are not satisfactory.
Distractor analysis identified many misunderstandings that 8th grade students hold with regards to energy resources.
Findings revealed that students did not have a sound knowledge and understanding of (1) basic scientific energy
resources facts, (2) issues related to energy sources and resources, (3) general trends in the USA energy resource supply
and use, and (4) the impact energy resource development and use can have on society and the environment.

$4.18.4 Contours of Environmental Action in Science Education: A Critical Discourse Analysis of Middle Grade Science
Textbooks

Ajay Sharma, University of Georgia, ajay@uga.edu

Cory Buxton, University of Georgia

ABSTRACT: Science education has a big role to play in preparing a scientifically literate citizenry that is capable of not
only understanding the complex underlying causes of climate change, but is also able to make well informed and
evidence based social and personal decisions to mitigate its effects. This is a study that explores how curriculum material
in science may be contributing to students’ understanding of the relationship between social and natural systems in
advanced capitalist societies, and the role individuals play in such relationships. Based on the methodological framework
of critical discourse analysis, the study focuses on understanding multimodal representations of environmental action in
two 7th grade science textbooks that are used in a suburban middle school in the Southeastern United States. Data
analysis indicates that environmental action is predominantly represented as (a) a matter of technological expertise, (b)
local in scope and action, and (c) a matter of individual virtue. The paper discusses implications of these emergent
themes for the role that curriculum materials can play in shaping students as current and future environmentally active
citizens.

$4.18.5 Promoting Global Sustainability: How do Students View the Ocean after an Ocean Literacy-focused Curriculum
Program?

Meghan E. Marrero, U.S. Satellite Laboratory, mmarrero@us-satellite.net

ABSTRACT: As the British Petroleum oil spill has taught us, when considering global sustainability, we cannot overlook
the importance of the ocean. Unfortunately, ocean literacy in the United States is very poor, leading to a citizenship that
is ill-prepared to respond to such catastrophic issues. This case study uses a variety of data sources (e.g.,

interviews, documents, questionnaires) and grounded theory analysis to examine coastal and inland students’ views of
the ocean following a semester or year-long engagement in an ocean literacy-focused curriculum program. Analysis
revealed two major themes: systems thinking about the ocean, and personal connections to the ocean. Following
studying the ocean in their classrooms, students began to make connections between physical, chemical,

biological aspects of the marine environment, and to recognize that whether they were a few or thousands of miles
from the coast, that they and their communities affect the ocean. These findings are promising in that suggest that
student engagement in relatively short term program focused on the ocean may help students to begin developing
ocean literacy, ultimately making them better global citizens.
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Awards Committee Sponsored Session

S5.1 Symposium - Distinguished Contributions in Research

1:15pm —2:45pm, Antigua 1

Presider: Philip H. Scott, University of Leeds, UK.

Presenters:

Joseph S. Krajcik, University of Michigan

Reinders Duit, IPN, Leibniz Institute of Science Education, University of Kiel, Germany

ABSTRACT: In this symposium Reinders Duit and Jo Krajcik, the winners of the 2010 Distinguished Contributions in
Research Award will each make a presentation in which they reflect on their own work in the context of what is
happening in science education research internationally. In addition they will offer their thoughts on what the future
might and should hold for science education research. This is an opportunity both to hear from two greatly respected
international leaders in the field of science education and to pay respect to their achievements.

Strand 1: Science Learning, Understanding and Conceptual Change
S5.2 Developing and Using Graphs in the Physical Sciences

1:15pm —2:45pm, Curacao 1

Presider: David Fortus, Department of Science Teaching

$5.2.1 Intuitive rules - a Suggestion for an Additional Explanation of Misconceptions in Reading and Forming
Kinematic Graphs

Haim Eshach, Ben Gurion University of the Negev, heshach@gmail.com

ABSTRACT: The present theoretical article focuses on difficulties students have in reading and forming kinematic graphs.
Although existing research extensively detailed such difficulties, there is still no theoretical framework to explaining
them. Here | suggest the intuitive rules theory (Stavy & Tirosh, 1996) as such a theoretical framework. It is not argued
that the intuitive rules theory has the power to explain all of the barriers students are confronted with when dealing
with kinematic graphs, but rather that the theory sheds light on a significant portion of such difficulties and therefore
should be taken into account when designing an effective learning environments. Two intuitive rules which are relevant
here are the Same A—same B, and More A More B rules. It is discussed how the activation of these rules may explain the
students’ difficulties. For instance, | show that the activation of the Same A-Same B rule explains why students tend to
interpret graphs as being a kind of a “picture” representing the object’s physical path, or why students tend to
associating the shape of a given graph with the shape of other entities’ graphs. Examples are also provided and
implication for education is thoroughly discussed.

$5.2.2 Using Eye-tracking to Examine Learning in a Multimedia Simulation: The Importance of Visual Transitions
Catherine E. Milne, New York University, cem4@nyu.edu

Jan Plass, New York University

Bruce Homer, Graduate Center, City University of New York

Trace Jordan

Paul O'Keefe, New York University

Ruth Schwartz, New York University

Yoo Kyung Chang, New York University

ABSTRACT: The present study investigated the question of how learners interact with an exploratory particulate model
of the gas laws embedded in a multimedia simulation designed to introduce learners to a chemistry topic (i.e., gas laws).
Using eye-tracking technology, we examined learner transitions between key model elements and the associated graph,
and explored patterns in the interactions between prior knowledge, these transitions, and learner outcomes. Results
showed that the amount of time participants looked at each element was not predictive of learner outcomes. Rather, an
increased number of visual transitions between key model elements and the graph (as compared to fixations on specific
elements of the simulation) were predictive of beneficial learning outcomes for both low and high prior knowledge
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learners. These results helped us to understand that encouraging students to integrate an explanatory model with its
associated graph may be key for supporting students to learn relatively complex science concepts using interactive
multimedia simulations.

$5.2.3 Assessing Students' Graphing Skills in a Context-Based Chemistry Module

Shirly Avargil, Technion, Israel Institute of Technology, shirly.avargil@gnail.com

Orit Herscovitz, Technion, Israel Institute of Technology; Ort Braude Colleage

Yehudit Judy Dori, Technion, Israel Institute of Technology

ABSTRACT: Developing students' scientific literacy and higher order thinking skills was the framework for establishing a
new curriculum for high school chemistry major students. In this framework we developed a new module, Taste of
Chemistry. The module focuses on context-based chemistry, rich in variety of data representations of food substances
and emphasizes scientific literacy and graphing skills. Our research goals were twofold: (a) determine the effect of
learning in context-based and multiple representations environment on students' graphing skills; (b) characterize
teacher's role in promoting these skills. Research participants included 370 students divided into two experimental
groups who studied the unit and two comparison groups. The research tools were pre-post questionnaires. We found
that the combination of moving across tables and graphs representations, in a context-based science learning
environment, improved experimental students’ graphing skills compared with students who studied in traditional
learning environment. Furthermore, teachers who provided their students with embedded assignments and encouraged
them to develop graphing skills their students performed better in both constructing graph and drawing conclusions
sub-skills. Our findings show that there is a need to emphasize graphing skills which are trans boundaries of science
disciplines and important for developing scientific understanding.

$5.2.4 Characterizing Students' Use of Graphs in Introductory Physics with a Graphical Analysis Epistemic Game
Elizabeth Gire, University of Memphis, egire@memphis.edu

Dong-Hai Nguyen, Kansas State University

N. Sanjay Rebello, Kansas State University

ABSTRACT: We use the framework of epistemic games to characterize students' use of graphs to solve physics problems
and the hints given by an instructor to facilitate the students' problem solving. We describe interviews with 20
university-level students enrolled in a first semester calculus-based introductory physics course in which individual
students solved a problem that provided information in the form of a graph. We introduce the epistemic game Graphical
Analysis and characterize and describe the solutions and interactions between the student and interviewer in terms of
the moves of the Graphical Analysis game. We discuss the level of student facility with the moves of the Graphical
Analysis game, describe various hinting strategies employed by the interviewer, and comment of their effectiveness in
helping students use graphs more effectively to solve physics problems.

Strand 2: Science Learning: Contexts, Characteristics and Interactions
S5.3 Science Learning: Focusing on Student Communication and Dialogue
1:15pm —2:45pm, Curacao 2

Presider: Bruce Waldrip, Monash University

$5.3.1 How does the Complexity of Students” Communication Influence the Learning Outcome?

Rebecca Knobloch, University of Duisburg-Essen, rebecca.knobloch@uni-due.de

Maik Walpuski, University of Osnabrueck

ABSTRACT: The aim of the study is to investigate the influence of the quality of content-related statements in small-
groups on the learning outcome. Thereto, a reanalysis of existing video data of a preceding research project on
experimental inquiry tasks in chemistry education was conducted. Based on this analysis the instructions were revised in
order to achieve a higher grade of communication from a subject-specific viewpoint. The learning effectiveness of the
revised instructions was examined in an intervention study by use of subject-specific achievement tests. The
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intervention study is going to last five lessons in the 7th grade of German secondary schools (Gymnasium). Shifting in
communication processes are observed by conducting a category-based video analysis of the speech behaviour.
Furthermore, the received video data will be compared to the already existing video data of the preceding project with
regard to the processes and the learning outcome. To exclude epochal effects, the data of the control group are raised
again. In this paper the results of the reanalysis of the video data and first results of the intervention study will be
presented.

$5.3.2 Mixed Analysis of Student Relations Using Network Physics and Communities of Practice

Jesper Bruun, University of Copenhagen, Department of Science Education, joruun@ind.ku.dk

ABSTRACT: The aim of this pilot study is to combine the methods developed to analyze the physical properties of
networks with what is suggested by research in social theories of learning on the nature of student relationships.
Students in an upper secondary class were asked to name, who they did collaborations with in school physics during the
preceding week. Also, students were asked to write descriptions of the nature of their relation. The naming data was
used to generate networks of subject relevant interactions between students, and a computer algorithm used to identify
groups of collaboration. The written descriptions were used to design categories for elaborations on the nature of the
named relations. These categories were developed using the framework of communities of practice (CoP). The goal was
to integrate the quantitative approach of network representations with qualitative social learning theory in order to
shed light on the dynamics of student subject relevant relations in the context of school physics. The results are to be
used in a larger study of how students learn physics at different levels of the educational system.

$5.3.3 Towards an Interlanguage of Talking Science - Exploring Scientific Literacy through Analysis of Students Talk
Clas Olander, University of Gothenburg, Sweden, clas.olander@gu.se

ABSTRACT: Learning science involves appropriation of the school science language and this paper explore the
intersection between social languages (colloquial and scientific), and epistemological and conceptual aspects of
reasoning about biological evolution. Data was generated through videotaped peer group discussions; discussions that
served both as an arena for learning and as a research tool. On this arena, the students are offered opportunities of
communicating, valuing and arguing knowledge claims. The analysis focuses how words (especially Vygotsky’s meaning
and sense of words) and semantic patterns manifest in students’ talk. The students frequently make contextual shifting
between colloquial and scientific languages, resulting in a hybrid language; an interlanguage. Specifications of ideas are
made step by step in negotiations, and the student groups talk more and more in line with scientific language. This is
understood to rely on the establishment of an arena where technical terms and scientific models may be introduced,
negotiated, and made sense of, in particular in relation to personal and everyday experiences where colloquial
expressions serve as a resource in sense-making. Thus, interlanguage is a candidate for analysis and promotion of
scientific literacy and public understanding of science.

$5.3.4 An Analysis of Whole-class Dialogue after Elementary Science Students Present their Claim and Evidence
Matthew J. Benus, The University of lowa, matthew-benus@uiowa.edu

Yarker B. Morgan, The University of lowa

Brian M. Hand, The University of lowa

Lori A. Norton-Meier, University of Louisville

ABSTRACT: Our study sought to analyze the whole-class dialogue in elementary science classrooms that have
implemented argument-based inquiry approaches. The analysis for this study involved examining a segment of
classroom time beginning after small group presentation of claim and evidence ended and whole-class conversation
about the presentation began. The segment ended when the discussion moved on to a new topic or a new presenting
group. The framework for this analysis of this whole-class dialogue developed through an iterative process that was first
informed by previous analysis, review of other instruments, and notable anomalies of difference from this data set. We
then obtained Reform Teaching Observation Protocol (RTOP) scores for each of the classrooms. Our analysis shows that
elements of whole-class dialogue in argument-based inquiry classrooms are different across different levels of RTOP
implementation. Overall, low level RTOP implementation has a question and answer format that rarely includes
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discourse around scientific reasoning and justification. Higher levels of implementation are more likely to be focused on
student use of scientific evidence to anchor and develop a scientific understanding of "big ideas" in science.

Strand 2: Science Learning: Contexts, Characteristics and Interactions

$5.4 Symposium - Socio-scientific Issues in Science Classrooms: Teaching, Learning and Research

1:15pm —2:45pm, Bonaire 8

Presenters:

Troy D. Sadler, University of Florida, tsadler@coe.ufl.edu

Michelle L. Klosterman, Wake Forest University

Dana L. Zeidler, University of South Florida

Scott Applebaum, University of South Florida

Maria P. Evagorou, University of Nicosia, Cyprus

Shirley S. Simon, Institute of Education London

Ruth Amos, Institute of Education London

Jennifer L. Eastwood, University of Florida

Revital Tal, Technion - Israel Institute of Technology

Yael Kali, Technion - Israel Institute of Technology

Vaille Dawson, Curtin University

ABSTRACT: This symposium will provide a forum for the discussion of six classroom based socio-scientific issues (SSl)
projects. Exploration of these projects will create opportunities to discuss pedagogies for teaching with SSI and student
learning in the context of SSI as well as advances and challenges to the research being conducted around these issues.
Leading scholars in the area of SSI education will present classroom based research projects conducted in four different
countries spanning various science content disciplines and grade bands. Audience members will be introduced briefly to
all six of the projects and then have opportunities to discuss two project in depth within small group settings. These
small group interactions will be followed by a panel discussion in which themes that emerge across the projects will be
addressed. The aims of the symposium are to 1) showcase classroom based research related to science teaching and
learning in the context of SSI; 2) provide a forum for raising issues and challenges associated with conducting SSI
research across diverse, international setting; 3) facilitate discussion among presenters and audience members
regarding the state of SSl teaching and research; and 4) identify strategies for advancing the SSI agenda.

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies

S5.5 Related Paper Set - Promoting and Examining Teacher Attention to Student Thinking in Science Classrooms
1:15pm —2:45pm, Curacao 3

Presider: Rosemary S. Russ, Northwestern University

ABSTRACT: Teaching science in today’s reform environment requires carefully attending to the substance of students’
ideas so that those ideas can become the basis for meaning-making in the classroom. Unfortunately, despite the fact
that both education researchers and teacher educators agree on the importance of teachers’ noticing and responding to
their students’ thinking, research has shown that it can be difficult for teachers to do so consistently during instruction.
Thus reform initiatives have called upon the science education community to develop supports for teachers’ efforts in
attending closely to their students’ ideas. In this paper set we examine some basic questions about the character of
science teacher attention to student thinking — what successful attention might look like, where refinement might be
necessary, and where differences among teachers might exist. We do so with the assumption that building a research
base on science teachers’ attention will be crucial for designing effective teacher education supports. In addition we
describe the success of some existing supports that use video of classroom instruction to promote science
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teacher attention to student ideas. The papers draw on different theoretical perspectives and methodological
approaches, each with the intent of understanding a different aspect of this important pedagogical practice.

S5.5.1 Resolving Underspecification: Using Teachers' Existing Strategies to Refine the Meaning of Attending to
Student Thinking
Valerie Otero, University of Colorado at Boulder

S5.5.2 Teacher Attention Leading to Student Inquiry: Case Study of an Emergent 5th Grade Magnetism Unit
Colleen Gillespie, University of Maryland, College Park

$5.5.3 Promoting Generative Inquiry: The Importance of Attention and Responsiveness to Multiple Aspects of
Classroom Activity

Lama Jaber, University of Maryland, College Park

Jennifer Richards, University of Maryland, College Park

Luke Conlin, University of Maryland, College Park

David Hammer, Tufts University

$5.5.4 Supporting Elementary Teachers Learning to See Students' Thinking in the Science Classroom
Melissa J. Luna, Northwestern University

$5.5.5 Testing a Conceptual Framework for Science Teacher Learning Programs: The Student Thinking Lens
Kathleen Roth, BSCS

Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies
S5.6 Images of Science in the Classroom

1:15pm —2:45pm, Curacao 4

Presider: Todd Milford, University of Victoria

$5.6.1 Images of Science in School Curriculum

Seema Rivera, SUNY Albany, SR681696@albany.edu

ABSTRACT: This investigation looks at the images presented in science curricula, to examine what types of images
students see as representations of science. In the past, discourse analysis has been used to study books used in the
classroom-- this research is attempting to push beyond just text, and look at the images that students see that are
representative of science. In addition, images of how scientists are represented in textbooks have been looked at in this
past, and have shown that students form stereotypes of scientists based on what they see in curricula. This exploratory
study analyzed images in a popular high school science magazine, ChemMatters, from a qualitative perspective, to see
what kinds of images were being presented to students, and how this could possibly affect their understanding of
science or the scientific enterprise. The researcher placed the images studied on a continuum--one end that represented
images created to engage students, while the other end of the continuum represented images created to inform
students. It was found, from the six selected articles, that the magazine showed a balance between both engaging and
informing images.

§5.6.2 Best Practice in Middle School Science

Alandeom W. Oliveira, State University of New York at Albany, aoliveira@albany.edu
Kristen C. Wilcox, State University of New York at Albany

Janet Angelis, State University of New York at Albany

Arthur N. Applebee, State University of New York at Albany

Vincent Amodeo, State University of New York at Albany
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Michele A. Snyder, State University of New York at Albany

ABSTRACT: Using socio-ecological theory, this study explores best practice (educational practices correlated to higher
student performance) in middle school science. Ten schools in NY were identified through regression analyses taking
into account socioeconomic and demographic factors along with student performance on science assessments.
Interview, observation, and documentary evidence from seven schools with consistently higher student performance
were compared with three demographically similar, yet average performing schools. Best practice in middle school
science included instructional approaches that emphasized (1) relevance and fun, (2) hands-on inquiry, (3) differentiated
instruction, (4) collaborative work, (5) moderate amounts of homework and review, and (6) integration of language
literacy and science, as well as administrative practices such as (7) nurturing a climate of fair opportunity to succeed in
science, (8) offering professional development to improve science teaching through the use of data use and dialogue, (9)
engaging teachers in standard-based curriculum revision and alignment, and (10) ensuring a good fit among
administrators, educators and students. It is argued that best practice in science is not discrete teaching strategies
adopted in individual classrooms isolated from the rest of the school, but rather multiple instructional and
administrative practices that together form a school-wide socio-ecological system conducive to higher performance.

S5.6.3 Developing an Operational Model of Inquiry-Based Teaching: Teacher Roles and Pedagogies

Gillian Kidman, Queensland University of Technology, Australia, g.kidman@qut.edu.au

ABSTRACT: This paper aims to explore how teachers prepare to teach Australia’s National Curriculum in science. One of
the unique aspects of this curriculum is the emphasis on practical work and inquiry-based learning. Students build their
scientific understanding and investigative skills through scientific inquiry where they make connections between their
prior knowledge and with new ideas and evidence — but what role does the teacher play in this? A two-fold rationale
drove this research study. First, there was the goal of examining the international literature relating to inquiry
classrooms, and to use this literature to form a theoretical operational model. Second, the theoretical operational model
was then examined and modified based on actual classroom observations and teacher interviews. Specifically, this study
developed (from published literature) and refined (from classroom observations and teacher interviews) an operational
model based on teaching and learning via guided and open inquiry-based pedagogies. The paper explores the following
research questions: 1. What was the range of inquiry-based pedagogies employed by the teachers? 2. What were the
differences between the teachers in their choice of inquiry-based pedagogies? and 3. What was the influence of student
age on the choice of inquiry-based pedagogy?

Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies

$5.7 Symposium - Climate Education: Research, Perspective, and Issues

1:15pm —2:45pm, Antigua 2

Presider: Anita Roychoudhury, Purdue University, aroychou@purdue.edu

Discussant: William Cobern, Western Michigan University

Presenters:

Daniel P. Shepardson, Purdue University

Devdutta Niyogi, Purdue University

Andrew Hirsch, Purdue University

Bruce R. Patton, The Ohio State University

Soyoung Choi, Purdue University

Yukiko Maeda, Purdue University

ABSTRACT: Given the relevance of climate change in our time, climate education needs attention from science
educators. The findings from a study focused on this topic will be presented in this symposium. Student responses on
the post-tests demonstrate that they learned some of the essential elements of climate and were able to distinguish
weather from climate at a basic level. They also developed some understanding of related concepts such as the
greenhouse effect. A deeper understanding of climate change and the underlying processes need improvement. The
findings and the issues are likely to encourage future researchers to examine these topics.
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Strand 5: College Science Teaching and Learning (Grades 13-20)
S5.8 Retention & Graduate Student Development

1:15pm —2:45pm, Curacao 5

Presider: Andrea R. Milner, Adrian College

$5.8.1 An Exploratory Study of the Relationship Between STEM Graduate Students Teaching Orientations and
Teaching Practices

Joanna A. Gilmore, University of South Carolina, jagilmor@mailbox.sc.edu

Michele Kelly

ABSTRACT: Students commonly cite ineffective instruction as a primary reason for leaving a STEM field (Seymour &
Hewitt, 1997). Research and discussions about how to improve retention in science, technology, engineering,

and mathematics (STEM) disciplines stress the importance of improving STEM teaching, often through the incorporation
of student-centered teaching approaches such as inquiry teaching in K-12 and undergraduate education (National
Research Council, 2000). Graduate students’ beliefs and practices related to student-centered teaching approaches is an
area about which little is known (but see French & Russell, 2002; Saroyan et al., 2009; Volkmann & Zgagacz, 2004). This
study examined STEM graduate students’ orientations towards teaching or beliefs about teaching and learning a specific
subject. It has been asserted that modifying teachers’ beliefs about teaching and learning is prerequisite to changing
teachers’ practices (Nespor, 1987; Pajares, 1992). Research examining this hypothesis, however, reveals contradictory
findings (Mellado 1988; Trigwell and Prosser, 1996). This study examined the belief-practice relationship using several
measures of teaching practices and found few connections between graduate students’ teaching orientations and
practices. Barriers that participants cited to implementing student-centered teaching approaches such as inquiry
teaching will also be discussed.

$5.8.2 Professional Development in College Science Teaching

Aimée K. Thomas, The University of Southern Mississippi, aimee.thomas@usm.edu

ABSTRACT: Graduate students earning a doctorate in the sciences historically focus their work on research and not
development in teaching. However, for those who go on to a career in academia, a majority of time will be dedicated to
teaching. During the past few years, graduate teaching assistants (GTAs) have been prepared to teach by attending a
workshop with logistical information, but no pedagogy. This study was conducted to determine if there was a need for a
teaching certificate program. The GTA respondents studied set goals that were consistent with faculty members across
the country. The GTAs did not differ in their perceived level of competence based on experience level; however, the less
experienced GTAs did perceive they needed more support than the experienced GTAs. To help GTAs develop a skill set
that many graduates currently lack, it is recommended that a teaching certificate program be established to potentially
impact the community through 1) training of GTAs, which contributes to the academic preparation of the future
professoriate; 2) ensuring competent academicians, not only in content but also in pedagogy; 3) GTAs who encourage or
incite undergraduates’ interest to choose a career in the sciences; and 4) making graduates more marketable.

S5.8.3 Perceptions of Teaching Training and Department Climate Among US and International STEM Graduate
Teaching Assistants

Sue Ellen Dechenne, University of Nebraska-Lincoln, sdechenne2 @unlserve.unl.edu

Engaging Diverse STEM Students in Transformative Learning

Larry D. Burton, Andrews University, burton@andrews.edu

David N. Mbungu, Andrews University

John F. Stout, Andrews University

ABSTRACT: International graduate teaching assistants (ITAs) are usually perceived as being “worse” instructors than
their US counterparts (USTAs), and are often evaluated lower in student evaluations of teaching. This has resulted in
extra training in language and US institutional culture given to ITAs. Using a theoretical model of factors that contribute
to the teaching effectiveness of graduate teaching assistants (GTAs), differences in the perception of 82 ITAs and 92
USTAs about those factors are examined. The factors include; GTA training, factors in the department that facilitate
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teaching, the supervisor relationship, and peer teaching relationships. Additionally, GTA teaching self-efficacy and
language and cultural proficiency were determined. For the GTAs teaching during the term they took the survey, their
students responded to an evaluation of the GTAs’ teaching. It was determined that ITAs and USTAs perceive the
teaching climate of their department and their GTA training differently. ITAs have higher teaching self-efficacy and lower
language and cultural proficiency, but report more course level responsibility. While the ITAs and USTAs did not
significantly differ in student evaluations of their teaching; language and cultural proficiency was correlated to student
evaluations. Implications for training and supervising ITAs are discussed.

Strand 5: College Science Teaching and Learning (Grades 13-20)

$5.9 Related Paper Set - Assessment and Analysis of Undergraduates' Principled Reasoning About Biological Processes
1:15pm —2:45pm, Bonaire 7

ABSTRACT: Our goals for undergraduates’ understanding of biological processes are framed within the idea of principled
reasoning. We define principled reasoning as reasoning guided by basic scientific principles and structured by habits of
mind, or practices, which facilitate students’ learning and understanding.The principles apply to multiple contexts and
content areas and therefore promote learning across content areas. We focus on four practices: tracing matter, tracing
energy, tracing information, and recognizing appropriate scales. This paper set includes five papers investigating
questions and formats for assessing undergraduates’ principled reasoning and reporting on ways in which weaknesses in
principled reasoning affect their understanding of biological processes. Implications for instruction are discussed. The
first paper investigates multiple formats for assessing students’ ability to trace matter and energy through
photosynthesis. The second paper looks at undergraduates’ ability to trace information through meiosis and Mendelian
genetics as revealed in tasks that ask them to make connections between standard representations. This is followed by a
paper that examines students’ ability to connect events taking place at different spatial and temporal scales. The final
two papers explore the use of computerized lexical analysis for efficiently drawing assessment information from
extended response items in large enrollment courses.

$5.9.1 Exploring Undergraduates' Understanding of Photosynthesis Using Diagnostic Question Clusters
Joyce Parker, Michigan State University

Merle Heidemann, Michigan State University

Mark Urban-Lurain, Michigan State University

Brett Merrit, Michigan State University

John Merrill, Michigan State University

Amy Lark, Michigan State University

Charles W. Anderson, Michigan State University

Gail Richmond, Michigan State University

$5.9.2 Undergraduates' Struggles to Trace Information in Genetics
Merle Heidemann, Michigan State University

Amy Lark, Michigan State University

Joyce Parker, Michigan State University

$5.9.3 Students’ Use of Spatial and Temporal Scale in their Explanations of Biological Phenomena
Jonathon Schramm, Michigan State University
Charles W. Anderson, Michigan State University

$5.9.4 Moving Across Scales: Using Lexical Analysis to Reveal Student Reasoning About Photosynthesis
Casey Lyons, Michigan State University

Shauna Jones, Michigan State University

Rosa Moscarella, Michigan State University
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John Merrill, Michigan State University
Mark Urban-Lurain, Michigan State University

$5.9.5 Principled Reasoning and Conceptual Change: The Interplay Between Theory, Research and Practice
Mark Urban-Lurain, Michigan State University

Strand 6: Science Learning in Informal Contexts
§5.10 Science Outside the Classroom Walls
1:15pm —2:45pm, Curacao 6

Presider: Terence P. McClafferty, Curtin University

$5.10.1 The Zoo Acuity Model: Depicting Students' Knowledge of Zoos

Patricia Patrick, Texas Tech University, trish.patrick@ttu.edu

ABSTRACT: This study depicts 221 high school students’, ages 15-18, mental representations of zoos. The students
completed a demographic questionnaire, an interview, a concept map, and a ranking-concepts exercise. The findings
indicated that: 1) students who had visited a zoo have a richer mental model of zoos than students who have never
visited a zoo, 2) students who had visited a zoo with their teacher provided a deeper, richer understanding of the roles
of zoos in conservation and education, 3) students who had never visited a zoo do have mental models of zoos, 4)
students do not mention conservation with respect to zoos unless prompted, and 5) students did not mention the zoo’s
connection to species survival nor did they view zoos as a source of information for conservation-related topics. The
data indicated that the students’ knowledge consisted of seven themes: 1) organisms, 2) people, 3) amenities, 4)
descriptive terms, 5) habitats, 6) education, and 7) conservation. The seven themes were defined and used to create the
Zoo Acuity Model. The central constructs of the Zoo Acuity Model are the Observation Framework, the Interaction
Framework, and the Information Framework.

$5.10.2 Why so Hard? Gaining Insights from School Teachers and Informal Science Education Staff Regarding Teacher
use of ISE Resources

James Kisiel, California State University, Long Beach, jkisiel@csulb.edu

ABSTRACT: Although informal science education institutions (ISEls) are poised to assist with the growing efforts to
support STEM learning, there remains a disconnect between formal and informal learning institutions that limits such
collaboration. As part of a larger study to better understand teachers who more frequently utilize ISEl resources (field
trips, outreach programs, professional development), teachers and staff members from three different informal science
institutions were queried to better understand perceived challenges and successes related to these

interactions. Surveys, focus groups, and interviews were used to capture these perspectives. Findings from qualitative
analysis suggest ways that the two distinct communities of practice (school and informal institution) limit more effective
interactions. Furthermore, data from avid users suggest that they may be more effective of traversing beyond the
community of practice defined by their school or classroom, compared to ‘average’ teachers who must first cross the
boundary of their own community of practice, and then interact peripherally with the community of practice defined by
the informal science institution.

$5.10.3 Closing the Gap: Teachers' Perceptions of Informal Science

Joy Kubarek-Sandor, lllinois Institute of Technology, John G. Shedd Aquarium, jkuba@sheddaquarium.org

ABSTRACT: This session will present the findings of a qualitative study describing teachers’ perceptions of informal
science education. The literature on teachers and informal science education is mostly limited to field trips. However,
informal science education and the benefits they provide for learning experiences extend far beyond the field trip.
Opportunities may include teacher professional development, curriculum resources, student programming and more. In
addition, research has shown incongruencies between teachers’ motivations versus their definition of a successful field
trip. While teachers say they want to connect to the curriculum, they have reported a successful field trip being one that
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is fun and enjoyable. These gaps lend themselves to further study to gain a deeper understanding of how teachers
perceive informal science education.

$5.10.4 Connecting Fieldtrip Learning to a School-based Ecology Unit: Using Socio-cultural Theory to Design and Study
Learning Across Settings

Heather Toomey Zimmerman, Pennsylvania State University, heather@psu.edu

Jennifer L. Weible, Pennsylvania State University

ABSTRACT: Sociocultural learning theory is used to study the development of the scientific practices of collecting data
and using evidence and the development of the understanding of the concept “watershed” across three settings (school
classroom, online wiki, and community stream monitoring in a fieldtrip). We analyze video data (~300 hours) from
learners (n=79 consented ninth and tenth graders) as they participated in an ecology unit in school, authored an online
wiki, and attended a community stream monitoring field event, led by environmental educators and scientists. We
worked with the teachers of these youth to better integrate a stream monitoring fieldtrip into the curriculum through
employing digital photography and wikis. Our goal was to study how technologies can (a) extend learners’ engagement
with disciplinary knowledge and practices for more in-depth inquiry leading to robust explanation-building and (b)
enrich one setting with knowledge and practices gained in another for further knowledge integration between informal
and formal experiences.

Strand 7: Pre-service Science Teacher Education
S5.11 Preservice Teacher Beliefs & Attitudes
1:15pm —2:45pm, Curacao 7

Presider: Carolyn S. Wallace, Auburn University

$5.11.1 The Intuitive Curriculum: Why Biology Teachers Tend to Shy Away from Philosophical and Social Issues

Arne Dittmer, University of Hamburg, arne.dittmer@erzwiss.uni-hamburg.de

ABSTRACT: There is a growing awareness that reflection on the nature of science and ethical aspects should be an
integral part of science education. The study presented here investigates the relevance of socialisation in higher
education for acquiring philosophical competence among biology teachers. In semi-structured interviews biology
teachers were asked about the significance of philosophical problems and encounters in their own educational
biographies and in their current classes. The results indicate that philosophical competence among biology teachers is
acquired largely coincidentally and not as part of the biology curriculum. This poses a problem which can be interpreted
on the basis of dual-process theories of social information processing, leading to a more profound understanding of the
meaning of internalized convictions for the development of intuitive judgments and intentional behaviour. When the
academic division of labour prevalent in institutions nowadays is internalized by teachers, they tend to marginalize
philosophical thinking in science education and to delegate responsibility for such problems to other subject areas. In
view of the fact that an academic career has an influence on which activities and contents are emphasized in the
classroom, an argument will be presented for the integration of philosophical reflections in the education of biology
teacher.

$5.11.2 Longitudinal Research on the Impact of Pre-Service Programs on Secondary Science Teachers' Beliefs and
Practices

John W. Tillotson, Syracuse University, jwtillot@syr.edu

Monica J. Young, Syracuse University

Robert E. Yager, University of lowa

John E. Penick, North Carolina State University

ABSTRACT: The NRC (2010) report on preparing teachers concluded that more comprehensive and longitudinal research
is needed that examines the impact of specific pre-service learning experiences such as field experiences and
pedagogical courses on science teacher outcomes following graduation. The purpose of this study was to longitudinally
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examine the perceptions of preservice science teacher education program graduates (N=151 total) concerning the
impact of specific preservice program learning experiences on the development of their epistemological beliefs about
effective science teaching and learning and their classroom practices. Graduates from three science teacher education
programs representing geographically diverse regions of the United States were studied using a battery of qualitative
and quantitative instruments to determine the perceived role that each of these three teacher education programs
played in providing them with the requisite knowledge and skills to be successful as a science teacher. The goal was to
compare outcomes within and between teaching experience levels and preservice programs to examine the relative
impact of critical learning experiences on science teacher development over time. The results suggest that duration of
pre-service program, multiple sequential methods courses and diverse field experiences spanning multiple grade levels
all contributed to significant differences in teacher quality across the three programs.

$5.11.3 Epistemological Views of Pre-Service Science Teachers: Role of A Pre-Service Science Teacher Education
Course

Saigqa Azam, University of the Punjab, Lahore, Pakistan, sazam@ucalgary.ca

ABSTRACT: The paper describes a research aiming at challenging and hence tries to changing epistemological views of
pre-service science teachers (PSTs) about science learning and teaching in a single teacher education course. The
researcher as an instructor facilitated PSTs to change their existing traditional views about learning science and helped
them to develop a more acceptable view. During the course students teachers explored various paradigms of learning
and relevant learning theories in context of science learning and teaching. Student teachers were encouraged to reflect
and discuss their own learning experiences of science and possible options for future science teaching. To evaluate the
success of the course in terms of the intended objective of changing PSTs views about learning and teaching science,
data was collected at the beginning and at the end of the course. Analysis of data demonstrated a significant shift in
PSTs’ views about science learning; though their understanding about the intended view of learning science
(constructivism) was trivial at the end of the course. The research study provides some evidence for the effectiveness of
the course and suggests a plan of action for future to improve the course aiming at changing views of student teachers’
about learning science.

$5.11.4 Elementary Pre-service teachers' Attitude Towards Biotechnology Processes

Frackson Mumba, Southern lllinois University Carbondale, IL, frackson@siu.edu

Vivien M. Chabalengula, Southern lllinois University Carbondale, IL

Jonathan Chitiyo, Southern lllinois University Carbondale, IL

ABSTRACT: This study examined pre-service teacher’s attitude towards biotechnology and its related processes. A
sample comprised 88 elementary education pre-service teachers at a university in the Midwest of the USA. Sixty and 28
of these students were enrolled in Introductory Science Methods course and Advance Science Methods Course,
respectively. Data were collected using a questionnaire which had 15 statements on a Likert-scale and required students
to indicate whether each statement is acceptable or unacceptable. The results indicated that students from both
courses generally held a wide range of attitudes towards biotechnology. Notably, majority of students had negative
attitudes towards processes that involved the insertion or removal of genes in humans and animals. Implications for
science teacher education, curriculum as well as recommendations for further research are discussed.

Strand 8: In-service Science Teacher Education
$5.12 Teacher Practice

1:15pm —2:45pm, Curacao 8

Presider: Tamara E. Peffer, Lehigh University

$5.12.1 Citizen Science Research and Teachers: Understanding the Process and Implementation into the Classroom
Koomen Michele J. Hollingsworth, Gustavus Adolphus College, mkoomen@gac.edu
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ABSTRACT: This paper reports on a group of teachers followed into their science classroom after they completed a
professional development program utilizing citizen science research. Two important frameworks guided this study:
effective professional development and a practice of teaching science using inquiry. This study featured a mixed
methodology including: pre and post assessments, observations of classroom teaching episodes, interviews with
students and teachers and student work samples. Findings include: transformation of teaching practice, student
outcomes and an emerging identity of both teachers and students as “scientist.” Implications for science teacher
education and professional development are identified.

$5.12.2 Science Teachers' Orientations, Practices, Professional Development, and Intentions Regarding Project-Based
Science focused on Sustainable Energy

Lisa A. Brooks, The University of Toledo, lisa.brooks2@utoledo.edu

Charlene M. Czerniak, The University of Toledo

ABSTRACT: The goal of the LEADERS Project is to improve science education by connecting students to local renewable
energies industries and their environmental impacts through Project Based Science (PBS). The purpose of this study was
to connect preliminary data on the practices, beliefs and intentions of eight participants in the first Summer Institute
using the Theory of Planned Behavior (Ajzen, 1985) as a framework. Baseline survey, interview and observation data
showed a range of participant classroom practices and beliefs about science teaching. Analysis of two PBS surveys
revealed participants generally had high affinities, positive attitudes, and intended to implement PBS curricula in their
classrooms. Teachers also reported high levels of control over their classroom and a moderate to high range of school
community support of PBS. The understanding participants demonstrated in their written definitions of PBS did not,
however, align well with expert views. This preliminary analysis will be followed up with observations of PBS
implementation, interviews about teaching orientation and understanding of PBS, and an analysis of participant
designed PBS lesson plans in the fall. Results from this study will enable the LEADERS project team as well as other PD
developers to better select and mentor future teacher leader candidates.

$5.12.3 Teacher Knowledge of Practice Generated through Professional Experimentation with Model-based Reasoning
Rich Hedman, Sacramento State University Interim Director, Mathematics and Science Education Center,
hedmanrd@csus.edu

Cynthia Passmore, University of California, Davis Associate Professor

ABSTRACT: Model-based reasoning is the process of reasoning with a set of ideas, specifically a scientific model.
Emerging evidence suggests that model-based reasoning learning environments promote conceptual understanding in
science, yet teachers are unfamiliar with these learning environments. Professional development is needed to assist
teachers in establishing these learning environments. This research focused on indentifying and understanding the
knowledge of practice generated by three teachers through professional experimentation with model-based reasoning.
For this qualitative study we triangulated and organized a set of findings for each domain of the Interconnected Model
of Professional Growth (Clarke & Hollingsworth, 2002). We found important changes in teachers ideas in each domain,
for example, we found that teachers reported engaging students in tasks centered in model development facilitated the
use of collaborative groups and guiding questions; teachers reported that their cognitive load increased during
instruction as they attended carefully to student ideas; they reported increased student intellectual engagement and
more rigorous student thinking. Our findings suggest the critical importance of tasks centered in model development
and the guiding question feedback cycle, described significant network chokepoints which could impinge upon
successfully engaging students in model development, and suggested the professional development implications of
these findings.

Strand 9: Reflective Practice

S5.13 Reflection on Science Content Teaching

1:15pm —2:45pm, Bonaire 6

Presider: Liesl M. Hohenshell, University of Wisconsin-Whitewater
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$5.13.1 We Should Hardly Be Surprised That The Theory of Evolution Remains So Controversial...

Leslie Sandra Jones, Valdosta State University, lesliesj@valdosta.edu

ABSTRACT: The stubborn persistence of the “Evolution/Creationism Controversy” is rooted in a basic failure to
understand and address the reasons religious students are so apprehensive about this important scientific theory. Over
the years, | have become increasingly more convinced that the Evolution/Creationism controversy is inadvertently
perpetuated by the science education process. Most of the staunchly creationist students in my classes provide evidence
that evolution was not presented coherently at any time in their precollegiate education and they have little or no
understanding of the epistemological distinctions between science and religion. Their biology lessons had been
confusing and failed to teach about the role that this theory plays in organizing the extensive body of knowledge that
has been assembled regarding the history of living organisms. Religious students have little reason to look for ways to
reconcile evolution with the biblical explanations they had always believed. The conceptual change approach, which was
developed as a teaching strategy, is also a useful analytical framework for demonstrating why educational efforts do not
convince some students of the validity of biological evolution and why we continue to fail to facilitate the construction
of solid conceptual understandings of evolution in science classes.

$5.13.2 An Instructor's Reflective Journey of Implementing a Thematic Approach to Teaching Nature of Science in a
Pre-Service Education Biology Course

Sarah J. Krajewski, Western Michigan University, sarahkrajewski@yahoo.com

Renee Schwartz, Western Michigan University

ABSTRACT: This is an action research, self-reflective study in which the teacher-as-researcher assumes a meta-cognitive
perspective to reflectively examine how nature of science (NOS) can be explicitly taught and assessed through daily
lesson planning, teaching, and assessment. Research supports an explicit/reflective approach to teaching about NOS, but
little is reported on teachers’ journeys as they attempt to integrate NOS into everyday lessons. This report describes the
journey of daily implementation of NOS throughout four units of a community college biology course (genetics,
molecular biology, evolution and ecology). We report the challenges and successes faced by an experienced teacher
implementing NOS for the first time. Student outcomes were also tracked by formative and summative assessments and
interviews. Data include weekly lesson plans, pre/post reflective journaling, pre/post VNOS/VOSI questionnaires, writing
pieces, and interviews. Results indicate the experienced teacher felt like a novice teacher when planning and teaching
NOS in terms of time commitment and efficacy. Through persistence and reflection, she demonstrated growth in the
ability to implement NOS aspects into daily instruction. As a practical example of putting research-based instructional
recommendations into practice this study may be very useful for other teachers of biology who are learning to teach
NOS.

$5.13.3 Analog Modeling of Earth Processes: A Case Study in Multidisciplinary, Guided Inquiry Science and
Mathematics Education

Laura Serpa, University of Texas at El Paso, Ifserpa@utep.edu

Olga Kosheleva, University of Texas at El Paso,

Milijana Suskavcevic, Rice University

ABSTRACT: The objective of this work is to use guided instruction to give teachers the tools needed to increase their
content knowledge in science and mathematics. Faculty from mathematics education, physics, and geology collaborate
to develop a series of activities that are designed to draw on the students’ personal experiences through 1) an
introduction into a specific local problem, 2) building models of the system under discussion, 3) making measurements
and an accurate representation of the data, and 4) analyzing the significance of the results. The responses to these
activities indicate the participants would be willing to repeat the experiments following established scientific
methodologies even though it is considered difficult. The students indicate they would incorporate the experiments in
their courses.

$5.13.4 An Integrative Model for Exploring the Development of Science Teachers' Personal Practical Knowledge
Chorng-Jee Guo, National Changhua University of Education, pfcjguo@cc.ncue.edu.tw
Ping-Tun Huang, National Changhua University of Education
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Li-Jeng Wu, National Changhua University of Education

ABSTRACT: Following Doyle (1990), a distinction between theoretical knowledge and personal practical knowledge is
made. Since the study of teacher’s personal practical knowledge is situated in a multi-dimensional space, involving
interactions of experiences across time (past, present and future), among people, and at different locations, we need to
attend to the personal, social, historical, and cultural dimensions holistically. An Integrated Model is proposed
emphasizing the interactions and connections of teacher’s self, the school/classroom contexts, and the professional
community. Teachers’ day to day practices are considered to take place in these arenas as they move continuously from
one to another. An outline of the organizing elements relating to teachers professional activities in each arena is
described. For the category identified as teacher’ self, we use a heuristic model of PCK (Park & Oliver, 2008) consisting of
six components, namely, teacher efficacy, knowledge of students’ understanding in science, knowledge of science
curriculum, orientation to teaching science, knowledge of assessment of science learning, and knowledge of
instructional strategies for teaching science. For the school/classroom contexts: Context, Input, Classroom process, and
Output. And finally, for the professional community: Theory, Research, Practice, and Policy. Potential use of the Model
and its possible contributions are briefly discussed.

Strand 10: Curriculum, Evaluation, and Assessment

S5.14 Large-Scale Assessment and Curriculum Reform
1:15pm —2:45pm, Bonaire 1

Presider: Mercy Ogunsola-Bandele, Adamawa State University

$5.14.1 The Impact of an Innovative Science Curriculum on Students' Attitudes towards School Science

Indira C. Banner, University of Leeds, i.banner@education.leeds.ac.uk

Jim Ryder, University of Leeds

Jim Donnelly, University of Leeds

ABSTRACT: Research into students’ attitudes towards school science has been of interest internationally for several
years, more so due to falling numbers of students taking post-compulsory science. This paper examines students’
attitudes in the context of a nationwide science curriculum reform which aimed to increase the relevance of school
science to students and make it useful for everyday life. A strong emphasis has been placed on teaching about the
nature of science and socio-scientific issues. By analysing in-depth student group discussions from four differing schools,
students’ attitudes towards the curriculum are discussed. The focus in this study is on students’ perceptions of relevance
and interest in the curriculum and is analysed using frameworks from the literature. Patterns across different student
groups are identified and show that with some students a relevant curriculum with socio-scientific issues does not
engender a positive response. The importance of curriculum development, in the context of other influences on
attitudes towards school science, is questioned.

$5.14.2 Developing Instructionally Sensitive Assessment: Lessons Learned about the Manipulation of Close and
Proximal Item Characteristics

Maria Araceli Ruiz-Primo, University of Colorado Denver, maria.ruiz-primo@ucdenver.edu

Min Li, College of Education, University of Washington

Deanna Sands, University of Colorado Denver

Kellie Willis, College of Education, University of Washington

Michael Giamellaro, University of Colorado Denver

Margaret Anny Jones, University of Colorado Denver

Jennifer Feehan, University of Colorado Denver

ABSTRACT: Instructionally sensitive assessments are on the spot again. The main focus of the discussion has been the
impact that instructionally insensitive assessments, large-scale assessment, have in making inferences about the quality
of instruction students received or the effectiveness of educational programs. Yet, standardized test are being used for
diverse accountability purposes (e.g., identifying poor-performing schools and districts, evaluating teacher
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effectiveness). The strategy used to study instructional sensitivity since the 80’s has focused on the student performance
on assessments already developed and how the performance could accurately reflect the quality of the instruction
students received. This project focuses on filling a gap in this research area: how to develop instructionally sensitive
assessments rather than just judging assessment already developed. This paper focuses on the lessons learned in
developing and evaluating instructionally sensitive assessments for three science modules using judgmental and
empirical evidence. The study addresses the following research questions: What module characteristics can be
systematically manipulated to develop items at different distances (close, proximal, and distal) that prove to be
instructionally sensitive? What are the manipulated characteristics from a module (as intended) that prove to be robust
to variations in its enactment and its instructional sensitivity?

$5.14.3 Mathematical and Non-Mathematical Requirements in Upper Secondary School Physics Graduation Tests
Felix Schoppmeier, University of Duisburg-Essen, felix.schoppmeier@uni-due.de

Andreas Borowski, University of Duisburg-Essen

Hans E. Fischer, University of Duisburg-Essen

ABSTRACT: Mathematics competences are important factors in the learning and teaching of physics, including the
assessment of physics. To understand just how integral mathematics competences are in physics assessments, this study
examines 22 test sets of upper secondary school physics graduation tests, looking at aspects of mathematical and non-
mathematical requirements, specifically. To analyze the tests, a manual with four mathematical and five non-
mathematical requirements has been developed and evaluated. The tests include multi-step items that are divided into
subtasks. The analysis shows that approximately 80% of the subtasks require mathematical knowledge to correctly solve
them. Furthermore, in approximately 50% of the subtasks, exclusively mathematical knowledge is needed to solve items
in the category “calculation”. These results show that upper secondary school physics graduation tests examine too
much mathematical competence and not enough non-mathematical competence.

Strand 11: Cultural, Social, and Gender Issues

$5.15 Inservice Teacher and Preservice Teachers' Attitudes towards Science and Children: Innovative Theoretical and
Methodological Approaches

1:15pm —2:45pm, Bonaire 2

Presider: Regina Suriel, University of Georgia

$5.15.1 Science Teachers' Views on Cultural Diversity: Contributions from Anthropology

Katemari Rosa, Columbia University, katemari@gmail.com

Felicia Moore-Mensah, Columbia University

ABSTRACT: Amongst the investigations dealing with teachers’ perceptions of cultural diversity, this paper emerges from
an anthropological framework to expand discourses on cultural diversity in science education. We examined how the
discourses of cultural diversity in anthropology dialogue with the discourses on cultural diversity of the science
education community. In addition, we interpreted how an anthropological analysis can help our understanding of
science teachers’ views on cultural diversity. Our choice for using an anthropological framework is because cultural
diversity is one of the core themes of that field. Finally, we provided an analysis of how anthropology can address the
guestion about the definition of diversity and how an examination from an anthropological perspective of training
programs for diversity can contribute for building working definitions of diversity to the research and teaching of
science.

$5.15.2 Nano-biotechnology Literacy for Sustainability in an International Context: Preparing the Public by Educating
Teachers

Toth Eva Erdosne, West Virginia University, eva.toth@mail.wvu.edu

Graham Meadow Sherrill, West Virginia University

Brittany Witherspoon, West Virginia University
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Jennifer Trythall, West Virginia University

ABSTRACT: The research-based preparation of pre-service teachers is a pivotal element of educating the public for
scientific literacy and related societal decision making. Scientific literacy is specifically important during the early phases
of discovery where technological advances provide impetus for societal, economical and ecological applications.
However, the risks and benefits at this early phase are not fully known. One current debate focuses on the risks and
benefits of biotechnology and nanotechnology (jointly referred to as nano-biotechnology) discoveries. Thus, examining
the perspectives of teachers, the professionals who educate the future public, is a critical need for science educators and
researchers. Using a mixed method research design, we studied pre-service, elementary teachers’ perspectives about
nanotechnology application specifically as related to recovery from natural disasters. We found that students had a
“cautiously optimistic” attitude towards nanotechnology and their reasoning for this attitude changed noticeably after
the problem-solving activity that focused on nanotechnology application in a disadvantaged country as a way of
recovery after a natural disaster. We anticipate that our work — that corresponds to the NARST 2011 theme — will be
informative for members for their future research and instructional efforts, especially as related to the education of
students in rural communities such as ours.

$5.15.3 Negotiating Emotions in Becoming a Social Justice Science Teacher

Maria S. Rivera Maulucci, Barnard College, Columbia University, mriveram@barnard.edu

ABSTRACT: Becoming a social justice teacher, for high-poverty urban settings, is fraught with emotional ambivalence
related to personal, professional, relational, political, and cultural social justice issues. Prospective teachers must
navigate their sense of justice, grapple with issues of educational disparity, engage with theories of critical, multicultural,
and constructivist approaches to teaching science, and articulate their vision and philosophy of teaching. Furthermore,
their emotional navigation occurs at nested micro, meso, and macro levels. In this paper, | construct an emotional
genealogy that provides an account of the historical development of an African-American, Caribbean preservice
teacher’s social justice stance. The emotional genealogy will focus on what emotions Nicole expresses, and how those
emotions serve as markers for social justice issues she navigates, from micro to macro levels, in becoming a social justice
Chemistry teacher.

$5.15.4 People and Places: The Use of Portraiture for Understanding Context in Science Classrooms

Cassie F. Quigley, Clemson University, cassieq@clemson.edu

Amy Trauth-Nare, Indiana University

Nicole Beeman-Cadwallader, Indiana University

ABSTRACT: Portraiture is as a method of inquiry that blends art and science (Lawrence-Lightfoot & Davis, 1997). The
portraitist blends aesthetic and scientific aspects of inquiry through systematic use of observation, data collection, and
interviews to describe phenomena while simultaneously capturing the beauty and aesthetic properties of phenomena.
As such, portraiture is a methodological approach that encompasses all aspects of the study, including protocol, data
collection and analysis, and presentation of findings (Yazzie, 2002). Through scientific writing, we endeavored to create
authentic portraits of classrooms in which we studied. Although portraiture has been used commonly in other areas of
educational research (e.g., Hakman, 2002; Harding, 2005; Lynn, 2006), only a few studies in science education (e.g.,
Larkin, Seyforth, & Laskey, 2009; Mulholland & Wallace, 2005) have employed portraiture. Our purpose is to describe
the relevance of portraiture for framing, conducting, and analyzing research in science education, not simply a serving as
a means for presenting the outcomes of a study. In this proposal, we provide portraits from two contexts as a way to
outline how portraiture can be a viable methodology for science education researchers.
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Strand 12: Educational Technology

$5.16 Integrating Commercial Technologies into Teaching
1:15pm —2:45pm, Bonaire 3

Presider: Vanessa D.I. Pfeiffer, University of Duisburg-Essen

$5.16.1 Integrating Geospatial Technologies in an Inquiry Energy Unit with Urban Middle School Students

Violet Kulo, Lehigh University, violet.kulo@lehigh.edu

Alec M. Bodzin, Lehigh University

ABSTRACT: This paper describes the integration of geospatial technologies in an interdisciplinary Energy unit developed
for diverse middle school students. The Energy unit utilizes Google Earth and GIS to support student understanding of
the world’s energy resources while promoting spatial thinking skills. The Energy unit focuses on the world’s energy
resources and their impacts on the environment, energy use and misuse practices, and ways to sustain the future of our
environment with alternative energy sources. The learning activities address common student misconceptions and
knowledge deficits about energy concepts that are discussed in the literature. The study was implemented in five eighth-
grade classes in a culturally diverse urban middle school. Data were gathered through pre/posttest assessments, daily
classroom observations, and daily reflective meetings with the teacher. Findings revealed that integrating geospatial
technologies in an 8th grade science Energy unit helped students at all ability levels increase their science content
knowledge and develop spatial analysis skills. Energy conceptual knowledge gains were statistically significant.

$5.16.2 Google Earth: How Are Teachers Using This Virtual Globe and How Can They Be Further Supported?

Rebecca R. Deutscher, University of California at Berkeley, rrdeutscher@berkeley.edu

ABSTRACT: Google Earth is a powerful virtual globe that helps students see the world from a variety of angles and
perspectives. The goal of this study was to examine teachers’ background with Google Earth nationally, to find out how
they are currently using it, and learn how to better support them. There were 1140 teachers who participated. The
results indicated that teachers are positive about it, are more likely to use it if integrated into a curriculum, felt it would
not be difficult to use, have little professional development in it, and felt that access to computers is the biggest hurdle.
By understanding how to support teachers, it is hoped that we can help students better understand the world around
them.

$5.16.3 Electronic Interactions in Science Classrooms at no Cost: Google Voice as a Formative Assessment Tool

Brian C. Baldwin, Kean University, brian@bcbaldwin.com

ABSTRACT: An exploratory study investigated the implementation of GoogleVoice SMS messaging as a formative
assessment tool in science teacher education classrooms. Within the context of a modification of the well-known
candle-cylinder experiment, results indicated that the technology-enhanced formative assessment tool was able to
collect student responses and predictions in real-time wtihout prior programming of back-end software or electronic
slides prior to instruction. Results indicate the need for future curriculum development for its use in teacher education
and K-12 classrooms.

Strand 13: History, Philosophy, and Sociology of Science

$5.17 Symposium - Objectivity in Science and the Study of Pseudoscience in Education
1:15pm —2:45pm, Bonaire 4

Presider: Ron Good, Louisiana State University

Presenters:

Michael R. Matthews, University of New South Wales

Norman G. Lederman, lllinois Institute of Technology

Judith S. Lederman, Illinois Institute of Technology

Catherine M. Koehler, lllinois Institute of Technology
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Larry D. Yore, University of Victoria

ABSTRACT: The topic of objectivity in science is closely related to and has implications for the study of pseudoscience in
society. The public is constantly exposed to claims that use the veil of science to promote products that have little, if
any, scientific evidence behind them. From subluxation chiropractic to parapsychology to astrology to intelligent design
to weight loss pills, people are bombarded with claims of easy solutions to complex problems. Equally troublesome is
the inclusion of traditional forms of knowledge in science curricula without consideration of the ontological assumptions
and epistemological beliefs embedded in the knowledge. Should a person be considered scientifically literate if she is
unable to identify and analyze common pseudosciences and alternate forms of knowledge about nature and naturally
occurring events? How might science education help students and society in general become more proficient in
recognizing common pseudosciences? These questions are closely related to the topic of objectivity in science and this
panel discussion will consider the pros and cons of including the study of pseudoscience in the school science
curriculum.

Strand 14: Environmental Education

$5.18 Science Teacher Education as a Context for Environmental Literacy Improvement
1:15pm —2:45pm, Bonaire 5

Presider: Maria Ferreira, Wayne State University

$5.18.1 Satisfaction of Pre-service Science Teachers' Basic Psychological Needs While Solving an Environmental
Problem

Guliz Karaarslan, Agri lbrahim Cecen University, Middle East Technical University, kguliz@metu.edu.tr

Hamide Ertepinar, Middle East Technical University

Semra Sungur, Middle East Technical University

ABSTRACT: The purpose of this study was to examine how pre-service science teachers’(PST) basic psychological needs
that are competence, autonomy and relatedness were satisfied while solving the environmental problem namely “Why
worry about extinction” during an environmental course. The qualitative data were obtained from five PSTs who were
taking this environmental course. Multiple case study was conducted by using multiple sources that are interviews,
observations and assignments. To analyze data, constant comparative method and open coding were used. Two
categories (cognitive features and instructional features) and five codes (sense of confidence in action, sense of self
initiation, awareness of personal role in the nature, awareness about environmental organizations, collective
construction of ideas and student guided discussion) were explored in the data. When PST felt confident in action and
were aware of their personal role in the nature, their sense of competence was fulfilled. Moreover, feeling initiative
supported their needs for autonomy. When they were aware about environmental organizations, their sense of
relatedness was satisfied. Collective construction of ideas and student guided discussion supported their needs for
autonomy and relatedness. In conclusion, PSTs’ basic psychological needs were fostered while solving and discussing the
problem.

$5.18.2 How Do Pre-Service Science Teachers Perceive Local and Non-Local Environmental Problems?

Busra Tuncay, Giresun University, tbusra@metu.edu.tr

Ozgul Yilmaz-Tuzun, Middle East Technical University

ABSTRACT: The study aimed to investigate how pre-service science teachers perceived local and non-local
environmental problems and whether there were any differences in their perceptions. A convenience sample of 114
pre-service science teachers participated to the study. For data collection four local and four non-local environmental
cases about deforestation, e-waste, oil spill, and global warming environmental problems were prepared by the
researchers and ten questions about the certainty, tangibility, and seriousness of the causes and the consequences of
the problems, participants’ knowledge levels and concerns as well as their perceptions about the trend of the
environmental problems after 20 were asked for each of the environmental cases. The participants were found to be
aware of the certainty, tangibility, and seriousness of the causes and the consequences of both local and non-local
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environmental problems and the fact that their lives would be affected by them. Moreover, descriptive findings of the
study revealed that there were some differences their perceptions —including their risk perceptions- in favor of local
environmental problems indicating that emphasizing local environmental problems both in mass media and
environmental education programmes may lead people to behave more pro-environmental.

$5.18.3 Exploring Prospective Science Teachers' Epistemological Beliefs regarding Learning in the Domain of
Environment

Elif Adibelli, Middle East Technical University, aelif@metu.edu.tr

Ozgul Yilmaz-Tuzun, Middle East Technical University

ABSTRACT: This study aimed to investigate prospective science teachers (PSTs)’ epistemological beliefs regarding control
and speed of learning in the domain of environment through comparing with those in the domains of physics, chemistry,
biology and mathematics. The participants of this study consisted of 12 female PSTs. To assess PSTs’ epistemological
beliefs regarding learning a semi-structured interview developed by Schommer-Aikins (2008) was used. To examine
domain-specific epistemological beliefs, participants answered each question first for the domain of environment and
then the domains of physics, chemistry, biology and mathematics. Miles and Huberman’s (1994) approach was used to
analyze qualitative data. The analyses of PSTs’ responses to a set of interview questions indicated that the PSTs believed
in acquired ability to learn more in environment since unlike other domains ability to learn in environment is related to
having an interest rather than intelligence and can be improvable through experiences or observations. Moreover, the
PSTs considered that environmental knowledge can be learned quickly through observation with naked eye unlike
knowledge in other domains which are learned slowly due to being abstract. These findings suggest that learning
problem in environment or having responsible environmental behavior may be related to personal epistemological
beliefs.

$5.18.4 Environmental Knowledge, Attitudes, and Awareness of Pre-Service Teachers and Faculty

Bruce Johnson, University of Arizona, brucej@email.arizona.edu

Deborah Barca, University of Arizona

Dennis Rosemartin, University of Arizona

ABSTRACT: As part of a larger effort to incorporate environmental literacy into the teacher preparation programs at a
large, public university in the southwestern U.S., the current study used a mixed method approach, including written
guestionnaires, open-ended questions, and interviews, to collect data on the environmental understandings, attitudes,
and actions of 234 pre-service teachers and 31 teacher preparation faculty members. Faculty members were found to
have a much greater understanding of ecological concepts and applications to their lives, such as being able to identify
fossil fuels as the main source of electricity in their city while pre-service students incorrectly believed that solar was a
main source. While pre-environmental attitudes were common across groups, pre-service teachers had a much higher
belief in the ability of technology to solve environmental problems. Both groups felt that including environmental
learning in the curriculum was important, and targeted interviews explored why they felt that is important as well as
their views on how it might be done.

Strand 1: Science Learning, Understanding and Conceptual Change
S6A.1 Poster Session A
3:15pm — 4:15pm, Grand Sierra D

S6A.1.1 Improving Student Understanding of 'Size and Scale' through a Variation Theory Approach

Su Swarat, Northwestern University, s-swarat@northwestern.edu

Denise Drane, Northwestern University

Greg Light, Northwestern University

ABSTRACT: “Size and scale” has been identified as one of the “big ideas” in nanoscience education at the K-12 and
undergraduate levels. This paper builds on a series of studies on “size and scale” presented at the last three NARST
conferences, and reports the results of a randomized controlled trial evaluating an intervention to enhance
undergraduate students’ conceptual understanding of this concept. The intervention was based on the Variation Theory
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(Marton & Booth, 1997) and was designed to raise students’ awareness of the three key aspects of variation in
conceptions of “size and scale”. Using contrasting examples that highlight the differences between the four conception
categories of “size and scale”, we expected students to become aware of their own understanding in terms of what
differentiates their existing conception from other categories, and what the areas of improvement are. Our mixed-
method analysis revealed some preliminary evidence for the success of the intervention — the intervention group
gained more on “scale category” items both in terms of correctness and sophistication scores than the control group
who received traditional instruction on “size and scale”.

S6A.1.2 Investigating 6th Grade Students' Causal Reasoning in Biodiversity

Hayat Hokayem, MSU, alhokaye@msu.edu

Gotwals Amelia Wenk, MSU

ABSTRACT: This study investigates 6th grade students’ reasoning of ecology and biodiversity when they are presented
with food web scenario and with bar graphs related to biodiversity. We analyzed 110 written assessment items that
required students to write scientific explanations about the effect of changing a certain population on other populations
of the food web. We developed an iterative coding scheme that emerged from the data and that employed causal
reasoning due to the nature of the assessment items. The results revealed that students’ causal reasoning was mainly
split between two types: the first was causal reasoning that considered only the two populations, and the second was
reasoning that diverged to think about other populations in the ecosystem. Moreover, we also found that the student
found it more difficult to relate representation labels to scientific biological concepts. However, in most situations, when
students answered in scientifically inappropriate manner, it was mainly due to lack of specific scientific content rather
than faulty reasoning. Those results have implications towards identifying the key content knowledge and skills for
different kinds of scientific explanations in addition to rethinking the current learning progression proposed in ecology
and biodiversity.

S6A.1.3 Chinese and Australian Grade 6 Children's Conceptual Understanding of Science

Ying Tao, University of Western Australia, taoy03@student.uwa.edu.au

Mary Oliver, University of Western Australia

Grady Venville, University of Western Australia

ABSTRACT: The purpose of this study was to compare Chinese and Australian Grade 6 children's conceptual
understanding of science. Participants were Grade 6 children from a public school, a private school, and a rural school in
Hunan Province, China (n=140) and Western Australia (n=89). Children's understanding was assessed by a science quiz
developed from the past TIMSS science released items. In-depth interviews were carried out to further explore
children's conceptual understanding of living things, the Earth, and floating and sinking. Science teachers and school
principals were interviewed, classroom observations completed and documents collected to ascertain different
approaches to elementary science curricula in the two countries. The science quiz results revealed that the distribution
of Chinese and Australian Grade 6 children's responses to each quiz item displayed similar patterns. Interviews indicated
that Australian Grade 6 children, however, demonstrated relative strength in their conceptual understanding of life
science and physical science. Children from both countries were weak in understanding complex concepts in the domain
of earth science.

S6A.1.4 The Development of Learners' Attitudes Towards Different Natural Scientific Subjects - A Longitudinal Study
Alexandra Pleus, Humboldt-University Berlin, Germany, alexandra.pleus@biologie.hu-berlin.de

Zu Belzen Annette Upmeier, Humboldt-University Berlin

ABSTRACT: The key aspects of the following research are the development of learners’ attitudes and the transition from
primary to secondary school as well as between different natural scientific subjects and their influence on attitudes.
Within the framework of a longitudinal study based upon the attitude expressions of primary and secondary school
learners (Christen, 2004) the data of students’ attitudes are collected. Learners’ attitudes are influenced by factors such
as the class atmosphere, behavior toward classmates and teachers, and the didactic-methodological organization of
biology class. Previous researches do not incorporate how biology as a scientific subject is being introduced to the
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learners, how it is perceived and how this perception influences the attitude development. A main result is the
downward tendency of the enjoyment of learning and the increase of boredom and frustration. Especially before the
transition, the number of goal and achievement oriented learners increases. In addition, the study focuses on the
guestions, which subject-specific aspects influence the attitude development and which concepts do learners develop
concerning gaining insides? Via interviews, the causes for such developments regarding to the transition of schools as
well as the structure of biology within the classes mentioned is being analyzed.

S6A.1.5 Triangulating America's Science Literacy

Adam V. Maltese, Indiana University, amaltese@indiana.edu

ABSTRACT: The amounts of information and user on the web is consistently growing worldwide. The purpose of this
paper is to describe attempts to use Google search trends, Wikipedia site traffic and other statistics in an attempt to
provide useful information on what Americans “need” to know. While there are numerous areas of science where the
public is shown to be deficient, for the sake of brevity we will focus on three of the major issues commonly discussed:
global warming, evolution and cancer. Our findings indicate similarities in the results from multiple data sources. We
believe that the use of multiple sources provides a more robust picture of the science and health topics Americans need
to know.

S6A.1.6 Interpretive Discussion of Text in Physics

Shulamit Kapon, University of California Berkeley, and Tel Aviv University, shulamit.kapon@berkeley.edu

ABSTRACT: This paper examines the potential of interpretive discussion of text in the instruction of physics. The text
used is a popular scientific article entitled E=MC2 written by Albert Einstein. The data were drawn from an interview
with an 11th grade student who was studying physics in high school at the honors level. The interview was designed as
an interpretative discussion of the text. The preliminary analysis suggests that (a) interpretative discussions of quality
texts in physics can contribute to a better conceptual understanding of physics as well as the nature of science; (b) the
mediation that the teacher (i.e. the discussion leader) provides through the discussion plays a crucial role in the
students’ understanding of the text.

S6A.1.7 Sound Transmission: Fourteen old Students' Conceptions and Learning from a Teaching-Learning Sequence
Eva West, Eva.West@ped.gu.se

Anita Wallin

ABSTRACT: The purpose of this study is to report on students” generalized learning of the transmission of sound. The
transmission of sound might be interpreted and conceptualized in different ways by one and the same student
depending on the media or lack of media. However, the students’ generalized conceptualisation of sound transmission is
not an easy task. In this study a research based teaching-learning sequence was developed and used which included the
use of a particle model, students’ preconceptions and formative assessment as tools for learning. 77 students’, aged 13-
14, conceptions and learning of sound and sound transmission were analyzed from pre-, post- and delayed post-tests.
The method of analysis involved identifying different conceptual categories according to an attempt to interpret the
underlying theoretical framework in students’ answers. This paper found that students’ conceptions of sound changed
from showing no theory or showing a material interpretation of the nature of sound to more often describing the
phenomenon of sound transmission by use of a framework of process or a mix of material and process interpretations.
This result was also visible one year after the teaching intervention. In short, explicit discussions of different ways to
represent sound, including the use of the term sound wave, and use of formative assessment can be beneficial to
students’ learning.

S6A.1.8 Modelling-based Knowledge Building - The Case of a Blind Student

Rosaria Justi, Universidade Federal de Minas Gerais Education, rjusti@ufmg.br

Nilmara B. Mozzer, Universidade Federal de Minas Gerais Education

ABSTRACT: Students’ generation of internal representations - a process named visualization - is highly significant in
chemistry education. From the recognition of such an importance, it also emerges a relevant topic about which very
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little is known: blind students learning of science. In an attempt to contribute to this unexplored research area, in this
paper, we report part of a study that aimed at investigating two research questions: What are the relationships between
external and internal representations for blind students? How do blind students access, understand, and use the
macroscopic, sub-microscopic and symbolical levels of representing scientific knowledge? Data were collected from
video-recording of a blind student performing modelling activities on the dissolution process, and being interviewed
simultaneously. From our results, we also suggest some guidelines for blind students’ teachers.

S6A.1.9 Confirmation for Increased Attention to Four Core Areas of Evolution Understanding: Observations from
Classroom Instruction

Margaret M. Lucero, University of Texas at Austin, mmlucero@mail.utexas.edu

Anthony J. Petrosino, University of Texas at Austin

Nate K. Mcvaugh, University of Texas at Austin

Jeffrey Birchfield, University of Texas at Austin

ABSTRACT: Even though evolution is the underlying framework upon which all biology is based, when it comes to
learning evolutionary concepts, many students encounter obstacles. There are many reasons as to why these obstacles
occur. Among them are: evolution being treated as a discrete topic among many within a biology curriculum,
misunderstanding the nature of science, and personal difficulties with understanding due to evolution’s seemingly
abstract nature. We propose a different way of thinking of and teaching evolution in grades K-12, and it surrounds four
core areas essential to the understanding of evolution: variation, selection, inheritance, and deep time. With these four
areas providing a foundation with which to learn evolution, students may encounter less conceptual difficulty in learning
and have sustainable knowledge of evolutionary concepts. A classroom experience with high school biology students
participating in an evolutionary instructional unit was used to confirm the importance of having knowledge of these four
areas. Without this knowledge, students had difficulty clearly articulating basic understanding of evolutionary concepts
and clung to misconceptions. Recommendations and directions for further study are also discussed.

Strand 2: Science Learning: Contexts, Characteristics and Interactions
S6A.2 Poster Session A
3:15pm —4:15pm, Grand Sierra D

S6A.2.1 Interactions between Classroom Discourse, Teacher Questioning, and

Julie B. Smart, Presbyterian College, josmart@presby.edu

Jeff C. Marshall, Clemson University

ABSTRACT: The present study examines interactions between classroom discourse, specifically teacher questioning, and
related student cognitive engagement in middle school science. Observations (N=75) were conducted throughout the
school year in middle school science classrooms using the Electronic Quality of Inquiry Protocol (EQUIP) to measure
observable aspects of student cognitive engagement and discourse factors during science instruction. Results from these
observations indicate positive correlations between students’ cognitive engagement and the following aspects of
classroom discourse: questioning level, complexity of questions, questioning ecology, communication patterns, and
classroom interactions. A sequential explanatory qualitative analysis provides a detailed look at each of these aspects of
classroom discourse within the science classroom. Implications for classroom practice, teacher education, and
professional development are discussed.

S6A.2.2 Effectiveness of Virtual Laboratories in Terms of Learning Environment, Attitudes, and Achievement among
High School Genetics Students

Rachel R. Oser, Curtin University of Technology, Australia, rachel.oser@gmail.com

Barry J. Fraser, Curtin University of Technology, Australia

ABSTRACT: As our society becomes increasingly technological, research suggests that students, too, benefit from
technology-rich learning environments. In an effort to both allow students laboratory experiences that would not

102

102



NARST 2011 Annual Conference
PRESENTATION ABSTRACTS

Monday, April 4, 2011

otherwise be possible in high school settings, and to augment the integration of technology within science classrooms,
virtual laboratories can be used to simulate real laboratories and encourage students to employ scientific thinking skills.
This study investigated the effectiveness of such virtual laboratories in terms of students’ perceptions of the learning
environment, attitudes towards science, and achievement. Classes of students who utilized virtual laboratories were
compared with classes of students who did not. Data were obtained by administering a questionnaire measuring
students’ perceptions of the learning environment, attitudes, and achievement; this was complemented by data from
interviews with students. No significant differences were found between instructional groups indicating that the use of
virtual laboratories does not negatively impact students. The results of this study inform practical teaching and learning
methods in addition to adding to the body of knowledge in the field of learning environments.

S6A.2.3 The Complex Nature of Physics and Engineering Students' Academic and Social Networks in Higher Education
Jonas Forsman, Uppsala University, jonas.forsman@fysik.uu.se

Rachel F. Moll, Vancouver Island University

Staffan Andersson, Uppsala University

Cedric Linder, Uppsala University

ABSTRACT: The continuing declining intake of university students into science and engineering has increasingly become
a critical educational concern. Student retention studies have identified integration into the universities' social and
academic systems as key factors that can shape students’ retention choices, and learning. In this study complexity and
network theory analysis tools were used to examine the academic and social networks that students form in year one
and year three engineering classes. Three physics and engineering classes at a Swedish university were surveyed, two
year one classes and one year three class. Students were asked to record the names of the students in their class that
they interacted with and to characterize the nature of their interactions as social, academic or both. Each type of
network was mapped and trends across courses and across years were observed. Preliminary results indicate that
similar dynamics were observed in social, academic and both social and academic networks within and across courses
and that students form strong social and academic networks within their program and weak links across programs.
Quantitative measures of networks and individuals within networks will be correlated with measures of student
retention such as attitudes towards their program.

S6A.2.4 Investigating the Influences of 5th Graders' Learning Motivation on Dissolution Conceptual Change
Hung-Chih Yen, Sinping Elementary School, Taichung, Taiwan, R.0.C., hungchih.yen@gmail.com

Hsiao-Lin Tuan, National Changhua University of Education, Changhua, Taiwan, R.O.C.

ABSTRACT: The study used quantitative research methods to explore 5 graders’ learning motivation and conceptions of
dissolution changed during their involvement of e-learning platform designed based on dissolution conceptual change.
32 5th graders (age 11-12) participated in study. All students were asked to finish the prior conceptual test and learning
motivation questionnaire (Tuan, Chin, & Shieh, 2005) before they learned the dissolution concepts. After experiencing
the e-leaning instruction, students have to fill learning motivation and alternative dissolution conceptual test again in
order to understand the change of learning motivation and dissolution concepts of these students. During e-learning, we
also collect subjects’ responses before and after the learning the conceptual change lesson, and their motivation and
emotion data on the e-learning platform. The study found students’ conception on dissolution and learning motivation
had increased significantly (p<.05). After the conceptual conflict phase, the role of learning motivation especially self-
efficacy and active learning strategies play important role in students’ conceptual change

S6A.2.5 Exploring the Structural Relationships between Taiwan University Students' Conceptions of Learning Biology
and Epistemological Beliefs toward Biology

Liang Jyh-Chong, National Taiwan University of Science and Technology, aljc@mail.ntust.edu.tw

Chin-Chung Tsai, National Taiwan University of Science and Technology

Guo-Li Chiou, National Chiao Tung University

ABSTRACT: This study was conducted to explore Taiwan university students’ conceptions of learning biology and their
epistemological beliefs toward biology, and the relationships between these two. The participants in this study included
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657 Taiwan university students with a major in biology-related fields. They were asked to respond to two
guestionnaires, that is, Conceptions of Learning Biology survey (COLB) and Epistemological Belief in Biology scale (EBB).
Structural equation modeling was applied to examine the relationships between the aspects of COLB and EBB. Through
confirmatory factor analysis, this study revealed satisfactory validity and reliability of both questionnaires for assessing
university students’ conceptions of learning biology and epistemological beliefs toward biology. The correlation analysis,
in general, showed that students with lower-level conceptions of learning biology tended to have less advanced
epistemological beliefs in biology. On the other hand, students with higher-level conceptions of learning biology tended
to possess more mature epistemological beliefs in biology. Moreover, the structural equation modeling analysis
confirmed that university students’ conceptions of learning biology guided their epistemological beliefs toward biology,
but not the conclusion that epistemological beliefs guided students’ conceptions of learning. This result contradicts the
assumption proposed by many educators that epistemological beliefs will guide students’ conceptions of learning.

S6A.2.6 An Aptitude-Treatment-Interaction Study: Effect of Interaction Between Inquiry-Teaching and Field-
Dependency on Physics Achievement and Attitude

Hanife C. Sen, Yuzuncu Yil University, Middle East Technical University, hanifecan.sen@gmail.com

Ali Eryilmaz, Middle East Technical University

Sahin Mine Gokce, TED Ankara College, Middle East Technical University

ABSTRACT: This study investigates the effect of inquiry versus lecture instruction and their interactions with cognitive
styles (field-dependent, field-mixed, and field-independent) on achievement and attitude toward electric circuits.
Instructional materials were developed for inquiry. Teachers’ classroom practices were accepted as lecture. Physics
achievement test (PACT), physics attitude scale (PATS), observation checklists, and GEFT were data collection
instruments. Treatment was implemented to 298 11th grade students. MANCOVA was used to analyze data. The
dependent variables were achievement (PSTACH) and attitude (PSTATT) scores. Gender was covariate. Group
membership was named as “MOI; methods of instruction” (2 level categorical) and used as fixed factor with other group
membership variables, achievement pre-test scores (PREACH), attitude pre-test scores (PREATT), School, previous
physics course grades (PPCG), cognitive style (CoS), and the interaction terms of MOI*PREACH, MOI*PPCG,
PREATT*MOI*PPCG*CoS, MOI*PPCG*CoS, PREACH*School, and PREACH*PREATT. In general, inquiry was effective than
lecture with respect to PSTACH. However, there was not a significant difference in effectiveness of both methods in
improving students’ attitudes. In essence, each method of instruction was not effective on improving attitudes. Although
this study could not find any statistically significant interaction effect of MOI and other independent variables on
students’ scores, practical significance was investigated for interaction terms.

S6A.2.7 Influences of a STEM Mentoring Program on Underachieving Middle School Students

Robbie L. Higdon, Clemson University Clemson, SC, rhigdon@clemson.edu

ABSTRACT: Mentoring programs are one intervention employed by schools to address students who are underachieving
and, possibly, at-risk for school failure. This study explores how participation in a mentoring program impacted student
classroom behaviors and contributed to academic achievement. Within this case study, various forms of data were
collected on four students who were participants in a STEM mentoring program. Thematic analysis of the evidence
suggested building self-esteem and holding students accountable as key benefits from participating in a mentoring
program. In addition, evidence pointed to students’ lack of understanding about the meaning of grades and a
demonstrated disconnect between effort and achievement as impediments to academic success. Overall, the
participants realized success in various content areas and were motivated to maintain their academic achievements.

S6A.2.8 Investigating the Creation of a Community of Physics Learners
Renee Michelle Goertzen, Florida International University, rgoertze @fiu.edu
Eric Brewe, Florida International University

Laird H. Kramer, Florida International University
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ABSTRACT: Our research group has been implementing reforms in introductory physics instruction at our institution.
One aim of this reform has been to create a community of physics learners among the students attending this
institution, which is a large, urban, Hispanic Serving Institution. We report on a study of the factors that contribute to
students’ sense of community within this community of learners. In previous work, we have reported gains in
conceptual learning and attitudes about learning science in those students enrolled in the introductory courses taught
with Modeling Instruction, which operates in a collaborative learning environment. The establishment of a community
of learners has been supported by the availability of Modeling Instruction and the Physics Learning Center (PLC), a set of
rooms available for student-initiated groupwork. Using video recordings of the Modeling Instruction classes and selected
students’ work in the PLC, along with interviews with selected students, we explore how a community develops through
the daily interactions of students and faculty, and how the larger community of learners creates a sense of community
for a single individual in that community.

S6A.2.9 Investigating Minority Student Participation in an Authentic Science Research Experience

Stephanie D. Preston, sdp163@psu.edu

ABSTRACT: Despite the number of low-income, racial/ethnic minorities, and females of all ethnic and racial backgrounds
who are initially interested in science very few of them thrive in the discipline. Some scholars suggest that the declining
interest for students underrepresented in science is traceable to K-12th grade learning experiences and access to
participating in authentic science. Consequently, the diminishing interest and lack of access of minorities and women in
science contributes negatively to the representation of these groups in the STEM disciplines The purpose of this study
was to investigate the potential benefits participation in a science research experience has for underrepresented
student groups using a science research component of a TRIO program. The design of this study examines the nature of
students’ engagement in the research experience by investigating the impact of the it has on their identity as science
learners, participation in the scientific community, and their understandings of the nature of scientific practices within
the context of their experiences. Findings revealed that students who participated in the research experience shared
increased enthusiasm in learning science, and were able to successfully engage in some cultural practices of science,
such as using inscriptions, constructing explanations, and collecting data.

S6A.2.10 Teacher Interactions with Technology: The Comparison of Two Teachers' Discursive Practices Web-based
Science Environment

Alicia M. Trotman, Michigan State University, trotmana@msu.edu

Michelle Williams, Michigan State University

Matthew Koehler, Michigan State University

ABSTRACT: This study reports on the discursive practices (verbal and non-verbal actions) of two 5th grade elementary
teachers during the implementation of a Web-based Inquiry Science Environment (WISE) curriculum unit. The
curriculum unit was based on inherited and acquired traits of organisms, including plants and animals. Using Interaction
Analysis, this study was conducted to understand how teacher orientations function as filters to interpret their
discursive practices, shaped by activity structures embedded within a science technology learning environment. It
addresses the following questions: (1) What are the non-verbal and verbal teacher-student interactions within a Web
Inquiry Science Environment? (2) Given teachers’ orientations and similar student outcomes, how do the teachers’
functions of communication (e.g. non-verbal actions, questions) compare to each other? The findings show that less
experienced science teachers can create learning communities that promote successful outcomes for their students.

S6A.2.11 Children in Science Fairs: Interviews with Parents on the Family Experience

G. Michael Bowen, Mount Saint Vincent University, gmbowen@yahoo.com

John L. Bencze, OISE/University of Toronto

Dianne Fraser, MOunt Saint Vincent University

ABSTRACT: Considering the number of students who participate in them each year, science fairs are an under-
researched area of science education. As part of a broader research agenda examining and conceptualizing science fairs,
in this study we conducted survey questionnaires and then interviews with parents who had had children participate in
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science fairs. In these, we had parents discuss their role in working with their children, what understandings of science
were held and were developed through these activities, and how the parent perceived the overall science fair
experience that their child (or children) had. Insights from these interviews that may be useful for schools and science
fair organizers/judges are discussed at the end.

Strand 3: Science Teaching--Primary School (Grades preK-6): Characteristics and Strategies
S6A.3 Poster Session A
3:15pm —4:15pm, Grand Sierra D

S6A.3.1 Research and Documentation of 4 year-old Understanding of Science

Judith A. Burton, Public School Teacher, jahburton@yahoo.com

ABSTRACT: Twenty-five teachers, from a variety of public and private school settings, are conducting research over a
three year period to explore and document what 4 year-olds know and are able to do in Science before they reach
Kindergarten. The presenter is a prekindergarten teacher in an urban elementary school and is one of the teacher
researchers collaborating with the grant. This Interactive poster session will explain the methodologies and resources
used in this study, the training the teachers received, as well as, how the children were assessed and how their
understanding of Physical Science and Life Science was documented using a Flip Camera, Digital Camera, drawings and
documentation panels. Some of the interesting results of our inquiries with young children will also be revealed.

S6A.3.2 Student Ideas about the Science of Sound Before and After Engineering-Design-Based Instruction

Kristen B. Wendell, Tufts University, kristen.bethke @tufts.edu

Hee-Sun Lee, Tufts University

ABSTRACT: The purpose of this study was to investigate elementary students’ learning of sound in classrooms enacting a
four-week engineering-design-based curriculum unit. The curriculum situated learning about the science of sound within
the activity of musical instrument engineering. After a series of guided investigations that involved building and
analyzing miniature musical instruments, each student dyad designed, constructed, and demonstrated a musical
instrument of their own invention. This study took place in three urban third- and fourth-grade classrooms, with 31
participants total. Before and after curriculum enactment, each participant completed three separate interview
scenarios: analyzing a xylophone, creating sounds with strings and hooks, and playing rubber-band instruments. All
three scenarios were intended to elicit ideas about sound production, sound transmission, and pitch. After instruction
with the engineering-design-based unit, the students’ ideas about sound became more sophisticated and mechanistic.
They shifted from describing causes and effects only in terms of what they could easily see and hear to proposing more
complex mechanisms that they could not directly observe. This suggests that even in elementary school, when
engineering design is used as the context for scientific investigation, students engage in deep reasoning about physical
causes and effects.

Strand 4: Science Teaching--Middle and High School (Grades 5-12): Characteristics and Strategies
S6A.4 Poster Session A
3:15pm — 4:15pm, Grand Sierra D

S6A.4.1 Teachers' Understandings About Organs and Organ Systems in Frogs and Pigs

Patricia Patrick, Assistant Professor @ Texas Tech University, trish.patrick@ttu.edu

ABSTRACT: The purpose of this study was to determine if United States of America (USA) science teachers’ subject
matter knowledge of the frog and pig’s internal anatomy: 1) was analogous with their number of years teaching, 2)
inspired their reason for attending a workshop, 3) correlated with the subjects they taught, and 4) paralleled with their
use of dissection. The study population consisted of 71 science teachers, 47 females and 24 males. During a dissection
workshop, the teachers were given a blank piece of standard paper and were asked to draw what they thought was
inside a frog or pig (15 minutes). Each drawing was scored using a rubric. The preliminary results show that there is a
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correlation between subject matter knowledge of frog/pig internal anatomy, the number of years a teacher has taught,
and whether or not they employ dissection. Additionally, the teachers demonstrated a similar pattern to that shown by
students in previous studies. The teachers were able to draw individual organs, but they were not able to draw the
organs in completed organ systems.

S6A.4.2 Argument-Based Inquiry Approach to Teaching 7th Grade Science in Korea

Aeran Choi, Kent State University, aeran-choi@hotmail.com

Jeonghee Nam, Pusan National University

Eulsun Seung, Indiana State University

ABSTRACT: The purpose of this study was to examine ways how students negotiate questions, claims, and evidence by
analyzing their writing samples developed as results of their discussions and negotiations. Participant 7th grade students
were from science classes of the three science teachers from three middle schools located in the second largest city in
Korea. Writing samples were collected from two-hundred students from six classes of the three teachers. The writing
template that the students used included 1) questions: ‘my questions,” ‘our group questions,” and ‘our class questions,’
2) procedure and data collection, 3) my claims and my evidence, 4) our group claims and our group evidence, 4) what |
learned from reading resources, and 5) reflection. Each student used the writing template for each of the two activities,
i.e., ‘economic development and yellow dust winds (socio-scientific),” and ‘igneous rock’ or ‘desert terrain (science).” The
total number of writing samples was four-hundreds. Results of this study indicated that the students revised their
questions, claims, and evidence in their writing activity as they were engaged in group and class discussions. Questions,
claims, and evidence in group/class levels were more testable, integrated, and based on data than ones in an individual
level.

S6A.4.3 Nature of Science (NOS) and On-line Biological Simulations

Katrina Roseler, Florida State University, kr09e@fsu.edu

ABSTRACT:

S6A.4.4 Interactions Between Teachers' Existing PCK and Novel Content Knowledge

Emily D. Wischow, Purdue University, emily.wischow@gmail.com

Lynn A. Bryan, Purdue University

George M. Bodner, Purdue University

ABSTRACT: “Learning technologies can be powerful cognitive tools that help teachers’ foster inquiry and student
learning” (Novak & Krajick, 2004, p. 76). What sort of presence do the Nature of Science (NOS) standards outlined by the
American Association for the Advancement of Science (AAAS) (1990) have within these learning technologies,
specifically, on-line simulatio