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DISSERTATION ABSTRACT

A central ambition of science education reform is to help students develop abilities for scientific inquiry. Much of the challenge in achieving this ambition has been in defining what constitutes “inquiry” and how to assess it in students. My dissertation work addresses this challenge by making explicit one aspect of scientific inquiry that historians and philosophers of science as well as science educators agree is important to science learning - understanding and reasoning about the causal mechanisms that underlie natural phenomena. Using studies of professional science as a starting point, I developed a discourse analysis framework that allows us to systematically identify and analyze students’ mechanistic reasoning. The rich case studies based in applying this framework to the discourse and written work of science students from first grade through graduate physics point to continuities between graduate level learning and elementary school science: part of what students are able to do in elementary school finds its way to graduate school.  This work makes it possible for researchers and educators to pursue mechanistic reasoning as an objective for inquiry, and indicates aspects of students’ early reasoning that need to be encouraged and refined for later use.

RESEARCH INTERESTS

Student thinking and learning, scientific reasoning, explanation, cognition, epistemology, discourse analysis, teacher thinking, clinical interviews, K – 16+ science, physics, qualitative case study, theory development, philosophy of science
TEACHING INTERESTS

Math and science learning, cognitive models, epistemology, explanation, pre-service and in-service teacher preparation, discourse and conversation analysis, science studies, nature of science and learning
PUBLICATIONS 

· Luna, M.J., Russ, R.S., Colestock, A.A. (in press). Teacher noticing in-the-moment of instruction: the case of one high-school science teacher. Proceedings of the 2009 National Association for Research in Science Teaching.
· Russ, R.S., Coffey, J.E., Hammer, D., Hutchison, P. (2008). Making classroom assessment more accountable to scientific reasoning: A case for attending to mechanistic thinking. Science Education.
· Sherin, M.G., Russ, R.S., Sherin, B.L., Colestock, A. (2008). Professional vision in action: An exploratory study. Issues in Teacher Education, 17(2), 27-46.

· Lee, V.R., Russ, R.S., Sherin, B. (2008). A functional taxonomy of discourse moves for conversation management during cognitive clinical interviews about scientific phenomena. In V. Sloutsky, B. Love, & K. McRae (Eds.), Proceedings of the 30th Annual Meeting of the Cognitive Science Society (pp. 1723-1728). Austin, TX.

· Russ, R.S., Sherin, B.L. (2008). Reframing research on intuitive science knowledge. In Cre8ting a learning world: Proceedings of the Eighth International Conference of the Learning Sciences (ICLS).
· Russ, R.S., Scherr, R.E., Hammer, D., & Mikeska, J. (2008).  Recognizing mechanistic reasoning in student scientific inquiry: A framework for discourse analysis developed from philosophy of science. Science Education, 92, 499 - 525.
· Hammer, D., Russ, R., Mikeska, J., & Scherr, R. (2008). Identifying inquiry and conceptualizing students’ abilities.  In R.A. Duschl & R.E. Grandy (Eds.), Teaching Scientific Inquiry: Recommendations for Research and Application (pp. 138 – 156). Rotterdam, NL: Sense Publishers.
· Scherr, R.E., Russ, R.S., Bing, T., & Hodges, R.A. (2006).  The initiation of student-TA interactions in tutorials.  Physical Review – Special Topics: Physics Education Research, 2: 020108-020116.
· Russ, R.S., Hutchison, P. (2006). It’s okay to be wrong: Recognizing mechanistic reasoning during student inquiry. In S.A. Barab, K.E. Hay, & D.T. Hickey (Eds.), Making a Difference: Proceedings of the Seventh International Conference of the Learning Sciences (ICLS) (pp. 641- 647). Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
· Russ, R. (2003).  Trick of the Trade: Super Martian Hat. The Physics Teacher, 41(6): 368.

· Stallings, R. (August 1999). Astronomy in the Classroom Resource Links, http://www.science-house.org/learn/astro/introduction.html 

· Contributions to “PhysicsQuest: The Search for Einstein’s Missing Treasure,” American Physical Society (2005)

PRESENTATIONS

American Educational Research Association Annual Conference, April 2009 (accepted) San Diego, CA

Contributed Poster: “Understanding the Role of the Interviewer in Cognitive Clinical Interviews,” R.S. Russ, V.R. Lee, and B.L. Sherin.
Contributed Paper in Symposium: “How Discourse Moves, Epistemological Frames, and Intuitive Science Knowledge Interact in Cognitive Clinical Interviews,” R.S. Russ, V.R. Lee, and B.L. Sherin in “Epistemological Frames in Students’ Scientific Activity and Reasoning across Formal, Informal, and Research Contexts,” D. Hammer session chair.

Contributed Paper in Symposium: “Professional Vision in Action: An Exploratory Study,” M.G. Sherin, R.S. Russ, B.L. Sherin, and A. Colestock in “Teacher Autonomy in Using Digital video for Professional Learning of Practicing Teachers,” B. Yusko session chair.

National Association for Research in Science Teaching Conference, April 2006.        Garden Grove, CA

Contributed talk: “Holy cow… this is great!”: What One Science Teacher Notices during Classroom Instruciton,” M. Luna and R.S. Russ.
International Conference of the Learning Sciences, June 2008.

        Utrecht, Netherlands

Contributed Talk: “Reframing Research on Intuitive Knowledge,” R.S. Russ and B.L. Sherin.
American Association of Physics Teachers Winter Meeting, January 2008.

     Baltimore, MD

Invited talk: “Beyond Correctness: Recognizing Mechanistic Reasoning in Student Scientific Inquiry,” R.S. Russ.
Contributed talk: “Using new video technologies to study teacher noticing,” R.S. Russ, M. Sherin, B. Sherin, A. Colestock, M. Luna.

American Association of Physics Teachers Summer Meeting, July 2006.

     Syracuse, NY

Contributed talk: “Relationship of Mechanistic Reasoning and Empirical Results during Student Inquiry,” R.S. Russ, D. Hammer, and R.E. Scherr.

Contributed poster: “Relationship of Mechanistic Reasoning and Empirical Results during Student Inquiry,” R.S. Russ, D. Hammer, and R.E. Scherr.
International Conference of the Learning Sciences, June 2006.

             
  Bloomington, IN

Contributed talk: “It’s Okay to be Wrong: Recognizing Mechanistic Reasoning during Student Inquiry,” R.S. Russ and P. Hutchison.
National Association for Research in Science Teaching Conference, April 2006.        San Francisco, CA

Contributed talk: “Identifying Mechanistic Reasoning in Student Inquiry,” R. S. Russ, D. Hammer, R.E. Scherr.
Foundations and Frontiers in Physics Education Research Conference, August 2005.
  Bar Harbor, ME

Contributed poster: “Using a Mechanistic Framework to Identify Valuable Aspects of Incorrect Student Comments in Science Discussions,” R. Russ, R. E. Scherr, and D. Hammer.

American Educational Research Association Annual Conference, April 2005.
Montreal, Canada

Contributed poster: “Recognizing and Distinguishing Scientific Aspects of First Graders’ Reasoning about Motion,” R. Russ, J. Mikeska, R. E. Scherr, and D. Hammer.

North Carolina Science Teachers’ Association Annual Meeting, November 2001.
       Charlotte, NC

Contributed presentation: “Physics from the Junk Drawer,” E. Snoke and R. Stallings.
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Northwestern University, Learning Sciences Department


       
         Evanston, IL

Research Assistant Professor & Postdoctoral Fellow, Center for Curriculum Materials in Science (CCMS), January 2007 – Present

Analyze video and transcript data from clinical interviews to identify dynamic elements of student cognition used in reasoning about science topics before and after reformed and traditional curricula. Model interviewer discourse moves and their impact on coherencies and incoherencies in student explanations during clinical interviews. Develop a research plan and design interview protocols to implement a new video technology in science and math classrooms for study teacher professional vision; analyze collected data from pilot testing. Use content area expertise to consult on various curriculum and professional development projects. Organize the weekly research group meetings for those interested in science education. Informally advise graduate students on dissertation research analysis, writing, and presentations.

University of Maryland, Department of Physics




College Park, MD

Research Assistant, “Toward a new conceptualization of what constitutes progress in learning physics, K-16: Resources, frames, and networks” (NSF REC 0440113), May 2005 – December 2006

Identify the knowledge and abilities that children may learn in early science that can provide the foundation for success in college physics. Develop and refine a framework to reliably identify and track students’ mechanistic reasoning. Analyze video, transcript, and written data to construct in-depth case studies based on this coding scheme that may lead to quantitative hypothesis testing relating mechanistic reasoning to other areas of interest including analogy generation and socio-linguistic framing. Track the relative role of instructors and peers in college small group interactions. 

American Physical Society







College Park, MD

Curriculum Materials Developer, World Year of Physics, August 2004

Develop student and teacher guides for Physics Quest: The Search for Einstein’s Missing Treasure, an investigation-based curriculum supplement and contest to involve middle school classrooms in the World Year of Physics. Revise existing student activities and design objectives, content overviews, experimental guidelines, and interdisciplinary supplemental investigations for the teachers’ guide. 

University of Maryland, Department of Education: Curriculum and Instruction
College Park, MD
Research Assistant, “Case Studies of Elementary Student Inquiry in Physical Science” (NSF ESI 9986846), August 2003 – May 2004

Develop a volume of case studies as material to promote teachers’ substantive investigation of student thinking in physics.  Edit classroom video and transcript data and analyze it for evidence of student reasoning, specifically paying attention to productive student resources.  Assess and characterize the quality of student discussions based on non-content objectives (e.g. epistemological).  Look for transitions in student reasoning into and out of mechanistic modes.   

North Carolina State University, The Science House




          Raleigh, NC

Curriculum Materials Developer, Summers 1999 – 2002, June 2004
Design assessments and gather materials for teacher professional development workshops as part of the North Carolina Partnership for Improving Mathematics and Science.  Research existing curricular materials in Astronomy and expand them to develop three outreach programs for use in local elementary schools.  Develop materials to motivate and direct self-monitored laboratory experiments for students in a graduate distance education course at NCSU, PY610: Special Topics in Physics - Advanced Placement Physics for Secondary Teachers.  Assist in the planning and implementation of student and teacher workshops including leading sessions in webpage development and aiding in design and procedural aspects of student research projects.  Create a website evaluating several online Astronomy resources and their value for K-12 classrooms based on objectives outlined in the National Science Education Standards.

North Carolina State University, Department of Physics



          Raleigh, NC

Research Assistant, Astrophysics Research Group, May 1997 – August 1997, May 1998 – May 1999

Introduce and alter parameters in two FORTRAN modeling codes to assess 1) the role of neutrino-driven convection in supernovae blastwaves, and 2) the stability of isothermal stellar wind bowshocks.  Statistically analyzed Electromagnetic Field interference data from nuclear detectors.  

TEACHING EXPERIENCE

Northwestern University, Learning Sciences Department



         Evanston, IL

Instructor, “Topics in Learning Sciences: Learning Sciences Journal Club,” August 2007 – Present

Conduct a weekly seminar for mid- to upper-level graduate students designed to support their learning how to read and analyze journal articles. Select relevant articles from current research literature. Lead discussion of those articles with special attention to theoretical frameworks, study designs, methodology, as well as the article’s contribution to the current research literature. Model appropriate professional criticism and academic questioning.

Co-Instructor, “Topics in Learning Sciences: Methods of Theory Development,” January 2007 – March 2007
Help plan and lead a weekly course for graduate students on the purpose and process of theory development in educational research. Select articles that exemplify productive theoretical frameworks and also articles that discuss the value of having such frameworks. Design and conduct class discussions and activities to support thinking about theory development.

University of Maryland, Department of Physics




College Park, MD
Instructor, “Inquiry Into Physics” (PHYS115), January 2005 – May 2005

Teach a non-textbook-based conceptual physics course for Elementary and Early Childhood Education-intending majors.  Provide initial inquiry focus and synthesize student questions from in-class reflections to develop questions for further study.  Monitor student progress in small-groups during self-designed and -directed investigations and mediate large group student-led discussion of results and conclusions. Develop homework and exam questions and evaluate student participation and performance.

Workshop Instructor, Summer Girls Program, July 2004

Plan and implement class discussions and student investigations in a two-week program designed to encourage middle school girls to enter the sciences.

Teaching Assistant, “Fundamentals of Physics I and II” (PHYS121 and 122), August 2002 – August 2003 

Instruct in tutorial sections, laboratories, and tutorial (study) centers for bio-science students in an two-semester introductory physics sequence modified by the Physics Education Research Group (“Learning How to Learn Science: Physics for Bioscience Majors” - NSF REC 0087519). Evaluate student work on laboratory performance and participation, journals, class homework, and exams. 

University of Maryland, Materials Research Science and Engineering Center
College Park, MD
Classroom Teacher and Facilitator, GK-12 Fellowship Program, August 2004 – December 2004


Teach a course in Modern Physics for high school-aged home-schooled students.  Facilitate in 7th and 8th grade public school science classrooms by leading class discussions, implementing and monitoring labs, grading written work, monitoring science fair progress, and presenting demonstrations and activities. Develop a demonstration- and activity-based workshop about the material science of athletic shoes.  

North Carolina State University, Departments of Physics and Mathematics

          Raleigh, NC

Teaching Assistant, “Finite Mathematics,” “SCALE-UP: Introductory Electricity and Magnetism,” and “Modern Physics for Physics Majors,” August 1999 - December 2001

Assist professor in a large-enrollment math course by guest lecturing, facilitating problem solving, and administering and grading in-class exams.  Guide students in a SCALE-UP (Student Centered Activities for Large Enrollment University Physics) course while they conduct real and simulated investigations and discuss the results. Perform and explain demonstrations, answer questions, and evaluate student performance based on homework and self-designed conceptual quizzes in a traditional recitation section.

Tutor, Physics Tutorial Center, August 1999 - May 2000

Coach university students to develop content knowledge and epistemological skills in both one-on-one and group settings. 
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          Raleigh, NC
· Valedictorian, Class of 2002

· Phi Beta Kappa, Phi Kappa Phi, Sigma Pi Sigma, and Pi Mu Epsilon National Honor Societies

· Senior Scholarly Achievement Awards for the College of Physical and Mathematical Sciences, Department of Statistics, and Department of Physics

· Howard Petrea Award for Outstanding Senior in Mathematics, August 2001 

· 13th International Conference on College Teaching and Learning - Innovative Excellence in Teaching, Learning, and Technology Award Nomination 

PROFESSIONAL SERVICE AND DEVELOPMENT

· Moderator in the University of Maryland, Department of Physics Graduate seminar in teaching physics, August 2005 - October 2005

· Member of the University of Maryland, Department of Physics Internal Review Committee, February 2004 – August 2004
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