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Abstract

After 20 years as a Ph.D. in the telecommunications industry, I enrolled in an alternative teacher certification program for high school physics teachers at the State University of New York – Buffalo State College (SUNY-BSC). As a result of participating in the program, my conceptions of good teaching and learning changed radically. At the time I enrolled, my philosophy of teaching and learning was fairly traditional, informed mainly by my experiences as a student. At that time, I viewed the teacher as information deliverer. It was the teacher’s job to present clear lectures, choose demonstrations to illustrate concepts covered in lectures and provide complete and unambiguous instructions for labs. Now, I believe that the role of the teacher is to help students develop different kinds of knowledge about a topic (e.g. kinesthetic, visual, mathematical, verbal), to encourage students to verbalize their thinking and to employ open-ended and unstructured laboratory activities. In this article, I describe the nature of the change and try to identify specific elements of BSC’s program that helped transform my perspective.
Introduction
There is a large projected shortfall of science and mathematics teachers. Alternative certification is a mechanism to help meet the need for able teachers by drawing from the ranks of science, math, engineering and technology professions (Wenning, C.J., 2005). However, in order to become teachers, these career scientists and engineers may need to substantially transform deeply held beliefs about the nature of teaching and learning to become effective teachers (Hewson, P.W. & Hewson M.G.,1988; Trigwell, K., 1996; Koballa, T. Jr., Glynn, S.M., Upson, L. & Coleman, D.C., 2005; Yip, D.Y., 2001; Lingbiao, G. & Watkins, D., 2001). By documenting my experience, I hope to help three groups of people: professionals considering alternative certification, developers and directors of alternative certification programs, and researchers who study teacher certification programs. 
Methodology

This paper summarizes and analyzes writings from two main sources: my responses to written class assignments (such as guided reflections, teacher observation reports and learning narratives) and personal notes taken during and outside of class. The writings for class assignments were prompted by requests from various teachers and were written with the expectation that the teachers would read and review the work. Throughout the program I also recorded personal notes. The notes included observations and reactions both during and outside of class. I produced the writings that I analyze in this paper before I conceived of writing this paper. This paper is written to partially fulfill the requirements of PHY690, the capstone course of the certification program.
The Alternative Teacher Certification Program

The alternative certification program at BSC is described in detail elsewhere (MacIsaac, D., Zawicki, J., Henry, D., Beery, D. & Falconer, K., 2004). The program requirements are on the web at <http://physicsed.buffalostate.edu/programs/MSEDPhysicsPrograms.html>.  At the heart of the program is a summer academy suite of courses in which students experience research based curricular materials in basic physics. Most activities came from modeling physics instruction (Wells, M., Swackhammer, G. and Hestenes, D., 1995; Modeling Physics Group, 2004) and Constructing Physics Understanding (Goldberg, F., 2000). Participants also attend a new physics teacher workshop during the summer academy. In addition to the summer academy classes, students must take a physics education research seminar, PHY500, a variety of education courses to meet state certification requirements, required field experience observing practicing teachers and optional substitute teaching, and a Master’s project course, PHY690. In PHY690, students must prepare a manuscript for publication in a journal. This paper is my PHY690 project. 

Participants in the program
There are two main groups of students enrolled in graduate physics teacher preparation programs at BSC. Slightly more than half are already-certified teachers seeking to gain physics certification or engaging in professional development. The remaining group is new, uncertified teachers. Most of these come from technical and engineering fields entering teaching as a new career, like me, though there were also some younger students who were beginning their first career. The physics background of the program participants varied widely. The technical professionals in general had the strongest physics background. The teachers had a somewhat weaker background than the engineers, although there were some exceptionally strong teachers. The beginning teachers, as a group, had the weakest physics background. There was also a wide range of teaching philosophies. Many of the engineers had views similar to mine, while the existing teachers had philosophies ranging from drill and practice to, in my view at the time, very innovative views about how to engage students.

Background and Initial Beliefs
My background is probably unusual, but not unique, for a high school physics teacher. After majoring in physics at McGill, I attended graduate school at University of Illinois at Urbana-Champaign and did research in high energy particle physics (Busenitz, J., Olszewski, C. et al., 1989). I got my Ph.D. about twenty years ago and went to work in the telecommunications industry, first at AT&T Bell Labs and then at Tellium, a small startup company. During my telecommunications career, I had two rewarding teaching experiences: teaching calculus at a community college for several semesters and serving as a volunteer for Project Astro Nova, giving talks in two third grade classes. These two teaching experiences were so intellectually and emotionally satisfying that, when Tellium failed in 2003, I chose to become a teacher rather than find a new job in industry. I am fortunate: not all people can choose to take considerably reduced income in order to pursue a potentially more satisfying career.
When I enrolled in the alternative teacher certification program, I had prejudices about the program and preconceived notions about physics and physics teaching:

· I believed I had more than adequate physics subject mastery
. I had a Ph.D. and a long publication record. I felt I did not have to learn more physics- merely better ways to teach physics.
· I expected that the program would extend what I already knew about how to teach. I did not expect my approach toward teaching and learning to be revolutionized. 
· I had specific ideas about how I would teach physics. I expected to teach physics by using my ability to explain scientific and mathematical concepts clearly. I did not expect to stray far from the lecture format I had experienced as a student. 
· From what little I knew of educational theories, I was not positively disposed toward constructivism. I believed that knowledge of the physical world was more or less absolute and the idea of students (or anyone else) “constructing” their own knowledge verged on the incomprehensible. I also felt that students came to the classroom with little prior knowledge of physics.
· I believed that science (including physics) was logically organized body of information with an existence of its own. The role of the teacher, therefore, was to help students acquire the body of knowledge as smoothly and quickly as possible. The structure of the science provided the logical map for presenting the material.
My initial ideas regarding what constituted good physics teaching were formed from my own experiences learning and practicing physics. I planned to teach as I had been taught and I believed the program would teach me how to help students acquire the facts, relationships and skills easier and faster. 
Table 1 shows how my beliefs concerning a variety of issues changed as a result of the program. I initially prepared this table late in the program to articulate conclusions I had reached about teaching and learning during the program. I then determined the analogs to these ideas and reconstructed my pre-program positions on the topics. I was very surprised at the number, magnitude and variety of changes my thinking had undergone. Most of the changes outlined in Table 1 can be traced to a central change in perspective concerning what effective learning looks like. I no longer view the process of successful teaching as transferring the knowledge of science untransformed from teacher to student. I now view the classroom as a place where students interact with each other and equipment, grappling to make sense of new ideas. 
The arena where this change is most apparent is in my attitudes toward student questions, student confusion and frustration. I used to think that student confusion and frustration should be avoided. If a student asked a question, the teacher’s role was to supply the correct answer as clearly as possible. I considered it important for the teacher to “sanitize” demonstrations and labs to help students focus on what he/she knew to be the important features. Similarly, I viewed group work as potentially detrimental to student learning; after all, students would likely be exposed to multiple ideas and viewpoints, many of them incorrect. Now I view student confusion and frustration as natural, productive parts of learning. Student questions should not be answered right away; students must think to learn. The teacher’s role is to provide rich, realistic experiences that allow students to construct and interpret their own knowledge. I also now believe that student discourse is essential: students need to examine both correct and incorrect ideas in multiple representations in order to construct robust understanding. 
Identifying the agents responsible for changes in my thinking
Of all the elements of BSC’s alternative certification program, the summer academy courses were by far the most influential at bringing about the change in teaching worldview described in the last section. Other program elements – education courses, the physics education research (PER) seminar, education courses and my field teaching experience – provided supporting evidence for the realizations I made during the summer academy.  Table 2 lists specific features of Buffalo State’s program together with the relative impact each had on each of the changes in my beliefs about teaching, learning and the nature of science listed in Table 1. Prominent features of the summer academy courses directly triggered or provided essential motivation for a vast majority of the changed beliefs listed in Table 1. For each area of changed thought, I’ve identified program elements that provided a triggering event, necessary experience and support for the change. Several of the elements are listed under the heading “Showcase Courses.” Two elements listed under “Showcase Courses” – pedagogical content knowledge (PCK) and reflection – were not only part of the showcase courses, but were also prominent in the PER seminar. 
The summer academy courses were responsible for the vast majority of the events that triggered belief change. The summer academy made heavy use of activities from strongly student-centered research-proven curricula, including modeling physics instruction and Constructing Physics Understanding. In these curricula, students perform (often open-ended) experiments with equipment. Introduction of terminology is delayed until students have had a chance to negotiate meaning through discourse with peers, both in small groups and as a whole class. In the summer academy, participants would do the activity in “student mode” first; we tried to engage in the course material as new physics students would encounter it, and anticipate what new physics students would be thinking and doing in the situation. In this way, we were re-taught introductory physics. Immediately after the activity, we switched to “teacher mode,” reflecting on the learning experience from the perspective of prospective teachers.
As Table 2 shows, “student mode” experiences and subsequent reflection in “teacher mode” triggered most of my belief changes. “Student mode” gave the participants several valuable perspectives on the material:

· Participants gained a student-level impression of the material, helping the participants learn / remember what their first impressions of the material were when they first encountered it.
· Participants gained potential insight into student reactions to the activities and information, including possible student preconceptions. 
· Participants could see applications of how students could use their new information as they become more adept with it.
· Participants gained understanding of how students would learn the information, and thus bring to mind ways to help or extend the students' learning.

I do not believe that the participants (including myself) would have been able to use these conclusions nearly as effectively if we had simply read about them in a book. Being in the actual situation, and performing as students would, provided much more immediately applicable understanding than a textbook or a clear explanation of what students would likely be thinking or doing in a particular situation. The immediate and applicable understanding provided by the student-mode experience was invaluable to me.

One of the consequences of finding such value in the student-mode experience of these learning activities was a belief that students would also find great value in experience. That is to say, I now believe that students would find more value in a well-constructed experience than in a clear explanation, or in reading a well-written text book. 
One student mode activity was particularly powerful. Fellow students and I were asked to match certain graphs (e.g., velocity vs. time) with the motion of our bodies. An ultrasonic motion sensor connected to a computer recorded our positions. The computer displayed position, velocity, and acceleration graphs, providing real-time feedback regarding our success or failure. The experience led to several realizations about both teaching and physics. I had a strong mathematical understanding of kinematics before this lab, but I found my experience of feeling this motion to be quite different in kind from my previously existing equation-based knowledge. This experience not only helped me appreciate the power of this type of kinesthetic experience, but it also helped me realize that multiple modes are important for developing robust conceptual understanding. Learning kinematics involves integration of multiple ways of knowing: through words, pictures, visualization, graphs, and mathematical representation. This experience and others like it also showed that significant learning events can be unique and intrinsically motivating (i.e. fun).
Another important component of the program and of the showcase courses in particular, is pedagogical content knowledge. PCK (Shulman, L., 1986) represents the integration of expertise in a discipline such as physics (sometimes called content knowledge) and general knowledge about teaching and learning (pedagogical knowledge).This includes information about what ideas students are likely to hold about a physical phenomenon or concept entering the classroom and knowledge about approaches and experiences that might help students develop more expert-like understanding of a concept. For example, one of the instructors brought in a large chunk of dry ice for the participants to play with. The motion of this massive object under nearly frictionless conditions challenges student expectations about the relationship between forces and motion and can fruitfully lead to a discussion of Newton’s laws (Arons, A.B., 1997). Knowing about the activity, its potential for uncovering student understandings and knowing how to use the activity to help students develop expert-like ideas about Newton’s laws are all parts of PCK. I did not know what PCK was, but this experience helped me develop an appreciation of it. We augmented these experiences playing on an affordable personal hovercraft (Altshuler, K., 1989).
Though it did not directly trigger any of the belief changes listed in Table 2, physics PCK is a powerful undercurrent throughout the program. PCK pervades the research-based curricular materials and many of the other activities from the summer academy. In most instances, the direct effect of the PCK is hard to identify, but recognizing the importance of PCK in teaching has strengthened many of my other changed beliefs, such the importance of multiple representations and the progression /construction of student knowledge.
A very important element of the alternate certification program was guided reflection: that is, participants were asked to reflect on new knowledge or a particular activity, and relate that activity or knowledge to how each participant learned or taught something in physics. This element was a large component of the showcase courses, as well as of the PER seminar. These reflections were in both verbal and written form. For example, each week during the summer academy course we wrote a Learning Commentary (LC) in which we described some realization about a physics concept we had that week. In these commentaries we included descriptions of our initial thoughts, our new conclusions, and identified the activities, discussions, or reflections sparked the change in our thinking.

During the showcase courses, after the participants engaged in an activity in student mode, we analyzed that activity and its consequences in teacher mode. These reflective discussions and essays were generally focused on what we thought or felt during an activity, how we thought we learned or did not learn during the exercise, and how the exercise would be beneficial, or not, to new students. Additionally, we also periodically analyzed major changes to our conceptions of physics, teaching physics, or learning physics. I have used these reflections to document some of the changes to my thinking during the program.

Interpreting teacher education as teacher conceptual change, I found reflection to be an essential element in changing my ideas of teaching for three reasons:

· As I reflected on activities in student-mode and discussed them with other participants, I learned to analyze what parts of an activity were important, and in what ways I could make the activity and the associated learning more effective for the students. I believe that this ability will help me to learn more from my actions, and apply this knowledge to bring about more effective student learning.
· As part of the guided reflections, I became explicitly aware of how my conceptions of teaching changed in specific instances. This reflective ability, an awareness of change or metacognition, is a necessary part of teaching effectively (Schön, D., 1987; Trigwell, 1996; Halim & Meerah, 2002; Abd-El-Khalick, 2003). Such intellectual change is consistent with the model of learning as conceptual change for both teachers and students.
· After becoming aware of changes in my thinking, I started to think about how to improve my approach to teaching. Such reflection-in-action allows a person to know how he or she has changed, and also to improve the results of one’s performance (Schön, D., 1987).
In many ways, I found the act of reflection to be the mirror image of student-mode activities. In student mode, I approached activities as a student would, to view them with a student's eyes and perspective. In the reflections, I viewed these same activities from a teacher's understanding and perspective, to evaluate the activities and my reactions to them to anticipate the effectiveness of student learning. Both sets of activities (student mode and reflection) are needed for this task.

Reflections on my experiences learning from different sources and verbalizing my own thoughts readily showed me that these experiences were valuable to those learning physics. While I did not reflect on my learning much when I first learned physics, I now find reflection vital to incorporating those experiences in my current understanding of good teaching and learning. My appreciation of open-ended laboratory activities was also buttressed by my reflections on such activities carried out in student mode during the program.

During the PER seminar, reflecting on my experiences and discussing those of other participants encouraged me to extract useful lessons from my past experiences and see how they could be applied to my current teaching approach. I found that one of the effects of reflection is to fix and illustrate my changed ideas of good teaching in my mind. In other words, once I have adopted a changed idea, and I am convinced by practice or reflection that it is a useful idea, my thinking does not tend to change back.

A major theme of the alternate certification program was the encouragement and use of the Reformed Teacher Observation Protocol (RTOP) (Piburn, M., Sawada, D., Falconer, K., Turley, J., Benford, R. and Bloom, I., 2000; MacIsaac, D. & Falconer, K., 2002). Each showcase course included an explanation and a participatory example clarifying what RTOP measures, which is the amount of particular observable student and teacher activities in the classroom. Besides the explicit sessions devoted to RTOP, showcase courses also implicitly followed the principles of RTOP by encouraging active student involvement in the course material (MacIsaac & Falconer, 2002). In that sense, the courses conveyed both a theoretical framework and practical examples of RTOP. Indeed, several of the other elements (student-centric activities in student-mode; the hands-on practices of PCK; and the strong emphasis on student discourse) are consistent with the principles of teaching and learning espoused by RTOP.

The emphasis on RTOP supported many of the changes in my thinking, and was an essential component to other changes. The information from the RTOP framework and experience did not produce by itself a triggering event that changed my thinking. RTOP supported the changes in my appreciation of different types of knowledge and the importance of laboratory activities, and seemed to be essential to my understanding of the importance of student verbalization in learning physics. The RTOP measures observable student behaviors, and is a very straight-forward approach to investigating and recording classroom activity. When planning classroom activities, I have found RTOP useful as a means to think about what active student behaviors I want to generate by my lesson plans. RTOP is a reminder that learning is supposed to take place in the minds of the students, and that observable student behavior is one indicator of that learning.

A signature element of the alternate certification program was the emphasis and encouragement of students to discuss problems and concepts with each other. In most classes, we worked in small groups on experiments or problems. “Whiteboarding” (MacIsaac, D.L., 2000) facilitated student discourse. Each group would write on large but portable (2’ by 3’) dry-erase whiteboards as a prelude to whole class discussions or whiteboard presentations. In addition to the obvious impact on discourse, whiteboards both required and fostered verbal and diagrammatic representations of student thinking (Wells & al, 1995).

The many student discourse and whiteboarding experiences were pivotal in changing my understanding of the importance of student verbalization and its effect on student conceptual development. I experienced at first hand the association of verbalization and the construction of meaning (Vygotsky, L.S., 1997). I also observed the participants continuing to express themselves more clearly to each other, which could be a sign of clearer thinking. Thus I now believe verbalization is extremely important in student learning.

Student discourse and whiteboarding were also essential elements to several other changes in my ideas of good teaching, and also supported the changes initiated through other program elements (see Table 2). The emphasis on discourse and whiteboarding is consistent with the student-centric orientation advocated by RTOP (Piburn & al, 2000). These elements, when used in a classroom, should help the students verbalize their thoughts and keep them actively engaged in constructing physics concepts. Both aspects contribute to better student learning (Hake, R., 1998; Thornton, R.K., 2003).

The PER seminar course provided an exposure to a sample of original PER literature (see syllabus at http://physicsed.buffalostate.edu/courses/06/spring/PHY500/PHY500SyllSpr06V1.doc). In addition, the participants took part in readings and on-line guided reflections on the applicability of the research to each participant’s experience in learning or teaching physics. This seminar seemed to be designed as a companion to the summer courses, since the PER readings selected seemed to provide the basis for many of the approaches and activities of the summer showcase courses. The readings in the seminar were distinctly constructivist.

Although the PER seminar was the initiating venue for some of the changes in my thinking about good physics teaching, in most instances it provided essential background or supporting information to changes initiated during other parts of the program. Table 2 shows the areas and types of contributions of the PER seminar. For the changes in my understanding of the importance of different types of knowledge, the importance of student verbalization, and the importance of unstructured laboratory activities, the readings from the PER seminar provided published research support. This support helped to make my changed ideas more lasting, since they conveyed a more theoretical understanding of the techniques and approaches that I found so powerful during the showcase summer courses.

One area in which the seminar did initiate a change in my thinking was how students learn. From the reading on Piaget (Piaget, J. & Garcia, R., 1989), I can trace my current understanding that it is better to begin a topic with tangible experiences than with theoretical explanations, and that concept development should precede problem solving. The PER seminar also provided a starting point for further reading and research.
Two other program elements should also be mentioned. Twelve hours of courses from the education department are included in the program, as required by New York State law (see http://physicsed.buffalostate.edu/programs/pgmdox/Alt%20Cert%20Masters%20pgm.pdf for a list of the courses).  The program also included field work. Classroom observation was required and substitute teaching was strongly encouraged. 

The education courses provided information about literacy and exceptional children not included in the physics part of the program. Also included in the required education courses was an educational psychology course. The educational psychology course provided a basis for the constructivism inherent in much of the philosophy of the alternate certification program. Additionally, the theoretical concept of Multiple Intelligences (MI) seemed to directly support the importance of different kinds of knowledge in my changed understanding of good physics teaching (Gardner, H., 1983). The importance of student verbalization is also supported by this program element.
The field work was also helpful. Participants were required to observe a physics teacher for one week (40 hours). The observation experience varied from passive observation to direct interaction with students. I did the required observation about five months into the program. I started substitute teaching about eleven months after I started the program. Though the field work provided me with practical knowledge about many things, such as classroom management and lesson planning, it did not substantially change my ideas about teaching and learning. The revolution in my thinking had already occurred.
Conclusions
When I entered the program, I had an extensive physics content knowledge characteristic of a physics Ph.D., as well as many preconceived notions of what good physics teaching should look like. Because of my experiences in the program, and my willingness to follow where the data led me, I find that my initial ideas have been largely replaced. Contrary to my original intention -- largely to teach as I was taught -- I now expect to teach very differently with an emphasis on student-centric activities that change students’ own ideas. This teaching will incorporate multiple sensory information, emphasize student discourse, utilize whiteboarding, and make use of open-ended laboratory activities.
The change in my idea of what constitutes good teaching was triggered in large part by my participation in the program’s summer academy showcase courses. The summer academy taught physics (and the teaching of physics) using the same philosophy it advocates. The effectiveness of the approach in changing my ideas about teaching convinced me that the ideas on which the program is based will be effective for changing students’ ideas about physics. Learning about teaching and learning about physics share many common traits. 
· Learners enter the classroom with existing ideas about the subject, some incorrect and some correct. Profound and robust learning about the subject often requires substantial conceptual change, both for aspiring teachers (refs) and physics students (refs). Pedagogical content knowledge about the subject at hand is therefore a powerful resource that helps the teacher develop effective lesson plans.
· Active learner participation in the learning environment is essential. Classroom achievement can be more accurately predicted by observing the behavior of students in the classroom than the behavior of the teacher. The RTOP 
· Student discourse is essential in the classroom, both for student learning and for assessing student thinking. Whiteboards are an especially valuable tool for promoting and managing discourse.

· Reflection is a valuable trigger to help the learner identify and solidify conceptual change.

While my summer academy experiences are largely responsible for my belief changes, subsequent readings and experiences have provided support for these radical changes in my thinking. Both the PER seminar and the educational psychology course help me develop a vocabulary and theoretical framework for my new ideas. Field work also gave me practical knowledge about how to apply these ideas in the high school classroom. 
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Table 1. My beliefs of good physics teaching and learning before and after the alternative teacher certification program for high school physics teachers.

	WHAT I BELIEVED THEN
	WHAT I BELIEVE NOW

	1. Goal/subject of instruction

	A. Subject of Science

	Scientific literacy: Facts
	Scientific literacy: Processes

	B. Encouragement of Thinking

	Frustration in students should be minimized by the teacher by clear explanations and appropriate problems and demos
	Students should encounter frustration regularly as they learn: Intellectual dissonance / discomfort are essential

	The teacher should provide a smooth path for learning to the students
	Teachers should challenge and engage students’ intellects to develop critical thinking skills

	The teacher should answer questions immediately to address student misconceptions
	Teachers should not answer questions right away: Let the students stew

	Why should students think?
	Students don’t like to think

	2. Student Thinking

	A. Progression of Knowledge

	Beginning with abstract concepts gives the students a framework from which to interpret further demos and examples
	Concepts and topics should be introduced with concrete examples and demos first, and gradually abstracted to physical concepts

	If students do not understand a concept, reliance on the equations can help generate that understanding
	Students should learn the general concepts first, then learn (or determine) equations to capture these concepts

	B. Construction of Knowledge

	Knowledge is a given: The students just need to learn it.
	Students (like people) make their own knowledge as they learn (needs to be consistent with physical reality to be useful)

	Some knowledge cannot be connected to the student’s knowledge, so the teacher sometimes has to start in the wilderness
	Knowledge must be connected to what the students already know (even if it’s wrong)

	3. Student Engagement and Activities

	A. Engagement of Student Attention

	Showing a demonstration is more important than getting the students to think about what’s going to happen beforehand. The important point is that they remember what happened afterwards
	Asking the students to predict the outcome of demonstrations and exercises draws them into learning about what they see, hear, and experience

	Students should learn from the most appropriate activities (whether fun or not)
	Fun activities will help motivate students to learn

	B. Different Types of Knowledge

	Really, audio and visual input are the keys: The teacher speaking, and the students listening
	Using multiple representations (and having student use multiple representations) helps more students, even those that are already academically strong (Arons, 1997)

	Demonstrations are cute and interesting, but really do not advance the understanding of the students (Sokoloff, D.R. & Thornton, R.K., 1997)
	Kinesthetic learning experiences (and other sensory experiences) give students a good basis for new knowledge in an entirely different way (Arons, 1997)

	C. Student Verbalization & Explanations

	Clarity of teacher’s explanation(s) should make material clear for students
	Student verbalizations / explanations / descriptions are essential to developing student understanding

	Most useful discourse in a classroom flows from the teacher’s mouth to the students’ ears.
	When students are engaged in the intellectual dance of science, they are frequently noisy and talk quickly to one another. This should be encouraged

	Since the teacher is the person who knows the subject best, the teacher should ensure that correct explanations are held by the students
	Kids should explore what interests them, and come up with their own explanations of phenomena

	Student-to-student discourse can be, but is usually not, useful
	Student discourse is (in)valuable

	Student explanations are frequently in error: Teacher-given explanations are much preferable
	Having students explain their reasoning is valuable to them and their classmates

	4. Elements of Learning

	A. Process of Science / Learning

	At this level, students should do most of their learning on their own: They’ll have to learn to work on their own eventually anyway
	Science is done frequently in groups. Therefore, many activities should be done in groups as a demonstration of “real science”

	B. Important Elements to Learning

	Common knowledge

Questions indicate non-comprehension

One explanation (the correct one) is enough

One representation is enough, too
	Uncommon knowledge:

Open questions

Developing multiple explanations

Using multiple representations
All these are associated with better understanding (Thornton, 2003)


	Aha’s, teachable moments, and bursts of insight are important, but cannot be predicted or encouraged
	Aha’s are important and can be encouraged through student discourse, appropriately chosen activity and reflection

	5. Examples and Labs

	A. Realistic Examples

	Activities and demos should be thoroughly worked out and practiced beforehand, minimizing any chance of discrepancies
	The physics and examples teachers present do not have to be perfect. In fact, imperfections may lead to more discussion (which is good)

	Sweep some things under the rug, so the students don’t get too confused
	Teachers should be correct, if not perfect: They should not sugar-coat phenomena

	B. Lab Activities

	Laboratory exercises should have a clear procedure, to minimize the students’ chance of making mistakes and errors
	Most laboratory exercises should be open-ended unstructured activities, with broad clear goals calling on student creativity and thoughtfulness

	6. Technology of Teaching

	A. Introduction of Technology

	Computers and software are good to have, but are not essential to developing a good physical understanding
	Computers and peripherals (motion sensors, force probes, graphing software) can provide immediate feedback to increase student learning

	B. Process of Science / Content

	Most modern science should not be addressed because it’s too esoteric. (In retrospect, this is a surprising opinion, given my career path!)
	Some equipment (e.g., cloud chambers) can show that there are some phenomena that are not easily observable.

	7. Good Processes and Practices

	I perceived science learning as mastering subject-matter. Learning was a matter of memorizing facts and rules. Learning should be as fast as possible and comforting to good students.
	I now perceive good learning to involve hands-on activities, open-ended questions, creativity and enthusiasm. Cognitive dissonance, conceptual change and reflection are essential parts of learning that take time

	Compartmentalized topics:

· Set of process skills / thinking

· Application to disparate subjects
	Spiral curriculum (Bruner, J., 1966)
· Builds up new knowledge and old

· Reinforces old

· Good environment

· Student input

· Labs first, then worksheets

( Holistic knowledge (Organic whole)


	Students learn best from traditional lectures. Students pick up the information they need from reading and listening. Labs serve to demonstrate what students picked up from the lecture. Problems sets serve to reinforce learning from the lecture.
	Students learn best through interactive engagement (Hake, 1998). Interactive engagement involves hands-on activity, peer-to-peer communication, frequent informal assessment, immediate feedback and multimodal exposure.


Table 2. The effect of program elements on changing my beliefs
about good physics teaching.

Key:  T – Triggering event of changed belief

E – Esssential component of changed belief

V – Very strong support of changed belief

S – Strong support of changed belief
	Changed Belief
Topic
	Program Elements

	
	Showcase Courses
	PER
	Education Courses
	Field Work / Substitute Teaching

	
	Student Mode
	PCK
	Reflection
	RTOP
	Student Discourse / White Boards
	
	
	

	1A
Subject of Science
	E
	
	T
	
	
	
	
	

	1B
Encouragement of Thinking
	T
	V
	E
	V
	V
	S
	V
	E

	2A
Progression of Knowledge
	V
	E
	E
	V
	V
	T
	V
	

	2B
Construction of Knowledge
	T
	E
	E
	V
	V
	V
	E
	S

	3A
Engagement of Student Attention
	T
	E
	E
	V
	E
	E
	V
	E

	3B
Different Types of Knowledge
	T
	E
	E
	V
	
	V
	E
	

	3C
Student Verbalizations and Explanations
	E
	E
	E
	E
	T
	V
	V
	V

	4 A
Process of Science / Learning
	T
	
	E
	E
	E
	
	V
	V

	4B
Important Elements to Learning
	T
	E
	E
	V
	V
	E
	V
	V

	5A
Realistic Examples
	T
	
	E
	
	
	S
	
	

	5B
Laboratory Activities
	T
	
	E
	V
	
	S
	
	V

	6A
Introduction of Technology
	T
	E
	
	V
	
	V
	
	V

	6B
Process of Science / Content
	E
	
	
	
	
	T
	
	

	7
Good Practices & Processes
	T
	E
	E
	E
	E
	E
	E
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�Did this change? If so, the change should be described later. If not, this bullet should be dropped. I suspect that what changed was your perception about the nature of what constitutes good understanding of physics.


�I tried to rewrite this as whole sentences, but couldn't tell what you meant by these fragments.


�Again, please write as whole sentences. I couldn't figure out what you meant well enough to paraphrase.
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