Eugenia Etkina
Building Physics Teacher PCK
2007 Summer AAPT


BUILDING PHYSICS TEACHER KNOWLEDGE (Pedagogical Content Knowledge)
Eugenia Etkina

Graduate School of Education, 

Rutgers,
The State University of New Jersey

10 Seminary Place

New Brunswick, NJ 08901

etkina@rci.rutgers.edu
http://www.islephysics.net 
http://paer.rutgers.edu/pt3
http://paer.rutgers.edu/scientificabilities
Baltimore, MD 2008

Workshop schedule

1. Introductions 1 pm – 1.15 pm

2. What makes up teacher knowledge and where is the place of PCK. 1.15 pm – 1.30 pm

3. Physics PCK, elements 1.30 pm – 2 pm

4. Assessment of PCK – 2 pm. – 2.30 pm

5. Elements of PCK: focus on student reasoning, language and formative assessment – 2.30 pm – 3.30 pm

6. Content representations -3.30 pm – 4 pm 

7. Teacher preparation and PCK 4 pm – 5 pm 
WHAT IS PCK?

Structure of Teacher Knowledge
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PCK – a unique amalgam of content and pedagogy. It is the rich conceptual understanding combined with expertise in developing, using and adapting teaching procedures, strategies and approaches to help particular students learn. 

The term PCK was invented by Lee Shulman in 1986.

PCK encompasses but is not limited to:

· Orientation towards teaching: Attitudes towards learning (traditional versus constructivist instruction); inquiry versus show and practice. Dispositions towards teaching.

· Knowledge of physics curricula (the sequence of topics that allows a student to build the understanding of a new concept or skill on what she or he already knows, and what topics are better suited to build certain scientific abilities). For example one needs to understand the ideas of impulse and momentum in order to construct a microscopic model of gas pressure. Or the analysis of the Atwood machine is a good place to help students understand the importance of assumptions that we make while solving physics problems.

· Knowledge of student difficulties (what student ideas, recourses, facets, or difficulties when they are constructing a particular concept are, or how they need to interpret physics language that is different from every-day language). For example while students learn electromagnetic induction, it is important to know that the difficulty in students understand of the concept of flux is often due to the fact that in every-day language the word “flux” means “change”.

· Knowledge of effective instructional strategies for a particular concept (what specific methods or specific activity sequences make student learning more successful). For example when students learn Newton’s laws, it is helpful to label any force with two subscripts indicating two interacting objects; or before one engages students in learning of current and voltage it is useful to give students a small light bulb, a battery and one wire, and ask them to light the bulb.

· Knowledge of assessment methods (what are the ways to assess student conceptual understanding and acquisition of problem solving and general scientific abilities, how to help students self-assess themselves, and how to engage them in a meaningful reflection).  For example, physics jeopardy problems in which a student has do describe a situation matching a given equation
 are an effective way to assess whether students understand the meaning of mathematical equations that they use to describe physical processes and to solve problems. 

Important ideas about PCK

1. PCK refers to the knowledge that teachers develop about how to teach particular content/subject mater in ways that enhance student understanding of this content. Teaching involves planning, executing and assessing.

2. PCK is not the same for all teachers within a given content area despite the fact that there are many commonly shared elements of teachers’ PCK within this content area. Every teacher had strengths in different aspects of the PCK.

3. Understanding teachers’ practice in terms of PCK may be helpful in making explicit and refining’ teachers’ professional learning about practice and teacher preparation.

Important ideas about planning (from the teacher’s point of view)

1. What do you want your students to learn/achieve?

2. How will they learn/achieve this? Important: what might they already know that is useful?

3. How will you know that they learned/achieved this?

Unit of planning: unit plan, lesson plan, activity plan.

Important ideas about assessment (from the teacher’s point of view)

Formative assessment occurs during learning to improve learning. It is based on feedback from the students to the teacher and from the teacher to the students. Summative assessment should address all goals of instruction

Important ideas about formative assessment (from the student’s point of view)

1. Where do I need to go?

2. Where am I now?

3. How do I get there?

Important ideas about the brain

1. Learning is a continuous activation and propagation of signals in the brain.

2. The brain cannot erase what has already been created (dispelling misconceptions is a fruitless goal).

3. New knowledge can only be created in the brain if it is connected to existing knowledge.

I know when I see it: Assessing PCK
[image: image13.wmf] PCK written assessment, the numbers and the letter C next to the questions indicate the addressed dimensions of PCK (1-orientation to teaching; 2- knowledge of curriculum; 3- knowledge of student prior knowledge and difficulties; 4 – knowledge of instructional strategies; 5- knowledge of assessment).

Ms. Bante’s students are learning Newtonian dynamics and are solving the following problem: An unlabeled free-body diagram for an object is shown on the right. Sketch and describe in words a process for which the diagrams might represent the forces that other objects exert on an object of interest.

She hears one of the students say: “There is a mistake in the diagram, the upward vertical force should be the same as the downward arrow”.

1. Do you agree with the student? Explain your answer (C).

2. How would you respond to this comment in class? Provide a possible scenario (1; 3; 4).

3. If you were to use student’s idea a hypothesis to test, what testing experiments would you design? (C, 5)

4. How would you engage your students in a similar activity? (4)

5. Why do you think the student made this comment? (3)

6. What activities done in class prior to this activity could have contributed to his opinion? (3, 4, 5)

7. What can you do as a teacher to help this student understand the complexity of the concept of normal force? (C, 1; 4).

EXAMPLES OF ELEMENTS OF PCK 

(Student reasoning and formative assessment)

Activities on pages 9-14 are taken from the “The Physics Active Learning Guide” by A. Van Heuvelen and Eugenia Etkina, Addison Wesley, San Francisco, 2006.

Student reasoning

1.3 Describing Interactions: Qualitative Concept Building and Testing 

1.3.1 Observe and represent Pick up a tennis ball and hold it in your hand. Now pick up a bowling ball and hold it. 

(a) Fill in the table that follows by representing each situation. When labeling the forces, use two subscripts: first for the object that exerts a force on the object of interest, second for the object of interest. For example, the force that the hand exerts on the ball can be written as 
[image: image1.wmf].

	Sketch the situation.
	List all the objects that interact with the ball. 
	Represent the ball with a dot (a point particle) and represent with an arrow each interaction of another object with the ball. Connect the tails of the arrows to the dot.   Label each force arrow with subscripts, indicating the other object causing the interaction and the object on which the force was exerted.

	Tennis ball


	
	

	Bowling ball


	
	


(b) Discuss the lengths of the arrows on diagram. Did you draw arrows of the same length on each diagram? Why or why not?

1.3.2 Observe and represent Sahana continuously pushes a bowling ball with a board. The ball starts at rest and moves faster and faster because of the pushing. Fill in the table that follows. 

	Sketch the situation.
	List all of the objects that interact with the bowling ball while being pushed.
	Represent the ball with a dot (a point particle) and represent with an arrow each interaction of another object with the ball. Connect the tails of the arrows to the dot.  Label the force arrows with subscripts indicating the other objects causing the interaction and the object on which they exert forces. 
	Indicate what forces “cancel” or “balance” each other and explain why. Indicate if there is an “unbalanced” force.

	
	
	
	


1.3.3 Observe and represent Imagine that a friend drops a medicine ball and it falls straight down. You catch it before it touches the ground. Consider the motion of the ball after it touches your hands (the ball’s downward speed decreases as your hands stop it). Fill in the table that follows. 

	Sketch the situation.
	List all of the objects that interact with the ball after it touches your hand.
	Represent the ball with a dot (a point particle) and represent with an arrow each interaction of another object with the ball. Connect the tails of the arrows to the dot.  Label the force arrows with two subscripts indicating the other object causing the interaction and the object on which the force was exerted. 
	Examine the relative lengths of the force arrows and indicate whether they balance each other. If not, indicate the direction of the unbalanced force.

	
	
	
	


Reasoning Skills: Constructing a Free-Body Diagram

A free-body diagram is another example of a physical representation used by physicists while analyzing the forces exerted on objects by other objects. It is used not only in mechanics but in other fields of physics where forces are important. Below we show the steps that you need to follow to draw the free-body diagram of a box that you pull with a rope along a rough surface. Follow the steps of the procedure in the order indicated.

1. Sketch the situation described in the problem. 

2. Circle an object (objects) of interest in the sketch—we call this the system. 

3. Model the system as a particle (if the object is somewhat smaller than the situation being described or if all of its points move in the same way). Place at the side of the sketch a “particle” dot to represent the system.

4. Look for objects outside the system (external objects) that interact with the system. Decide what objects are important and what objects are not (e.g., perhaps the surfaces are smooth and you can neglect friction).

5. Draw force arrows that represent the external interactions that affect the behavior of the system object. Draw the tails of these force arrows beginning on the particle dot. Draw the lengths of the arrows to represent the relative magnitudes of the forces. For example, if two people are pushing on the same box, the arrow representing the force exerted by the person who pushes harder should be longer.

6. Label the forces in the diagram. Note: The forces in the diagram should represent the force that some object outside the system exerts on the object inside the system. To start, identify the external object that causes each force and also the object on which the force is exerted (for example, 
[image: image2.wmf]R on B means the force that the rope exerts on the system object--in this case the box).  Surfaces can exert two forces, one perpendicular to the surface and the other parallel (friction). The Earth pulls down on objects without touching them. We label this force 
[image: image3.wmf]E on B.

[image: image14.wmf]1. Sketch the situation described in the problem. 

1.3.4 Reason 

(a) Use a piece of graph paper to redraw the free-body diagram from the skills box. Count the number of length units for each arrow in the vertical and horizontal directions. If the arrow is positioned at an angle, you need to count both horizontal and vertical units. 

(b) Then decide whether all vertical units balance and all horizontal units balance. If not, draw the direction of the unbalanced force. Discuss whether the result is reasonable.
1.3.5 Observe and find a pattern Perform or observe the following experiments and then fill in the table that follows. 

	Experiment
	Sketch a motion diagram for the cart.
	Draw a free-body diagram for the cart.

	 (a) Steadily push the back of a low-friction cart along a smooth surface so that it moves faster and faster.
	
	

	 (b) Stop pushing the cart and let it coast. The cart does not slow down.
	
	

	(c) Push gently on the front of the moving cart so that it moves slower and slower and eventually stops. 
	
	


(d) Is there a pattern in the directions of the unbalanced force that other objects exert on the cart and in the directions of the 
[image: image4.wmf] arrows? Is there a pattern in the directions of the unbalanced force that other objects exert on the cart and the directions of the 
[image: image5.wmf] arrows on the motion diagrams? 

(e) Use the pattern that you found to formulate a statement relating the free-body diagram to the motion diagram. 
Formative assessment
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Formative assessment

Reasoning Skill: Estimate the Direction of Acceleration During Two-Dimensional Motion 

The step-by-step numbered instructions below will help you learn how to estimate the direction of the average acceleration of an object at some point along its path in two dimensions. The method uses the definition of acceleration: The average acceleration of an object at some point along its motion is a vector quantity equal to the change in velocity of the object from just before that point to just after the point divided by the time interval during which the velocity changed. Initial and final points are close to each other. Make sure you follow the steps in the recommended order and actually draw all of the velocity, velocity change, and acceleration vectors yourself when using the method. 
[image: image19.wmf]
Tips  

--Velocity changes (an acceleration) if the magnitude of the velocity changes (a speed change) and/or if the direction of the velocity changes. 
 --When using the above skill, make sure that you:

· draw initial and final velocity arrows that are tangent to the circle,

· draw the velocity change arrow from the head of the initial arrow to the head of the final arrow, and
· [image: image20.wmf]draw pictures and diagrams large enough and with enough detail  to see what is happening.
4.2.1 Represent and reason An object moves at constant speed in a circle. 

(a) Determine its acceleration direction at each of the four positions shown in the illustration. Use the reasoning skill above. Carefully choose points for initial and final velocity.

(b) Is there a pattern in the directions of acceleration? If so, what is it?

[image: image21.wmf]4.2.2 Represent and reason Imagine that a golf cart moves on a level path around a curve shown in the top-view diagram to the right. For each situation below, use the graphical velocity subtraction method to estimate which arrow is closest to the direction of the cart’s acceleration when passing the midpoint P.

(a) The cart moves at constant speed.

(b) The cart’s speed is decreasing.
(c) The cart’s speed is increasing rapidly.
[image: image22.wmf]4.2.3 Represent and reason A battery-powered toy car moves at constant speed across the top of a circular hump, as shown in the illustration to the right. Fill in the table that follows.

	Indicate the direction of the acceleration of the car at the top of the hump.
	Draw a free-body diagram for the car when passing across the top of the hump. Make the force arrows the correct relative lengths.
	Write in words if the results of the first two cells of this table are consistent with Newton’s second law. 

	
	
	


17.4.5 Equation jeopardy Two processes are represented mathematically below, using Newton’s second law. Fill in the table that follows to describe the processes in other ways.

	Mathematical representation
	Construct a physical representation.
	Sketch the situation.
	Write a description of the problem in words.

	(1.6x10–19C)(2.0x107m/s)B =  (1.67x10–27kg)(2.0x107m/s)2 / (6000 m)
	
	
	

	0.020 N  =  (0.020 A)(0.10 T)(20 m)(0.50) 


	
	
	


HELPING BUILD YOUR OWN PCK

Content representations

	
	Force

	What do you intend the students to learn about this idea


	

	Why is it important for students to know this?


	

	What else do you know about this idea (that you do not want your students to know yet)


	

	Difficulties/limitations connected with teaching of this idea


	

	Knowledge of student thinking that influences your teaching of this idea


	

	Knowledge of potential language difficulties that influences your teaching of this idea
	

	Knowledge of useful representations that influences your teaching of this idea 


	

	Knowledge of useful experiments that influences your choice of observations or testing for teaching this particular idea
	

	Specific ways of assessing students’ understanding or difficulties with this idea (include typical responses)


	


HELPING FUTURE PHYSICS TEACHERS BUILD THEIR PCK
A possible framework for a physics teacher preparation program

1. Future teachers learn physics through the same methods that they should use when teaching. 

2. They acquire knowledge of how people learn and how they learn physics and reflect on their own learning (planning, executing and assessing for all major physics ideas).

3. They engage in teaching in environments that mirror the environments that we want them to create later (clinical practice).

4. Future physics teachers master the technology that they can use in the classroom and acquire methods of updating their knowledge and skills.

5. They learn ways to engage their students in actual scientific practices.

Description of the Rutgers MS Ed program preparing physics teachers (who already have an undergraduate in physics, chemistry or engineering)

Total of 45 credits

Course work in general education:

Educational Psychology -3 credits

Individual and Cultural Diversity – 3 credits

Classroom Management – 1 credit

Assessment and Measurement – 2 credits

Student Teaching – 9 credits

Ethics – 3 credits

The rest of the program is dedicated to the PCK.

Development of Ideas in Physical Science – 3 credits

Teaching Physical Science – 3 credits

Technology in Science Education – 3 credits

Research Internship in X-ray Astrophysics – 3 credits

Teaching Internship Seminar – 3 credits

Multiple Representation in Physical Science – 3 credits

Clinical practice

THE NEXT SEVERAL PAGES ARE OCCUPIED BY THE COURSE SYLLABI FOR THE SEQUENCE OF COURSES THAT HAS A GOAL OF HELPING PRE-SERVICE PHYSICS TEACHERS BUILD THEIR PCK.

EXAMINE ONE OF THE SYLLABI CAREFULLY AND PREPARE TO ANSWER THE FOLLOWING QUESTIONS:

1. WHAT ASPECTS OF THE PCK OR PHYSICS CONTENT KNOWLEDGE DOES THE COURSE ADDRESS?

2. HOW IS COGNITIVE APPRENTICESHIP EMBEDDED IN THE COURSE?

3. HOW IS FORMATIVE ASSESSMENT EMBEDDED IN THE COURSE?

4. HOW IS MASTERY LEARNING IMBEDDED IN THE COURSE?

5. HOW IS INQUIRY EMBEDDED IN THE COURSE?

6. HOW DOES SUMMATIVE ASSESSMENT ADDRESS THE GOALS OF THE COURSE?

INVESTIGATIVE SCIENCE LEARNING ENVIRONMENT

ISLE

[image: image23.wmf][image: image24.wmf](ETKINA & VAN HEUVELEN)

Description of PCK courses

The main threads running through physics-related methods courses and clinical practice are the epistemology of physics, physics reasoning, formative assessment (assessment of student work in the process of learning), and reflection on learning. Although students have (or are finishing) an undergraduate degree in the discipline, they usually learned the subject through traditional lecture-based instruction and not through the methods that they will need to use when they themselves teach. Thus, in all courses pre-service teachers re-learn (re-examine) physics ideas via the methods that they can later use with their students. In particular, we use a framework of the Investigative Science Learning Environment (ISLE). 

ISLE is a comprehensive (involves all parts of the course) physics learning system that replicates some of the processes that scientists use to construct knowledge. In each conceptual unit students construct concepts by analyzing patterns in experimental data and then test their ideas by using their own concepts to predict the outcomes of new experiments (that they often design). When students first encounter a new phenomenon, they use their own language to describe and explain it and only later, when they feel comfortable with their explanations, the instructor tells them about scientific language and accepted models. ISLE uses a combination of inductive, hypothetico-deductive and analogical reasoning, which are types of reasoning most commonly used by scientists
. In addition, ISLE explicitly focuses on helping students learn how to represent ideas in multiple ways. Many activities that students perform after they construct an idea consist of representing a physical process in different ways—sketches, diagrams, graphs, data tables, and mathematical equations... The labs involve student design of their own experiments without a recipe. In summary, the features of ISLE match closely the guided inquiry-style teaching that the National Science Education Standards encourage teachers to employ
. ISLE is used in high school and college physics classes. 

In the physics methods courses, future teachers, guided by the ISLE sequence, learn to select phenomena for their students to first observe and later explain. They learn to design experiments to test explanations and to use hypothetico-deductive reasoning to make explicit predictions of the outcomes of the testing experiments
. In other words, they engage in scientific investigations and by doing this learn how to engage their future students in similar activities. They participate in a learning process that we want them to model in the future. There is a serious focus on formative assessment and feedback; when a student completes any assignment, she/he receives feedback suggesting improvements and subsequently revises the assignment. In all courses students teach a lesson in class – the lesson plan receives multiple feedback before it is conducted. In each class meeting, students reflect on the methods that were implemented. However, it is important to note that class work is not the only exposure to PCK that future teachers get in the program. They apply what they learn in classes during clinical practice: in the first year they teach recitations and labs in ISLE reformed university courses under a supervision of the program faculty. In the summer they observe program faculty teaching high school students using the ISLE method and reflect on their experiences. In the fall of the second year, pre-service teachers do student teaching. There they design and implement their own lessons. This progression of more and more independent teaching is based on the theory of cognitive apprenticeship
.  

Physics teaching methods courses

Development of Ideas in Physical Science (1st year, fall semester) – students learn the processes that scientists used to construct concepts and relationships that make up the content of physics courses in a high school. For example, how did scientists figure out the size of Earth, how did they learn that objects fall with constant acceleration, how did they decide what quantity should be called a force, how did they decide that kinetic energy is 
[image: image6.wmf] and not 
[image: image7.wmf], and where did they get the idea of molecules? 

Students learn to distinguish between experimental work, theoretical explanations and modeling, and testing of explanations. They read and discuss original texts, replicate classical experiments and learn to adapt them for a high school setting. Students learn about the personalities of the scientists who were involved in the construction of an idea and consequently encounter all the difficulties and the drama of scientists doing science at that time in that country while surrounded by their contemporaries. Simultaneously, they learn how historic difficulties that scientists experienced in the process of struggling with a new idea resemble the difficulties that their students will have mastering the concept (based on the PER findings). Every week they write a journal in which they describe how a particular idea, discussed in class that week, was developed by scientists. In their journal they need to specify whether that piece of knowledge was based on experimental evidence, or whether it was a product of reasoning (or sometimes simply a definition). They also need to find whether scientists ever used the idea to make a prediction of the outcomes of new experiments, and how the outcomes affected the acceptance or rejection of the idea
. 

In the second half of the course, after having some experience with the analysis of the history coupled with epistemology and physics content, the students complete their own project where they trace the historical development of a new idea, for example, the ideal gas law, or elementary charge, or a photon. As a part of the project they design and teach a 2-hour lesson that engages high school students in the construction of a particular concept following a historical sequence of events (for example, a historical sequence of investigations of cathode rays that helped shape the concept of the electron). They enact a story telling piece (as a mini-play) about the life of one of the physicists involved in the development of that idea. The students design the lesson, receive feedback, revise it, and only then teach it in class.

Teaching Physical Science (1st year, spring semester) -- students re-learn and re-examine the physics curriculum again through the lens of inquiry-based interactive teaching methods. They participate as students in ISLE-based physics lessons 
 and then reflect on their experiences. They also investigate other physics curricula and resources: tutorials, interactive demonstrations, workshop physics
, TIPERs
, ActivPhysics
, etc., master different methods of assessing their students and discuss the difficulties that high school students might have with various concepts
. At home, students write reflective journals reconstructing class experiences
. They design a curriculum unit (Electrostatics for example) and a lesson that is a part of that unit. They go through the same process; they first attempt the unit and the lesson on their own (working in groups), receive feedback from the instructor, revise, rehearse the lesson and then teach it in class. Students also attend a 6-hour RTOP
 workshop learning how to use the instrument to evaluate their own teaching. 

The course ends with an oral exam during which students need to present in class their thoughts about helping students learn and assess their learning of a particular concept. A month prior to the exam they receive a list of 30 questions related to teaching of physics that were or will be addressed in the course. For example, “What should your students know about friction? How will they learn it? How will you assess their learning?” During the exam students are assigned randomly to present answers to two of them. The purpose of the exam is to engage students in a cooperative preparation (as it is almost impossible for one person to prepare all 30 questions). They meet on a regular basis, exchange their ideas, and share responsibilities to prepare the answers. They use the electronic discussion board and hold their own review sessions. Preparation for the exam usually starts building a community that will later support the future teachers when they do student teaching, search for jobs, go through the interview process, and later when they leave the program and become teachers.

There is another aspect of the course that needs to be mentioned. Once a week for 10 weeks students attend a high school observing different science lessons and assessing them using the RTOP protocol. In class meetings they reflect on their experiences. This process prepares them for student-teaching during the next fall.
Demonstration and Technology in Science Education (1st year, spring semester) – students learn how to use computer interfaces to collect and analyze data, videotape physics experiments, design webpages and use them in the classroom. They learn about available technology-based physics learning software such as ActivPhysics, Phet, etc. There are two final projects. One project is to make a movie of a physics experiment and embed it into a lesson. The second project is to design and teach a lesson involving computer-based data collection and analysis (for example using a temperature and a pressure probe to help students construct an idea of absolute zero). 

Research Internship in X-ray Astrophysics (summer after 1st year) –the future teachers observe high school juniors learning physics/astrophysics via ISLE methods in preparation for conducting research in X-ray astrophysics (the program is called Rutgers Astrophysics Institute
).  There are three major goals of this course: (a) pre-service teachers witness the teaching method in action and see how high school students respond to it; (b) they learn how to conduct research using public-accessible NASA data bases  (this work is done with a university faculty involved the X-ray research); (c) the philosophy of X-ray research process closely resembles the ISLE philosophy, which allows students to connect the history of physics to the curriculum development and to contemporary science. 

During the one-month program in the summer, pre-service teachers work with high school students on the problems, listen to their group discussions and record how students respond to different class situations. They simultaneously learn the content that involves stellar evolution, X-ray production, new computer operating systems, data analysis methods, etc. At the end of each 6-hour day they reflect in a group discussion on what happened in class that day. Then at home they write a reflective journal where they describe: what they learned in terms of physics and astrophysics, how they learned it, and what they learned in terms of teaching. They also write two observation papers: one of an individual student over an extended period of time and the other one of a group of students working though one day’s assignments. They need to learn about student personalities, observe how the same student responds differently when working in different groups, what difficulties this particular student experiences and is her/his style of learning. They also need to observe and record group dynamics, interactions, etc. At the end of the course pre-service teachers devise a course syllabus for a potential research course. 

Student Teaching Internship Seminar (2nd year, fall semester) - accompanies student teaching. In their student teaching, students first spend two weeks observing lessons taught by their cooperating teacher, reflecting on their experiences, and planning their future teaching. They often use RTOP to assess the lessons. Then, they start teaching and every week in the seminar reflect on their experiences, share problems, and learn more about teaching strategies for the specific topics that they are teaching. A part of the seminar course work is using RTOP to evaluate  every lesson that they teach and explaining why a particular score was assigned. Students also design a curriculum unit and lessons, receive feedback and use these materials directly in their student teaching experience. They create a teaching portfolio to use when applying for a job, including their teaching philosophy statement. 

Student teaching becomes a challenging experience for some. Those who are placed with teachers who follow traditional methods often have difficulties convincing the cooperating teachers that it is ok to let students struggle, that working in groups will not ruin the discipline, and that they can “cover” the required content. We try to place students with the teachers who are graduates of the program, but it is not always possible. The seminar thus is vital to reduce anxiety and help students tackle these problems. Another support often comes from the virtual discussion group started in the spring of the previous year. Students post their questions, worries, concerns and their peers respond instantly with suggestions, support and just warm notes of encouragement. Often a question about physics arises and then again, students work together figuring it out. Sometimes one day brings 8-10 postings on the discussion board.
Multiple Representations in Physical Science (2nd year spring semester) –helps students reexamine physics though the lens of different representations and learn how to apply these representations to solve problems. In physics these are motions diagrams, free-body diagrams, momentum and energy bar-charts
, etc.  They study research articles examining the role of different representations in learning science; they think of how their future pupils will learn to use them for problem solving, they create multiple representation tasks and rubrics for assessment. A great deal of class time is dedicated to solving complex problems and practicing different problem solving strategies. The purpose of this focus is not only to help pre-service teachers practice solving problems that they will later use with their students but also to spend enough time practicing expert-like problem solving strategies to replace “finding-the-right-formula approach” that they develop in undergraduate courses. Pre-service teachers design a lesson dedicated to problem solving that involves the use of a particular representation. For example, students design a problem-solving lesson dedicated to the concepts of energy and momentum conservation. They devise a sequence of activities that starts from simple tasks involving representing different situations with momentum and energy bar charts, then move to more complex problems involving one of the principles of conservation and mathematics and finally finish with a multi-step problem that uses both the concepts of energy and momentum. Their lesson plan receives feedback from the instructor; then they revise it, and finally teach the lesson in class. These lessons now resemble the lessons of expert teachers much more than the lessons that students taught in the “Development of Ideas in Physical Science Class” almost two years prior.  The response of their peers during the reflection on the lesson is also different; they can see the details of the interactions that occurred during the lesson, offer constructive suggestions and explain the reasons for difficult moments.

Clinical practice (teaching) has a strong emphasis in the program.  In the fist year students teach recitations and labs in reformed interactive-engagement physics courses; in the summer they work with high school students in the Rutgers Astrophysics Institute. In the second year they do four months of student teaching, often being placed with the graduates of the program, who can reinforce what students are learning.

In summary, the sequence of physics teaching methods courses combined with clinical practice offers students an opportunity  

· to re-learn physics content knowledge in a science-like environment, 

· to learn how to help their future students construct understanding of physics concepts in similar environment;

· to  learn how to use  the advantages of contemporary technology while teaching physics;

· to engage high school student in authentic research; 

· to build expert-like problem solving skills, and 

· to practice this new, reformed style of instruction with students of different ages with different degrees of autonomy.
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1. Draw initial velocity arrow � EMBED Equation.3  ���i tangent to the curve just before the point





2. Draw final velocity arrow � EMBED Equation.3  ���f tangent to the curve just after the point.





Estimate the acceleration direction as the object passes this point.





3. Place velocity arrows tail to tail.





4. Draw velocity change arrow � EMBED Equation.3  ��� from the head of � EMBED Equation.3  ���i to the head of � EMBED Equation.3  ���f.





5. Acceleration � EMBED Equation.3  ��� is in direction of the velocity change � EMBED Equation.3  ��� and has magnitude � EMBED Equation.3  ���/t. 
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2. Circle the object of interest—the system





SKETCH





� EMBED Equation.3  ��� 





� EMBED Equation.3  ���S on B 





� EMBED Equation.3  ���R on B





� EMBED Equation.3  ���E on B





FREE-BODY DIAGRAM





x











y





3. Place a dot representing the box on the side.





4. External interaction, surface touches 


bottom of box





4. External interaction, Earth pulls down on box





4. External interaction, rope outside system pulls on rope inside system





5. Draw forces to represent interactions, watch the length of arrows.





6. Label the forces





Learning gains due to formative assessment are 


the highest for all instructional interventions 





PRACTICAL APPLICATIONS





HOW CAN YOU GET THERE?





WHERE ARE 


YOU NOW?





WHERE DO


YOU NEED TO GO?





MORE TESTING EXPERIMENTS





COLLECT MORE 





CHECK THE VALIDITY OF ASSUMPTIONS; IMPROVE THE SET-UP





PROPOSE A DIFFERENT





CHECK THE DATA COLLECTION PROCESS;


CHECK THE VALIDITY OF ASSUMPTIONS;


REVISE THE EXPLANATION





NO





YES





TESTING EXPERIMENTS:


 COMPARING THE OUTCOE WITH THE PREDICTION BASED ON THE EXPLANATIONS/RELATION





PREDICTION





ADDITIONAL ASSUMPTIONS





PATTERNS





OBSERVATIONAL EXPERIMENTS, DATA COLLECTION AND ANALYSIS USING MULTIPLE REPRESENTATIONS





QUALITATIVE EXPLANATION (MECHANISM) OR A RELATION BETWEEN PHYSICAL QUANTITIES
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