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ABSTRACT

The author describes changes to his concepts of good teaching as a result of his participation in an alternate teacher certification program for high school physics teachers at SUNY-Buffalo State College. The author’s perspective is that of a career-changing professional, but is unusual in that he already has his doctorate in physics. Many changes to his conceptions of good learning and good instruction are presented: key elements are an appreciation for the value of different kinds of physical knowledge that can be made available to students (e.g., kinesthetic), the beneficial effects of student discourse; and the uses of open-ended and unstructured laboratory activities. These and other changes arise from the student-like experiences and related reflections on learning and teaching during the program’s summer academy courses.

I. Introduction

One view of teaching is that of changing the conceptions or thinking of the students (Hewson, P.W. & Hewson, M.G. A’B, 1988; Yip, D.Y., 2001; Koballo, T. Jr., Graber, W., et al., 2000; Trigwell, K, 1996). Similarly, the development of the thinking of beginning teachers may also be described as changing their conceptions of what constitutes good teaching (Hewson & Hewson, 1988; Yip, 2001; Trigwell, 1996; Lingbiao, G. & Watkins, D., 2001; Koballa, T.R., Glynn, S.M, et al., 2005). As a participant in SUNY-Buffalo State College’s alternate teacher certification program for high school physics teachers (MacIsaac, D., Zawicki, J., et al., 2004), my conceptions of good physics teaching have undergone changes more revolutionary than evolutionary. My perspective on physics teaching is unusual for a beginning high school physics teacher in that I already hold a doctorate in physics and have had a twenty-year career in telecommunications research and engineering. This paper is presented as a personal case study on teacher conceptual change of good physics learning and teaching and the program elements that brought about these changes. Case studies constitute a valid component of teaching research which illustrate the development, thinking, and environment of actual people (Lingbiao & Watkins, 2001; Koballa, Glynn, et al., 2005, Yip, 2001). That an author presents himself as a case study is unusual, but on the other hand, so is my perspective. This paper is intended as a contribution to education research on alternate teacher certification programs.

II. Motivation and Uses

The information in this paper could be useful to three groups of people:

· Those who will be making use of alternate teacher certification programs. There is a large projected shortage of science and mathematics teachers, and one place that these teachers could be drawn from is from the ranks of industrial researchers and engineers working for shrinking companies (Abd-El-Khalick, F., 2003; Wenning, C.J., 2005). This information could help prepare them for possible changes to their conceptions of good teaching.

· Those who develop and coordinate alternate teacher certification programs. This paper presents a case-study perspective describing which elements of such a program was effective in promoting conceptual change.

· Those who study alternate teacher preparation programs. This information could be used to help refine future investigations.

III. Methodology

This paper presents and analyzes conceptual changes, and so reports both previous and present conceptions of good teaching. Information regarding changes to my conceptions of good physics teaching was specifically recorded in class notes and class assignments during the summer academy courses of the alternate certification program. Some information also comes from my descriptions of observations I made of actual physics teachers and students. Although this case study is necessarily somewhat subjective, I try to use my training as a scientist to record observations carefully. Some descriptions of my prior conceptions arose in contrast to my current understanding of good science teaching.

IV. Initial Participation in Alternate Teacher Certification Program

To be able to evaluate changes in my conceptions of good teaching, it is necessary to know my conceptions before I participated in the alternate teacher certification program. These pre-conceptions are in part formed by my educational and professional backgrounds, so these backgrounds are described here. In addition, comparisons are drawn between me and other participants in the program so that the wider applicability of my comments may be judged.
A. Personal Background

My background is somewhat rare for teaching at the high-school level, although not unique. I received my doctorate in physics about 20 years ago at the University of Illinois, and thereafter took a systems engineering/applied research position at Bell Labs in New Jersey. I continued my career in this field for about twenty years, until the small start-up company where I worked failed. At that point, for a variety of personal and professional reasons I decided to go into teaching at the secondary level.

I had no intention of teaching when I first began my professional career, however several formal and informal teaching opportunities I made use of convinced me that I would find teaching extremely satisfying. From these teaching experiences, I also determined that I would find teaching high school students the most personally rewarding. I then decided to pursue a career as a teacher and enrolled in the alternate teacher certification program at SUNY-Buffalo State College (MacIsaac, Zawicki, et al., 2004). With my extensive physics background, I did not believe that I needed to complete a four-year program to become a certified physics teacher, or would find that a wise use of my time. Comments from participants in such programs have largely reinforced my decision.
B. Initial Preconceptions of Good Teaching

When I decided to enroll in the alternate teacher certification program, I admit to having several prejudices about the program and many preconceived notions regarding good teaching. My incoming prejudices were:

· I believed that I had more than adequate subject-matter mastery. I had studied physics as an undergrad and as a graduate student, with about 60 undergrad hours and about 20 graduate credits. Additionally, I had done research for my doctoral degree. I believed I did not need to learn more physics – merely better ways to teach physics.

· I expected only a small amount of incremental learning in the alternate teacher certification program. I anticipated learning how people learn and also acquiring some techniques and approaches to teach physics to attempt to make the material more interesting and relevant to students. I had been told that “You can’t just lecture to these students anymore”, but I still expected these techniques to be within the framework of a traditional lecture. I did not expect my approach towards learning and teaching to be revolutionized.

· I had several ideas of how I expected to teach physics. Most of my undergrad and graduate courses were taught in a traditional lecture format: the instructor designing and delivering lectures and preparing assignments for the students to complete. In these classes, the students generally sat passively taking notes and learned the material by studying and completing the assignments. I did not expect to stray much outside the boundaries of the typical lecture format.

· My expectations of teaching physics well were to show the relevance of physics to everyday life, and to use my ability to explain concepts clearly in science, physics, and mathematics. I had spent many hours understanding various concepts until I could see them clearly. I expected to be able to convey this clarity to students. 

· From what little I knew of educational theories, I was not positively disposed towards constructivism. I believed that knowledge of the physical world was more-or-less absolute, and the idea of students (or anyone) “constructing” their own knowledge verged on the incomprehensible.

My initial ideas regarding physics teaching were formed from my own experiences learning physics: essentially, I planned to teach as I was taught. I also wanted to include approaches that would have helped me to learn the material more easily and faster.

Generally, I believed that the content of science (including physics) was factual and had an existence of its own: the students needed to learn and understand a wide variety of scientific facts and relationships, and know how to apply them. The teacher’s job was to make this acquisition of information as smooth and as easy as possible, within reason. The teacher should try to avoid frustrating the students, and when the students have questions, the teacher should address them as quickly and accurately as possible. Indeed, the best way of communicating this information to the students would be through very clear lectures, demonstrations, and appropriate problem sets. 

Based on the application of logical reasoning and the scientific method, ideally the students should learn these patterns of thought and begin thinking for themselves in this way. But even if they don’t begin thinking this way, the students could still learn enough of the material to earn a passing grade.

Whether a teacher begins with abstract concepts and then shows how they apply to specific examples, or begins with specific examples and then shows how they could be generalized, is largely a matter of the teacher’s discretion based on the information to be learned. Indeed, starting with abstract information could give the students a framework with which to interpret later examples and demonstrations. Further, if students have a difficult time grasping the material during the lectures, they could learn it on there own as they work the problems assigned by the instructor.

Initially, the students would be expected to have very little prior knowledge about these subjects. Although it is desirable to connect new information to their normal lives (i.e., outside class), this task may not be possible. Thus, the information learned by students might be isolated and disconnected, but the instructor would give the students enough knowledge to form a basis for their conceptual understanding of the topic.

The instructor chooses activities and demonstrations that are most appropriate to the students learning the material, although the students might find some of them boring. Audio and visual information (lectures, lecture notes, and textbooks) are the best primary means of delivering information to the students. Other media and modes (movement, feeling, color, etc.) may be interesting and diverting and serve to break up the tedium of continual lectures, but would not function as primary sources of usable information.

Furthermore, most useful information in the class flows from the instructor to the students by these audio or visual means. Since the instructor is presumably the person who knows the subject matter best, it makes sense that most useful information would move in this way. Although the students may try to explain what they see, hear, or experience, it is generally the instructor who provides the best explanation. Explanations from the students are frequently in error, and will tend to slow down and confuse the class.

Science may be done in groups at the research level, but at the high-school level the students are better off learning the material individually on their own: after all, they will be responsible as individuals on their tests. When students ask questions, it is generally because they do not understand something. While one goal of instruction might be to give the students an “Aha!” experience, in which seemingly incommensurate ideas suddenly become comprehensible as a part of an entire concept, these moments occur very infrequently. There is not much that can be done to increase their frequency, since they are essentially random serendipitous events.

Demonstrations used in the class should be thoroughly gone over before hand, to ensure that they work properly and are not confusing. Smaller, less significant details should be pushed to the background or eliminated to make the demonstration clearer. Additionally, laboratory “investigations” are purely activities that illustrate concepts from the lectures. A clear set of steps and procedures are given to the students engaged in laboratory work, so that they clearly understand what they are supposed to do, to preclude them from making mistakes and not getting the proper results.

Computers and technology are certainly very useful tools, but should not be considered essential. They would not materially accelerate the students’ learning.

Finally, many topics of modern physics cannot adequately be addressed at the high school level (e.g., particle physics). Rather than discuss topics of doubtful relevance and limited understanding to the students, these topics should not be addressed at all.
C. Similarity to Other Participants

In the physics certification program, there seem to be two main groups of participants. Slightly more than half are already-certified teachers seeking a new physics certification, or seeking to increase their knowledge of physics. The remaining group, slightly less than half, contains new, uncertified teachers. Most of this group consists of people from technical and engineering fields, like myself, who are entering teaching as a new career. Another subgroup of this group are people beginning their first career as a physics or science teacher.

My physics background, both theoretically and of physics as it is used in research, was much stronger than the other participants as far as I could tell. As a group, the technical and engineering participants have the most solid physics background. The existing teachers, as a group, had a slightly weaker background than the engineers, although there were some exceptionally strong teachers. The third group of beginning/new teachers just starting their careers had, as a group, the weakest background.

In terms of incoming educational philosophy, I did not find many views much different from mine among the other engineering participants. The existing teachers had a range of philosophies, some advocating strict drilling with students, and others advocating some, to me, very innovative activities with their students. Some of these teachers were already long-time participants in these courses.

From my understanding, most of the participants expected to learn some new physics, or to become more comfortable with the physics they already know. But I do not think they believed they would learn a different philosophy of learning and teaching.

V. Alternate Teacher Certification Program

The alternate teacher certification program at Buffalo State College is described in more detail elsewhere (MacIsaac, Zawicki, et al., 2004). At its heart is a summer academy suite of classes in which participants experience modeling instruction in basic mechanics and electricity and magnetism, as well as attend a new physics teacher workshop. During these classes, participants are asked to experience the modeling teaching practices both as incoming high-school students for part of the time (to get the students’ perspective), and as instructors for the remainder of the time (to reflect on the teaching techniques and their effects). I found that my conceptions of good physics teaching were revolutionized during these classes.

In addition to the summer academy classes, the program also consists of a core of physics content classes, as well as pedagogical courses encompassing educational / adolescent psychology, exceptional education, and literacy. These courses provide some theoretical basis for the rather practical pedagogical content knowledge of the summer academy classes, as well as prepare the beginning teacher to teach effectively to a wide range of incoming student abilities. Such classes also help satisfy state educational requirements for teachers.

Finally, the alternate certification program also contains a requirement of field work, in which the teacher-to-be must go and observe actual physics teaching and learning taking place. This component allows the participants to recognize many issues related to teaching, learning, and dealing with real students and real teaching situations. Although the field task is theoretically set up as an observation, the experience can be augmented to a large degree by the assistance of the teachers being observed.
VI. Significant Changes in Conceptions of Good Teaching

Many of my conceptions of good teaching were changed (revolutionized) by my participation in the summer academy courses of the alternate certification program. A partial list of the many conceptions that I have recognized as changed during this time is given in Table 1, showing both my initial understanding of good teaching and my current understanding. The changed conceptions are approximately grouped by subject. This table was developed from a list of my new conceptions of good learning, as described in either my class notes or in class assignments I had completed during the courses. In retrospect, I have tried to relate these new conceptions of good teaching with my previous assumptions of good instruction prior to my participation in the program. I was very surprised at the magnitude and multiplicity of the changes my thinking has undergone.

To provide a more definite illustration of the events that changed my conceptions in some of these areas, I will describe the changes in my conceptions for the importance of:

· Different kinds of knowledge

· Student verbalization

· Open-ended and non-structured laboratory activities.

I consider these to be major changes in my current understanding of good physics and science teaching.

A. Different Kinds of Knowledge

The change in my understanding of the importance of using different kinds of knowledge in teaching physics arose from an exercise in simple kinematics. My previously existing kinematics knowledge was mainly conceptual. I know the usual kinematics equations, and can easily represent simple motions on graphs, and extract information from such graphs. I am also able to solve even complex problems. But at this time I would now classify my knowledge at that time as purely intellectual.

In the simple kinematics exercise, I and others in the program were tasked to duplicate with the motion of our bodies certain kinematics graphs (e.g., velocity vs. time). A motion sensor recorded our positions, and displayed position, velocity, and acceleration graphs as a function of time on an attached computer display. The display provided real-time feedback regarding our success or failure. The entire exercise was fun to watch and participate in.

During and after this exercise, I found my kinesthetic experience of this motion to be quite different in kind from my previously existing kinematics knowledge based in the usual kinematics equations. Having such a “hands-on” knowledge of the underlying motion provides a tangible realization of the various kinematics concepts. For a new student just beginning to learn these concepts, this very physical experience could be very helpful.

This new kinematics knowledge seems embedded in the acts of walking and moving, in the memory of the feelings of starting, stopping, and moving, and in the intellectual and visual connection between the graphs, the actions, and the motions. The whole experience is very rich in new connections, which could provide a new student with the memory of an actual event that can be called on to further his or her conceptual growth. Actual experiences like this could become a way to anchor broader concepts in the student’s mind.

To generalize from this example, information about a topic in physics could be conveyed in multiple ways: verbally, visually, by touch, moving, pictures, graphs, equations, written words, etc. Not only do students have varying abilities to understand each of these different areas (thus, making some modes easier for some students than others), but asking the students to translate between these multiple representations engages their minds in yet more ways. As they translate concepts between different representations, they gain more facility with the act of translation, and also become more familiar with the subject being translated. This familiarity helps to embed the knowledge from their various senses into their minds, and can provide insights into the underlying concepts from different perspectives. By providing the students with this rich experiential environment, the students will learn more easily, and could actually apply the information more readily.

Providing the student with a set of varied experiences of a single concept also provides the student with a set of memories of these events. These memories could serve as mental anchors of different aspects of the concept, helping the student to think about the concept in concrete terms, at least initially. Including the effects of forming connections between these anchors as the student translates between the different representations could help the student build a conceptual model that is not easily dislodged.

Thus, I believe that providing different actual experiences of a concept gives different types of knowledge to the students. These different types of knowledge help the student learn the concept and can provide insights into the underlying physical phenomenon. Providing students with such rich experiences is an important component of my current conception of good physics and science teaching.
B. Student Verbalizations and Explanations

My appreciation of the importance of students verbalizing their understanding, and trying to explain what they think they know, was triggered during a small group activity during one of the summer academy classes. Prior to this exercise, I did not attach much importance to student talking. When students talked, it usually meant that they were not paying attention to the instructor. Student explanations could be used as an indicator that they understood, or did not understand, some material. But, my experience during the group activity changed how I view students talking and trying to explain phenomena.

In talking to my group partner and trying to figure out how to approach a specific task we were given, I realized that I was listening to myself speak. It was in the act of speaking that I was actually putting my thoughts together, so that we were both hearing them for the first time. My partner then took my ideas, and extrapolated from them in ways that were both very useful and unexpected. Such interactions are very natural when people are dealing with new ideas or problems in industry or research, but I had not expected them to apply in quite this way to teaching. I now believe that student discourse is extremely valuable for many reasons as the students learn information and learn to apply that information.

As students construct their knowledge and try to incorporate new information, they may try several ways of integrating this new information into their existing schema. Talking, as the students listen to themselves and to each other, is an extremely useful means of the students to figure out how to connect their old and their new knowledge together. Humans are verbal beings, and it helps the students understand their own thoughts if they verbally describe or explain a concept, principle, or observation to another person. When they speak, they are projecting their thoughts into a concrete form that helps the students clarify them. If they cannot explain something clearly, it may be because they are not thinking clearly. Challenging them and guiding them to make their thoughts clear to others as well as to themselves helps them learn and organize their thinking. It also helps them learn to express themselves clearly. Both are good things.

While the teacher may be able to offer ab initio a reasonable and coherent explanation of some phenomenon, in many cases this explanation does not seem to find its way into the students’ brains. Perhaps the students cannot make sense of the explanation, or do not have a correct observation of the phenomenon, or they may not be able to connect the explanation to their existing knowledge base. In any event, the real work of making sense of a phenomenon, and integrating that new knowledge into the students’ already existing knowledge, lies with the students themselves. Consistently verbalizing explanations of phenomena (whether right or wrong), trying to connect new knowledge with the old, and describing possible extrapolations of new knowledge, is correlated with better conceptual understanding and student performance (Thornton, R. K., 2003).
When students express themselves to each other, they will make some noise, especially if there are multiple small groups and if the students become excited about some phenomenon and their understanding of it. Encouraging students to try to explain what they see to their own satisfaction will undoubtedly produce a noisier classroom than the traditional lecture-driven instruction. The noise level could be a sign of real learning taking place (MacIsaac, D. & Falconer, K., 2002).

Conventionally, most information flow in a classroom is from the teacher to the students. However, I now believe that verbal exchanges between students, and from student to teacher, are perhaps even more valuable.

C. Laboratory Activities

Laboratory activities have traditionally been used to demonstrate some principle or aspect of physics that was covered during a lecture. During the summer academy courses, I began to appreciate the potential of laboratory investigations for giving students the experience of science as an investigatory activity and showing them the role of human creativity and ingenuity in it.

Previously, I viewed laboratory activities in a very traditional light: they could be used to demonstrate some principle or example that was covered during a lecture, and they could give the students a chance to acquire practical laboratory skills. The students are generally given a specific procedure to carry out for their activity, and then must write a report on what they did and observed. Very little room is usually left for student creativity or insight. I planned to try to make these activities interesting to students as far as I could, but would also try to provide clear and detailed procedures.

The possible applications and importance of open-ended and unstructured lab activities to learning physics and other sciences became evident to me during one such lab activity in a summer academy class. Our lab group had to determine the relationship between two quantities: no other instructions were given. So, we had to determine how we could measure these quantities, determine the materials we would need, make up our own procedure, and decide on our data analysis. All these activities captured the essence of scientific investigation: there is no one way to do such things, and there is no instruction book for the world that tells us how to investigate it. While we in our group had some inkling of what we would come up with, incoming students would probably not: they would essentially be doing science. Thus, I now believe that giving students open-ended and non-structured lab assignments will teach them about the scientific process and logical thinking. Students could even apply logical thinking and a scientific process to other aspects of their lives.

In contrast with the traditional laboratory approach, open-ended assignments share many elements with research carried out academically and industrially. In these situations, the goal is usually clear, but he way to achieve it is not. Open-ended lab activities give students the opportunity to combine their creativity, ingenuity, and knowledge (gained both inside and outside of their classes) to measure something or achieve some goal. These activities are excellent examples for how students can draw on several of their abilities and knowledge in a creative way to logically solve a problem.

In this endeavor, the instructor should be nearby to help the students as required to formulate and analyze their approaches. By calling on the students’ high-level cognitive functions, the students are put into a position where they must use information they have been learning in a meaningful, natural, and very real-world way. This approach may carry over to the students’ real-world problems once they have finished the course.

Lab activities such as these require quite a bit of thinking on the students’ part. Despite the many pedagogical benefits of the activities, some students will see the work they need to do and be reluctant to face these challenges willingly. During my observations of one physics teacher who has developed a suite of open-ended lab activities, I asked one of his students what she thought of these labs. She said that she much preferred the chemistry labs because they told her exactly what she needed to do. Here, she said, “This is so disorganized. You have to figure things out for yourself.” Despite her disillusionment with these labs, I was very impressed with the creativity and logical reasoning she and the other students displayed.

Thus, I now believe that open-ended and unstructured lab activities are a tremendous place for student scientific development, and this realization represents a significant change in my conception of good physics and science teaching.

VII. Program Elements Fostering Conceptual Change

The program elements that encouraged my conceptual change can be broadly classified into two areas: student-like experiences and reflections on these experiences and on learning and teaching physics.

A. Student-Like Experiences

At the heart of the summer academy courses are many modeling activities that mimic the activities incoming physics students would go through. During these activities, participants initially try to engage in the activities as new physics students would, and to try to understand what the physics students would be thinking and doing in this situation. This projection of the teachers into their students’ minds, trying to understand their likely misconceptions, is a part of the pedagogical content knowledge needed by teachers (Hewson & Hewson, 1988; Abd-El-Khalick, 2003; Yip, 2001; Halim, L. & Meerah, S.M., 2002; Etkina, E. 2005).

The modeling exercises themselves are well designed to encourage active engagement of the participants. From the pedagogical viewpoint of learning material in an active way, active student engagement with the course material is associated with higher student achievement (Hake, R., 1998). These student-like experiences, including exposure to different types of knowledge, the finding on our own the value of student discourse and that of open-ended lab activities, changed my conceptions of good teaching drastically in a very short time. From discussions with other participants, most of them also came away with very similar ideas on what was valuable in each of these exercises.

Certainly my expectations of learning new techniques of teaching physics were satisfied by going through the modeling curriculum. My physical intuition for many of these fairly elementary concepts improved because of these courses. But, my understanding of what constitutes good learning and instruction has completely changed, which I did not expect. My future students will be glad I have participated in this program.

B. Reflections

The other major component of the summer courses, equally important to my changed conceptions, were reflections on what the participants learned during various activities. These reflections were both verbal and written.

Following an activity in which the participants tried to view the activity as new physics students would (“student mode”), we would then analyze that activity from a teacher’s perspective (“teacher mode”). These discussions were generally focused on what we thought or felt during an activity, how we though a new student would perceive the activity, and what that student would likely conclude following the exercise.

In addition to these discussions, we also periodically wrote short reflections and learning commentaries. The subjects of these commentaries were usually about a physics education article, about our student-mode activities and how they related to our experiences learning or teaching physics, or to major changes in our thinking as a result of the class.

Thus, as my conceptions of good teaching changed, I became explicitly aware of the changes. Reflection on conceptual change is a necessary part of teaching effectively (Abd-El-Khalick, 2003; Halim & Meerah 2002; Trigwell, 1996). As a teacher-to-be, I can reflect on how my knowledge has increased and I can apply that knowledge of how my thinking has changed to the expected evolution of my students’ knowledge and capabilities.
VIII. Conclusion

This paper details many of the major changes to my conceptions of good teaching and good learning in physics as a result of my participation in SUNY-Buffalo State College’s alternate certification program for physics teachers (Table 1). These changes can be traced to engaging in student-like activities (mostly modeling-driven) during the intense summer academy courses, together with the concomitant reflections on the changes of my thinking of physics learning and teaching. The combination of student-mode activities and reflections on those activities allowed me to see the progression of my thoughts regarding good physics and science teaching.

As I consider my initial incoming conceptions of good teaching, I believe that they were rooted in my own pedagogical journey: mainly to teach as I was taught. Now, with the advantage of hindsight, I believe that in most of my previous physics learning I “constructed” my own knowledge from the lectures, textbooks, and assignments. Knowing the source of my learning now, I can appreciate the constructivist philosophy: I believe that this is the only way one really learns. Thus, I now find my preconceptions to be naïve and hold a much different conception of what constitutes good learning and instruction. I believe that others from a technical background embarking on a science teaching career would have similar initial conceptions regarding good teaching, and following path similar to the one I have traveled would have similar experiences and come to similar conclusions. A similar progression of teacher conceptions among beginning teachers has been reported (Yip, 2001).

The major changes to my conceptions of good instruction are due to my new appreciation of the possible uses of different kinds of knowledge, the value of student discourse, and the uses of open-ended unstructured laboratory activities. In general, my new conceptions of good teaching regard the student as an active participant in his or her learning process.

To effectively change the way a teacher teaches, it is necessary to change the teacher’s conceptions of what good teaching is (Hewson & Hewson, 1988; Lingbiao & Watson, 2001; Koballa, Glynn, et al., 2005; Yip, 2001; Trigwell, 1996). Since my conceptions of good teaching have changed greatly, my teaching will be much different than had I not enrolled in the alternative certification program. From my original intention, which was largely to teach as I was taught, I now expect to teach with an emphasis on student-centric activities that change the students’ own conceptions. Although not expert in all of these techniques, I believe now that they are extremely effective and that they are appropriately aimed at influencing the concepts held by the students. This effectiveness has been demonstrated through research, which correlates increased student performance with increased student appropriate activity (Hake, 1998). The summer academy courses in the SUNY-Buffalo State College’s alternate teacher certification program for physic teachers allowed me to experience the effectiveness of these techniques as a student sees them and reflect on these experiences.

In my current conceptions of good learning and instruction, most of the emphasis in class should focus on what the students do rather than on the specific actions of the teacher. Although the teacher may no longer have to prepare clear lectures and develop impressive demonstrations, the role of the instructor becomes much broader. The teacher takes on responsibility for the entire teaching environment: the activities, materials, goals, questions for the students, etc. While class time becomes more student-centric, it is the instructor who must not only create this active learning environment for the students but also guide them through it.

Unless the instructor has training or experience in the construction and use of such an environment, it will be very difficult if not impossible for the students to use it effectively. The instructor needs knowledge of:

· The base level of core content

· What students know, or are likely to know

· How students learn and comprehend information

· Effective techniques that will help students learn the content.

The last three elements are sometimes called Pedagogical Content Knowledge (PCK) (Abd-El-Khalick, 2003; Halim & Meerah, 2002; Etkina, 2005). I believe the summer academy courses at SUNY-Buffalo State College were very well designed to impart this PCK.

Table 1. Preconceptions and evolved conceptions of good teaching and learning.
	What I believed then
	What I believe now

	IX. 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 of 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

	

	X. 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)

	

	XI. 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 supposedly smart

	Such demonstrations are cute and interesting, but really do not advance the understanding of the students
	Kinesthetic learning experiences (and other sensory experiences) give students a good basis for new knowledge in an entirely different way

	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

	

	XII. 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

	Aha’s are important, but cannot be predicted or encouraged
	Aha’s are important and can be encouraged:

· Discourse

· Doing things

· Aware of incomplete knowledge

	

	XIII. 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

	

	XIV. 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 – too esoteric!
	Some equipment (e.g., cloud chambers) can show that there are some phenomena that are not easily observable

	

	XV. Good Processes and Practices

	Science as subject-matter

· Science as memorization of facts and rules

· (comforting for really good students)
	Good learning:

· Hands-on

· Open-ended questions

· Creativity and enthusiasm

· Cognitive dissonance

· Reflections

· Good wait time

	Compartmentalized topics:

· Set of process skills / thinking

· Application to disparate subjects
	Sprialing

· Builds up new knowledge and old

· Reinforces old

· Good environment

· Student input

· Labs first, then worksheets

-> Organic whole (or something similar)

	Traditional lectures:

· Info from lectures

· Problem sets, too for reinforcement

· Labs to demonstrate principles from lectures
	Active engagement

· Peer-to-peer communication

· Immediate feedback

· Multimodal exposure

· Science is doing

· Lecture info and working knowledge
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