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Abstract. The National Research Council has suggested that students should develop four proficiencies in science: know, use, and interpret scientific explanations of the natural world; generate and evaluate scientific evidence and explanations; understand the nature and development of scientific knowledge, and participate productively in scientific practices and discourse.  We emphasize these aspects of scientific thinking in our inquiry-based physics course for prospective elementary and middle school teachers. Because the elementary school curriculum focuses heavily on literacy, we also explicitly integrate physics and literacy learning in this course.  By integrating physics and literacy learning we mean learning to speak clearly, listen closely, write coherently, read with comprehension, and make and critique media resources competently in physics contexts. In this paper we discuss students’ perceptions of ways they have developed their abilities to think scientifically in this context. This material is based upon work supported by the National Science Foundation under Grant DUE-0633752.
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Introduction

The need for developing special physics courses for teachers has been well documented.1   Such courses can be difficult for both instructors and students to undertake, particularly if the courses differ in structure and goals from traditional college science instruction.2  This study provides a progress report on aspects of our efforts to establish a physics course for prospective elementary and middle school teachers at a research university.

With support from the National Science Foundation (NSF), we have been developing an inquiry-based physics course that integrates physics and literacy learning.3 By integrating physics and literacy learning, we mean learning to speak clearly, listen closely, write coherently, read with comprehension, and make and critique media resources competently in physics contexts.  This project contributes to more than two decades of research on the role of literacy in science education.4

A major focus of our efforts has been designing activities and assignments that engage the prospective teachers in scientific thinking. A framework recently articulated by the National Research Council (NRC) in Taking Science to School: Learning and Teaching Science in Grades K-8 suggests that students who are proficient in science: a) know, use, and interpret scientific explanations of the natural world, b) generate and evaluate scientific evidence and explanations, c) understand the nature and development of scientific knowledge, and d) participate productively in scientific practices and discourse.5 In this study, we examined ways in which the prospective teachers perceived they had been developing these aspects of scientific thinking.
Research Design 

Our research question was: In what ways did students in the physics course for prospective teachers perceive that they had been developing the four proficiencies in science articulated in the NRC report? 

The setting was a physics course that emphasized questioning, predicting, exploring, observing, discussing, and writing in physical science contexts. The course met for 2.5 hours, twice a week, for ten weeks. The students worked at tables in small groups of three or four.  We drew on inquiry-based curricula developed with NSF support6 and were developing activities and materials to be used to supplement such curricula.3 During the course, we explored light, thermal phenomena, force, and motion, and brought these together in an on-going study of the moon.

Participants were primarily female early childhood development and education majors. Because the course was new and experimental, we restricted entry to sixteen.  The first author was the lead instructor.  The second author initiated this physics program for teachers and collaborated with the instructor, along with the third author, a literacy professor, in design of the activities and assignments.  The fourth author, a former elementary school teacher now a graduate assistant, designed and explicitly taught literacy strategies for a half hour segment weekly.  The fifth author, a former museum educator now a graduate assistant, designed and taught a half hour segment weekly that initiated assignments involving friends and family members.   Both conducted studies in this context as part of their Master’s programs.7,8
Data sources included video records of every session, postings on an electronic bulletin board, copies of student notebooks, homework assignments, staff and student constructed websites, student interviews, and written reflections.
This was a qualitative study that used interpretative methods characteristic of the scholarship of teaching and learning.9   We have been conducting research on our own teaching practices by systematically collecting the data noted above, constructing websites3 that document each session, and writing interpretative accounts to share with instructors interested in ways in which we are trying to foster student learning. For this study, we analyzed students’ written responses to a homework assignment in week nine.  It asked students to reflect upon ways in which the course had helped them develop the four science proficiencies listed above. Example responses were drawn primarily from the Spring 2009 course as well as from other assignments and websites students constructed during the Fall 2008, Fall 2009, and Spring 2010 courses.

INTERPRETATIONS

We discuss below students’ perceptions of developing ways to know, use, and interpret scientific explanations of the natural world; generate and evaluate scientific evidence and explanations; understand the nature and development of scientific knowledge, and participate productively in scientific practices and discourse. 
Knowing, Using, and Interpreting Scientific Explanations 
of the Natural World

During the Spring 2009 course, the four small groups had discussed the NRC report in class. They agreed that they had been developing the first proficiency during their extended exploration of the phases of the moon. During the first week of class, the students had responded to a series of diagnostic questions about why it gets dark at night, why it is cold in the winter and hot in the summer, why the moon seems to have different shapes at different times, how they would define a scientific explanation, and how they would describe inquiry approaches to learning and teaching. After watching the moon through two cycles and developing an explanatory model for the moon’s changing phases, they had responded to the same questions during the eighth week of the course. In writing the term paper reporting on their exploration of the phases of the moon, they could use their initial and current responses to these diagnostic questions as evidence for changes in their understandings.  They also drew on these responses for the homework assignment about their development of the four science proficiencies.  Table 1 presents a characteristic response, articulated by a student from the Spring 2009 class. 

	Table 1. Student Perception of Changes in Knowing, Using, and Interpreting Scientific Explanations

	Changes in:
	Student Comment

	Understandings about the causes of the phases of the moon
	I have learned why the moon goes through its phases and that it is not the earth casting a shadow on the moon.

	Understandings about when the moon is visible
	I have changed my thoughts on when the moon is visible to us. I know now that the moon is visible just as often during the day as it is at night.

	Knowledge of eclipses
	I now understand and have confirmed what causes lunar and solar eclipses

	Ability to visualize relevant geometrical relationships 
	I know that the angle between the moon and the sun (as seen by pointing one arm at the moon and one arm at the sun) directly affects how we see the moon.

	Attitude toward science
	More importantly, I have learned that science can be fun and interesting

	Attitude toward learning
	(I learned) that many times learning is more effective when you are forced to learn for yourself and you are not just given answers.


	Table 1. (continued)

	Behavior
	The past week the sky has been very clear and I have found myself searching for the moon every day. I am excited when I see it and I point it out to the people I am with.  

	Appreciation of natural phenomena
	It is amazing how different seeing the moon is now that I know why and how I am seeing what I am seeing.

	Explicit goal as a teacher of science
	I hope someday to be able to instill this same awe and wonder upon many of my students using the same approaches I have learned in this class.


In conducting interviews about the moon with two roommates, this student reported that one “argued with me a lot and was very insistent that she was not wrong.  She was confused, so I got out my flashlight and my ‘moon’ ball and had her do the same experiment we did with it, trying to see when the ‘moon’ was ‘full’, ‘new’, and ‘half’.” This student’s new understandings were robust enough to convince the roommate that the earth’s shadow does not cause the phases of the moon.
Generating and Evaluating Scientific Evidence and Explanations
One small group presented as an example for the second proficiency that “The pinhole camera provided us with empirical evidence to construct and defend our argument that light leaves a source in all directions and in straight lines.”  In exploring pinhole cameras, the small groups had used large whiteboards to present powerful ideas about light that had emerged in their discussions. They supported these ideas with evidence drawn from their explorations.  A website constructed by one of the small groups in the Fall 2008 course illustrates their explorations with light and shadows: http://contentbuilder.merlot.org/toolkit/html/snapshot.php?id=48464235615418. These students provided the following explanation of the upside down image:

To understand the pinhole phenomena, it is important to understand a little bit about light. Light travels in straight lines in all directions from a source. In order for humans to see, light has to travel to our eye. The pinhole camera works from these principles. Some of the light from an object travels in straight lines through the pinhole in one end of the camera (paper towel roll). The image appears on the wax paper, but it's not oriented the same way as we might think. The image appears upside-down because the rays traveling from the top of the object pass through the hole and are projected on the bottom portion of the wax paper. The light rays traveling from the bottom of the object do just the opposite, and are projected onto the top of the wax paper (shown in diagram above). Then, the light from the image travels to our eyes. 
  (Physics 111 small group website, Fall 2008)

To construct the websites the students used free software developed by the Carnegie Foundation for the Advancement of Teaching, now available at http://www.merlot.org.

Understanding the Nature and Development of Scientific Knowledge
Many of the students responded that they had developed the third proficiency through the reading assignments and use of science notebook pages in class as well as through writing the paper about their own learning in exploring the phases of the moon.

We explicitly taught before-, -during, and –after reading strategies that the students were required to use in weekly reading assignments that provided many opportunities for the students to reflect upon their learning processes.7 One of the readings, for example, was written by a first grade teacher discussing how she used motion detectors to teach her students how to write sequential directions.10  A student wrote:

 I also found it interesting that she allowed the students to just play with the motion detectors at first instead of launching right into a lesson and explanation about the graphs.  Even today, when I am given a new device to experiment with I want to just play with it first.  This functional play gives me time to understand how it works…

(Physics 111 student, assignment, Spring 2010)
This student noticed and valued the role of playful experiences in developing scientific knowledge.

Design of the science notebook page evolved into a structure similar to the before-, during-, and after-reading strategies, with a ‘before’ column on the left for students to write their initial ideas and predictions, a ‘during’ column on the right for describing what they did and found, with space for new vocabulary, and on the back, room for ‘after’ reflections on powerful ideas that had emerged, evidence supporting these ideas, thoughts about the experience, and new questions.7 In reflecting upon her learning, a student in the Spring 2010 class wrote, “By having a type of structured way of writing down ideas, thoughts and observations created an environment where we had a purpose in doing explorations. This created a way for students to really evaluate what was taking place in the exploration.”  A student in the Spring 2009 class provided an example of the tentative nature of scientific knowledge in discussing her group’s experiments with falling objects. She wrote, “We found that our first notions are not always complete or accurate. Our scientific theories can always be modified with newly found evidence.”

Participating Productively 
in Scientific Practices and Discourse
In discussing the fourth proficiency, the students seemed to value their thoughtful interactions as well as the explorations. One wrote, for example, “we developed our understanding of the moon over time, refining our ideas, creating new experiments to gather more data and evidence…We weren’t afraid to share what we didn’t understand, to ask questions of each other, to help each other.” After learning about argumentation strategies in class with a related reading assignment, a student commented upon arguing as a collaborative process:
An important part of thinking scientifically is being able to support what you say with data. It is also important to build on your ideas by collaborating with others. Being able to argue with important points rather then “uh-ha” and “na-uh” helps students to communicate with each other and get their points across.  This is why learning how to argue at an early age is so important.

 (Physics 111 student, assignment, Spring 2010)

Every homework assignment included making connections outside of class by interviewing friends or family members about relevant topics, exploring physical phenomena with them in ways similar to our investigations in class, or inviting them to join in critiquing related websites.8 A student engaged a roommate, for example, in exploring how a dot on the inside of a cup appears to move when water is poured into the cup until it passes the dot.  This student noted:

She (the roommate) thought this was really cool and wanted to try it again so she could watch the dot move up, even though she knew that it did not actually move, but rather the light ray that was coming off the dot had been refracted by the water giving the illusion that the dot had moved positions. I learned how to introduce a new topic to someone and make sure they got the chance to ask lots of questions and do the experiment again. 
        (Physics 111 student, assignment, Spring 2010)

This student was facilitating scientific discourse with her roommate while they were exploring phenomena.

IMPLICATIONS

This has been a progress report that describes ways in which students in our physics course for prospective elementary and middle school teachers developed the ability to think scientifically in the context of integrating physics and literacy learning.  We have presented evidence of such thinking primarily from student responses to activities and assignments that explicitly requested reflection upon their own and others’ learning processes.  Although designed and implemented in a physics course for teachers, versions of these activities and assignments may be appropriate for fostering scientific thinking in the standard physics courses required for many majors.
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