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WORKSHOP SCHEDULE

1. Welcome and introductions – 8.00 – 8.15 am. 

2. Physics and process while learning circular motion – 8.15 am – 10.00 am. 

3. Needs of the students and the ALG– 10.00 AM – 10.45 am

4. Investigative Science Learning Environment – 10.45-11 am.

5. Scientific abilities, formative assessment, rubrics – 11 am – 12 pm.

6. Video experiments and ISLE labs – 1 pm – 2 pm

7. Physics and process while learning electromagnetic induction – 2 – 3.30 pm.

8. ISLE exams – 3.30 – 4 pm.

9. Implementation – learning gains, challenges and practical pitfalls 4 – 5 pm.

10. Resources  (participants study this material on their own ( )

DETAILED SCHEDULE

1. INTRODUCTIONS

2. CIRCULAR MOTION

CD: To view the videos open the CD with “website teacher”, then click on idex.html (this will bring you to the opening page of the videos website).  Click on “Circular and rotational motion”, and then “circular motion” to view circular motion video cycles. Individual videos can be accessed through the “List of videos” – in the upper left corner. 

Internet: Go to http://paer.rutgers.edu/pt3, then Click on “Circular and rotational motion” and then “circular motion” to view circular motion video cycles. Individual videos can be accessed through the “List of videos” – in the upper left corner.

Observe

ALG 4.1.1 – videos  “David hits the ball” and “Eugenia skates in a circle”

Find a pattern

ALG 4.1.2 

Use the pattern to predict and test qualitatively

ALG 4.1.3 – videos “Ball constrained on a ring” and “Ball on a string”

ALG 4.1.4 – video “Pendulum suspended from the spring scale” 

Reason with multiple representations qualitatively

Study the Reasoning Skills: Estimate Direction of Acceleration on p. 4-9.

ALG 4.2.1 – devise general qualitative rule based on this and earlier activities 

ALG 4.2.3

Reason with multiple representations quantitatively
ALG 4.3.1 – how does acceleration depend on v?

ALG 4.3.2 – how does acceleration depend on r? 

Predict and test quantitatively
ALG 4.3.3 – video “Whirlygig”

Review Problem Solving Strategy: Circular Motion p. 4-16

ALG 4.4.1

ALG 4.4.6

ALG 4.4.7

3. NEEDS OF STUDENTS AND THE ALG

21st Century Goals for Physics Courses
Studies about the Desired Outcomes of 21st Century Science, Engineering and Technology Education

What knowledge and what abilities are needed to succeed in this 21st century workplace? This question has been addressed by individual research studies examining the need for various process abilities and for declarative knowledge of people in that workplace.
,
,
,
 Duggan and Gott
 studied the science used by employees in five science-based industries: a chemical plant specializing in cosmetics and pharmaceuticals, a biotechnology firm specializing in medical diagnostic kits, an environmental analysis lab, an engineering company manufacturing pumps for the petrochemical industry, and an arable farm. They found that most of the scientific conceptual understanding used by employees was learned on the job, and not in high school or university courses. They concluded: “A secure knowledge of procedural understanding appeared to be critical.” 

Aikenhead
 summarized his own and other studies as follows: “In science-rich workplaces, procedural knowledge had a greater credence than declarative knowledge (Chin et al6), and employees consistently used concepts of evidence in their work to such an extent that Duggan and Gott10 concluded: procedural knowledge generally, and concepts of evidence specifically, lie at the heart of … science-based occupations.” In addition to individual research studies like these, there have been a plethora of national studies and reports concerning desired outcomes of science education.
,
,
,
,
 
The National Science Foundation Shaping the Future 1996 review of science, mathematics, engineering, and technology (SME&T) education2
· “It is important to assist students to learn not only science facts but, just as important, the methods and processes of research, what scientists and engineers do, how to make informed judgments about technical matters, and how to communicate the work in teams to solve complex problems.”

· “…all students learn these subjects by direct experience with the methods and processes of inquiry.”

· “…there is no disagreement that every student should be presented an opportunity to understand what science is, and is not, and to be involved in some way in scientific inquiry, not just “hands-on” experience.”

· “Research … suggests that working in groups in a cooperative setting produces greater growth in achievement than straining for relative gains in a competitive environment.”

·  “Also very important is the observation made by many, particularly employers, that a well-designed, active learning environment assists in the development of other skills and traits they seek in employees: cognitive skills (problem solving, decision-making, learning how to learn), social skills (communications and teamwork), and positive personal traits (adaptability and flexibility, openness to new ideas, empathy for ideas of others, innovative and entrepreneurial outlook, and a strong work ethic). This point has been made repeatedly in testimony at our hearings and in published studies and reports
.”

Section VII of the report contained a list of suggestions for SME&T faculty concerning teaching and learning. We provide below four of the ten items in that list.

C. Build into every course inquiry, the processes of science (or mathematics or engineering), a knowledge of what SME&T practitioners do, ….

D. Devise and use pedagogy that develops skills for communication, teamwork, critical thinking, and lifelong learning in each student.

E. Make methods of assessing student performance consistent with the goals and content of the course.

F. Start with the student’s experience; understand that the student may come with significantly incorrect notions; and relate the subject matter to things the student already knows.

National Science Education Standards

 These standards serve as a guide for K-12 science education. They recommend fundamental abilities of inquiry that students should acquire at different grade levels:

Grades 5-8:

· Identify questions that can be answered through scientific investigations.

· Design and conduct a scientific investigation.

· Use appropriate tools and techniques to gather, analyze, and interpret data.

· Develop descriptions, explanations, predictions, and models using evidence.

· Think critically and logically to make the relationships between evidence and explanations.

· Recognize and analyze alternative explanations and predictions.

· Communicate scientific procedures and explanations.

· Use mathematics in all aspects of scientific inquiry.

Grades 9-12:

+

· Use technology and mathematics to improve investigations and communications.

· Formulate and revise scientific explanations and models using logic and evidence.

· Recognize and analyze alternative explanations and models. 

· Communicate and defend a scientific argument.

National Academy of Sciences, “Taking Science to School: Learning and Teaching Science in Grades K-8”:
 The authors view “science as both a body of knowledge and an evidence-based, model-building enterprise that continually extends, refines, and revises knowledge.” The say: “Students who are proficient in science:

1. Know, use, and interpret scientific explanations of the natural world;

2. Generate and evaluate scientific evidence and explanations;

3. Understand the nature and development of scientific knowledge; and

4. Participate productively in scientific practices and discourse.”

Later the report says: “… quality instruction should promote a sense of science as a process of building and improving knowledge and understanding. Students should have experiences in generating researchable questions, designing methods of answering them, conduction of data analysis, and debating interpretations of data.”
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ACTIVE LEARNING GUIDE ACTIVITIES, FLUID STATICS

10.1 Qualitative Concept Building and Testing
[image: image3.wmf]10.1.1 Observe and explain A 32-oz open bottle full of water is punctured in four spots with thumbtacks. When the thumbtacks are removed from the bottle, narrow streams of water leave the bottle in identically shaped arcs perpendicular to the bottle’s surface, as shown.  

(a) What do you need to assume about the pressure inside water at the level of the thumbtacks in order to explain the way water shoots out of the four holes?  

(b) Explain using your knowledge of the random motion of molecules why the water pressure is as described above.

[image: image4.wmf]
10.1.2 Observe and explain An open bottle of water is punctured with thumbtacks. When the thumbtacks are removed, the water streaming out of the holes follows paths such as shown in the illustration at the right. To help explain this experiment, imagine dividing the liquid in the bottle into horizontal layers and examine the forces that layers exert on each other. Fill in the table that follows. 
	Draw force arrows to indicate the force that layer 1 exerts on layer 2; layer 2 exerts on layer 3 and layer 3 exerts on layer 4. Indicate the relative magnitudes of the forces by the lengths of the arrows.
	Draw force arrows to indicate the force that layer 4 exerts on layer 3; layer 3 on layer 2, and layer 2 on layer 1. Indicate the relative magnitudes of the forces by the lengths of the arrows.
	Draw arrows representing the pressure that the liquid exerts on very small surfaces inside the liquid shown below. Remember that liquids exert pressure in all directions.
	 Use the drawings in this table to help explain the experiment illustrated above.

	[image: image5.wmf]
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10.1.3 Predict and test Use the explanation that you constructed in Activity 10.1.2 to predict what happens if you take the same bottle, close the lid, and then remove only the top and the bottom tacks. After you complete your prediction, perform the experiment to test it.

	Predict the outcome.
	Write an explanation for your prediction. 
	Perform the experiment; record the outcome.
	Make a judgment about the explanation that you used to make a prediction: was it supported or not? 

	
	
	
	


10.1.4 Test explanation Connect a pressure sensor to a computer, fill a beaker with water, and find a ruler. 
(a) Describe an experiment that you can perform with this equipment to test the idea that fluids (liquids and gases) exert the same pressure on a surface at a particular depth in the fluid, independent of how that surface is oriented. 

	Draw a picture of the experiment apparatus.
	Describe the experiment.
	Use the idea that fluids exert the same pressure at a particular depth independently of orientation of the surface to predict the outcome of the experiment.
	Perform the experiment; record the outcome and indicate in writing if the idea is correct. 

	
	
	
	


(b) Describe any reasons why fluids (liquids and gases) exert the same pressure on a surface at a particular depth in the fluid, independent of how that surface is oriented.

(c) Describe everyday observations that are consistent with this idea. 

10.1.5 Observe and explain You can lift objects immersed in water that are too heavy to lift when in the air (for example, you can easily hold your friend in a pool). Use the ideas developed in Activities 10.1.1 and 10.1.2 to explain this experience. Draw a free-body diagram to support your explanation.

10.1.6 Predict and test Hang a big, empty plastic bottle from a spring; the spring stretches. Joshua says that the spring stretches because the air pushes down on the bottle. Taisha disagrees. She thinks that the air pushes up similar to the water pushing up on a person in the pool, and the spring stretches due to the Earth pulling down on the bottle. —How can you test whose idea makes more sense? You have the equipment shown below. Fill in the table that follows.


Vacuum jar
	Describe your experiment in words.
	Predict the outcome based on Joshua’s hypothesis.
	Predict the outcome based on Taisha’s hypothesis.
	Perform the experiment; record the outcome of the experiment and decide whose hypothesis needs to be rejected

	
	
	
	Outcome:

Hypothesis to be rejected:




10.2 Conceptual Reasoning 

10.2.2 Represent and reason An open container is filled with water. Imagine that you select three small portions of the water as three systems for analysis. In the table that follows draw free-body diagrams for each section. Try to make the force arrows the correct relative lengths.

	Draw a free-body diagram for 1.
	Draw a free-body diagram for 2.
	Draw a free-body diagram for 3.

	
	
	


10.3 Quantitative Concept Building and Testing


10.3.3 Observe and explain You slowly lower a pressure gauge into a lake and measure the pressure at different depths in the water (see the table). Fill the table that follows.

	Construct a graph of pressure-versus-depth.
	Based on the graph line, write a relationship between pressure and the distance below the surface of the water.
	Explain the relationship.

	
	
	


10.3.4 Observe and explain You repeat the previous experiment but this time in ocean water. The table shows the readings of the pressure gauge. 
Explain why the readings are different from the readings in 10.3.3.

10.3.5 Predict and test Two of your friends disagree on how the pressure in a liquid depends on different physical quantities. Ari thinks that the pressure depends only on the depth – the deeper you go in the same liquid, the higher the pressure. Maria thinks that the amount of liquid above the level at which one measures the pressure matters--in a narrow, graduated cylinder the pressure at the same distance from the top is less than in a large container at the same distance from the top. Fill in the table that follows to decide which friend is wrong. 
	Describe an experiment you can perform to find out whose idea is incorrect.
	Make a list of equipment that you might need.
	Predict the outcome of the experiment based on each hypothesis.
	Perform the experiment; record the outcome and decide whose hypothesis was not supported. 



	
	
	If Ari is correct, then


	

	
	
	If Maria is correct, then


	


10.3.6 Observe and explain A 2.0-kg block, one made of aluminum is attached to a Newton spring scale and is slowly lowered into water in a graduated cylinder. The experiment is repeated only this time with a 2.0-kg copper block. The readings of the scales, and the readings of the water level at the top surface of the water in the cylinder are shown in the table below. 

	Scale reading for the aluminum block.
	Water level in the graduated cylinder.
	Volume of the aluminum block under the water.
	Scale reading for the copper block.
	Water level in the graduated cylinder.
	Volume of the copper block under the water

	19.60 N
	200 ml
	0
	19.60 N
	200 ml
	0

	19.10 N
	250 ml
	50 ml
	19.10 N
	250 ml
	50 ml

	18.60 N
	300 ml
	100 ml
	18.60 N
	300 ml
	100 ml

	18.10 N
	350 ml
	150 ml
	18.10 N
	350 ml
	150 ml

	17.60 N
	400 ml
	200 ml
	17.60 N
	400 ml
	200 ml

	15.60 N
	600 ml
	400 ml
	17.36 N
	424 ml
	224 ml (just submerged)

	13.60 N
	800 ml
	600 ml
	17.36 N
	424 ml
	224 ml (deeper in water)

	12.20 N
	940 ml
	740 ml (just submerged)
	17.36 N
	424 ml
	224 ml (even deeper)

	12.20 N
	940 ml
	740 ml (deeper in water)
	17.36 N
	424 ml
	224 ml (even deeper)


 (a) Use the data in the above table to find a pattern in the amount of upward force that the water exerts on each block. Hint: Remember that the density of water is a 1000 kg/m3. 

(b) After the copper block is completely submerged, the scale reads 17.36 N. After the aluminum block is completely submerged, the scale reads 12.20 N. Both readings do not change when the blocks are lowered deeper under the water. Explain these results using the pattern that you found in (a).

10.3.7 Observe and explain The experiment described in the previous problem was repeated again but this time the blocks were lowered into vegetable oil. 

	Scale reading for the aluminum block.
	Oil level in the graduated cylinder.
	Volume of the aluminum block under the oil.
	Scale reading for the copper block.
	Oil level in the graduated cylinder.
	Volume of the copper block under the oil.

	19.60 N
	200 ml
	0
	19.60 N
	200 ml
	0

	19.16 N
	250 ml
	50 ml
	19.16 N
	250 ml
	50 ml

	18.70 N
	300 ml
	100 ml
	18.70 N
	300 ml
	100 ml

	18.26 N
	350 ml
	150 ml
	18.26 N
	350 ml
	150 ml

	17.80 N
	400 ml
	200 ml
	17.80 N
	400 ml
	200 ml


Use the data to find a pattern in the amount of upward force that the oil exerts on each block. Hint: Remember that the density of oil is 900 kg/m3.
10.3.8 Explain 

(a) In Activities 10.3.6 and 10.3.7 what pattern emerged between the volume of the object under water and the effect of the fluid in supporting the object? 

(b) Use this pattern to devise an expression for the lifting force exerted by a liquid on an object partly or totally submerged in the liquid. 
10.3.9 Predict and Test Use a spring scale to measure the force that the Earth exerts on a steel block when it is suspended in the air. 
(a) Fill in the table that follows to predict the scale reading when you hang the block completely submerged in water of density 1000 kg/m3.  
	Record the spring scale reading in the air.
	List the quantities that you need to measure to predict the reading of the scale when the block is submerged in water.
	Write a procedure to predict the outcome. Explain your assumptions. 
	Predict the scale reading when the block is completely submerged.
	Perform the experiment; record the actual value and then reconcile it with your prediction. 

	
	
	
	
	


(b) Will the reading change if you continue lowering the block deeper into the water? Explain.

10.3.10 Predict and test 

(a) Use the values for the densities of water and oil to fill in the table that follows. 

	Predict what will happen if you pour water in a glass beaker partially filled with oil. 
	Explain your prediction. 
	Perform the experiment; record the results.

	
	
	


(b) Evaluate the results in the last column and decide whether you need to change the reasoning that you used to make the prediction.

10.3.12 Derive In Activities 10.3.6-10.3.11 you found that a fluid exerts an upward force on submerged objects. 

(a) Explain why the fluid pushes up on a submerged object.

(b) Explain why the fluid would be expected to exert an upward force on a submerged object that is equal to the force that the Earth exerts on the fluid displaced by the submerged object. Hint: Think about what the fluid supports when the object is not occupying that particular volume. 

10.4 Quantitative Reasoning

10.4.10 Equation Jeopardy Below we present the mathematical principles of fluids applied to various situations. Complete the table that follows. 

	Principles of fluids applied to a situation.
	Sketch a situation that might be described by the equation.
	Describe the situation in words.
	Draw a free-body diagram for an object of interest [(b) and (c) only].

	(a)

((1.6 x 105 N/m2)  –  

(1.0 x 105 N/m2)   

=   (1000 kg/m3)(9.8 

N/kg)(0.0 m – y1)
	
	
	

	(b)

F  +  (1000 kg/m3)(9.8 N/kg)(0.010 m3) 

– (24 kg)(9.8 N/kg)  =  0


	
	
	

	(c)

(1000 kg/m3)(9.8 N/kg)Vdisplaced water  –   

(24 kg)(9.8 N/kg)  =  0


	
	
	


10.4.11 [C or H] Evaluate the solution 
The problem: You slowly lift a 20-kg rock of density 2400 kg/m3 from the bottom of a lake near the shore. Determine the force that you must exert on the rock while lifting it while it is under the water. Assume that g = 10 N/kg. 

Proposed solution: Because you lift it slowly, the rock is not accelerating (a = 0). A sketch of the situation and a free-body diagram for the rock (the system) are shown. Applying the vertical component form of Newton’s second law, we find: 

+Fhr  –  Fg Er  =  0    or     Fhands   =  Fg  =  m g  =  (20 kg)(10 N/kg)  =  200 N. 

(a) Identify any missing elements/errors in the solution. 
(b) Provide a corrected solution if there are missing elements/errors.

10.4.15 Design an experiment You have a wooden block. Design and perform two experiments to determine its density. One of them should involve buoyancy. After you finish compare the results. Are they the same within experimental uncertainty? In your report describe both experiments and mathematical procedures in detail including the assumptions that you made in the mathematical procedure.  How would the assumptions affect the results?

Available equipment: large beaker, container with water, ruler, measuring tape, scale.

4. ISLE – Investigative Science Learning Environment (Fig. below) – students construct physics concepts and develop science process abilities emulating the processes that physicists use to construct knowledge. Focus on multiple representations of knowledge and hypothetico-deductive reasoning. Learning approach – cognitive apprenticeship (model proficiency – large room meetings, scaffold practice - recitations, slowly remove scaffolding - labs, engage in independent practice – projects, lab practical exams).

Hypothetico-deductive reasoning: If my idea is correct, and I do such and such, then such and such should happen. But it did not happen, therefore my idea is not correct. Or And it did happen therefore y idea has not been disproved yet. 

INVESTIGATIVE SCIENCE LEARNING ENVIRONMENT

ISLE



5. SCIENTIFIC ABILITIES, FORMATIVE ASSESSMENT, RUBRICS.

· The ability to represent physical processes in multiple ways;  

· The ability to design an experimental investigation; 

· The ability to collect and analyze data;

· The ability to devise and test a qualitative explanation (mechanism) or a quantitative relationship;

· The ability to modify an explanation (mechanism) or a quantitative relationship in light of new data;

· The ability to evaluate experimental predictions and outcomes, conceptual claims, problems solutions and models;

· The ability to communicate.

Formative assessment is assessment that is conducted during student learning to improve learning. There are two key elements of the formative assessment: FEEDBACK provided to the teacher by the student and by the teacher to the student; MODIFICATION of instruction based on this feedback. One way to have effective formative assessment is to have students self assess themselves.

Example: Scientific abilities: the ability to design an experimental investigation; 

the ability to collect and analyze data; the ability to devise and test a qualitative explanation (mechanism) or a quantitative relationship


You have a bar magnet, a circular coil, and a galvanometer. Your goal is to design as 

many experiments as possible to cause a current (also called ‘inducing a current’) in a 

coil of wire that is not connected to a battery.  

a) First, decide how you would set-up the experiment to detect if there is current in 

the coil. Hint: The galvanometer needle will deflect if a current flows through it.  

b) Draw a sketch for each experiment you perform. Briefly describe what you did. 

Indicate whether there was current induced in the coil or not.  

c) Develop a rule: Devise a preliminary rule that summarizes the list of conditions 

needed to induce a current in a coil. 
I. ISLE lab and video experiments

Here in the workshop we will do a video version of a real lab that our students do. You can follow the lab guidelines below. The only difference is that you will not need to perform the real experiment. 

On the video website Go to Energy, then to Energy and Momentum collisions, then to Finding the coefficient of friction. Your goal is to determine the coefficient of friction between the box and the table and produce a report describing your work. The relevant rubrics to help you write the report are: D4, D5, D7, D8, D9, G1, G2. When you finish the report, score your work using them. You can improve the report if your scores are not perfect before handing it in. If you need help using the rubrics, call the instructor.

Lab 8: Real-world application of physics

Learning goals of this lab

2. Use your physics knowledge to solve a complex problem.

3. Learn to make a scientific decision, evaluating your results in terms of uncertainties and assumptions.

Self-assessment

D4, D5; D7, D8, D9, G1; G2.

II. Application experiment: The rubber meets the road

The Forensics Lab of the New York City Police Department is interested in learning how to determine the coefficient of friction between two surfaces – the tires and the road. They need this information to help them relate the length of the skid marks to the speed of a vehicle before it started skidding.  Your lab group, as a part of an interview process for a lucrative contract with the NYPD, is asked to devise a procedure to determine the coefficient of friction between the tire rubber and the asphalt using a collision process. They also asked you to write a detailed report about the experiment so they can replicate it. 

You come up with a following prototype of the experiment with cheap materials: A pendulum bob swings down from a horizontal starting position and hits a box. The box slides across the table and eventually stops. This process resembles a car collision, and the distance that the box slides on the table is similar to the skidding of a car after a collision. You decide to make measurements concerning the above process and use your physics knowledge to determine the coefficient of kinetic friction between the box and the tabletop.

Available equipment: Cardboard box, pendulum with sand-filled balloon bob, guide rails for the box, protractor, duct tape, spring scale, meter stick and mass balance.
An additional resource (a video of the experiment) may be found at

http://paer.rutgers.edu/pt3/experiment.php?topicid=13&exptid=136
Consider the following when writing your report:

a) Start by making a rough plan for how you will solve the problem. In particular, divide the big problem into two or more smaller problems that each involves one basic physics idea. Write a brief outline of your procedure including a labeled sketch. Identify which physics ideas you need for each part. 

b) In the outline of your procedure, identify the physical quantities you will measure, and describe how you will measure each quantity. 

c) Construct free body diagrams, and energy and/or momentum bar charts wherever appropriate. 

d) Devise the mathematical procedure you will need to solve the problem.

e) List the assumptions about objects, interactions and processes you are making in the procedure. Discuss how the assumptions could affect your result.

f) List the possible sources of experimental uncertainty. Estimate the uncertainty in each measurement, calculate percentage uncertainties and see which measurement has the largest percentage uncertainty. How can these uncertainties be minimized? 

g) Perform the experiment, do the measurements, and record the data.

h) Use the mathematical procedure you devised to calculate the quantities you need to solve the problem. What is the outcome of the experiment? What is the uncertainty in your final result?  Decide if you can use the Weakest Link rule to answer the questions. 

i) As you know by now, it is important that you design two experiments to determine a quantity to make sure the answer is reasonable. Devise an independent method to determine the coefficient of friction between the table and the desktop. You may recall a method you used in a lab before. As usual, include in your write-up: experimental procedure, mathematical procedure, assumptions, uncertainties and so on.  Afterwards, compare the two independent measurements. Indicate whether they agree or disagree. If they disagree, suggest possible reasons in terms the validity of your assumptions. Be specific. 

j) If your experiments are not close to each other within experimental uncertainty, perform the experiment again taking steps to improve your design or think of the assumptions you made about the collision – are they valid in this case? Do you need to change your assumptions? 

k) Explain how knowing the coefficient of friction between the tire and the road helps the police department to determine the speed of a vehicle before the collision using the length of skid marks.
7. ELECTROMAGNETIC INDUCTION

To access videos go to Electricity and Magnetism and then to Electromagnetic induction.

Observe and find a pattern

ALG 18.1.1 – video Magnet, coil and galvanometer,

Predict using the pattern and test

ALG 18.1.2 – Two coils, battery and galvanometer

ALG 18.1.3 

ALG 18.1.4 

Observe and find a pattern

ALG 18.1.5 – Magnet coil and galvanometer, magnitude of the induced current

Observe and find a pattern
ALG 18.1.6 – Calibration of the galvanometer, Direction of the induced current

ALG 18.2.2  

Reason with multiple representations quantitatively
ALG 18.3.1

ALG 18.4.2

ALG 18.4.3

ALG 18.4.4

Review Problem-Solving Strategy: Faraday’s Law Problems p. 18-27

and Reasoning Skills: Determine Direction of Induced Current p. 18-28

ALG 18.4.9 

8. ISLE SUMMATIVE ASSESSMENT - EXAMS

In ISLE courses we have different exams depending on the course enrollment and instructor availability. Exams range from all multiple choice to all open-ended questions. We also have lab practical exams in some courses. Below we give examples of lab practical questions, open-ended exam questions, and multiple choice questions that assess abilities that ISLE aims to develop,

Lab practical exams 

Paper-and pencil questions

1. You have a conical pendulum. Describe how you will determine the magnitude of the force that the string exerts on the bob of the pendulum while it is moving in a circle. Then describe how you would find the magnitude of the net force that all of the objects interacting with the bob exert on it. The equipment that you have is our lab equipment.

2. Your friend Katy says that when a hammer hits a nail, it exerts a larger force on the nail than the force the nail exerts on the hammer. That is why the nail goes into the board and nothing happens to the hammer. How will you test her idea? The equipment that you have is the equipment available in our lab.

3.  Describe some possible observations (related to physical, chemical, biological or ecological phenomena of your choice). Then devise two different explanations (hypotheses that explain them). Describe what you will do to try to rule them out. For this, design testing experiments, make predictions of their outcomes based on the hypotheses, and then describe the outcomes of the experiments that might make you rule out the hypotheses. 

Experimental questions
4. The following are possible rules for calculating equivalent resistances in complex circuits. Write a paragraph discussing whether each makes sense to you and then design and perform experiments to test whether or not they are applicable to real circuits. Make sure that your write-ups are clear for a person who did not see you perform the experiments. Decide what will convince you that each of the rules are applicable or not. 

Series resistance:  When resistors are connected in series, the total equivalent resistance of the resistors is determined using the equation:


[image: image1.wmf]
where R1, R2, R3, … are the resistances of the resistors that are connected in series.

Parallel resistance: When resistors are connected in parallel, the total equivalent resistance of the resistors is determined using the equation:


[image: image2.wmf]
where R1, R2, R3, … are the resistances of the resistors that are connected in parallel.

Available equipment: Variable power supply, batteries, assorted resistors, light bulbs, voltmeter, ammeter, connecting wires.

Regular exams
1. When developing Bernoulli’s equation, we ignored friction type effects. You decide to see if this is important. You do a series of experiments in which you adjust the pressure difference ∆P across a tube of radius r so that the fluid flows at the same speed in that tube as it does in the other radii tubes. The tubes are all held horizontally and are of the same length. You get the results shown in the table. Which equation below best represents the results of this experiment? C is a proportionality constant.

a) ∆P = C r

b) ∆P = C/r

c) ∆P = Cr2 
d) ∆P = C/r2
e) ∆P = C/r4
2. You dropped a large but lightweight ball from a height of 4.5 meters. It takes 1.5 sec for the ball to reach the ground. Using these measurements, describe how you would estimate the speed of the ball just before it reaches the ground. Explain your reasoning as clearly in possible—do not ignore any possibilities.

3. In the laboratory you have been investigating the behavior of several resistors.  You have collected the following data for the voltage across each resistor and the current though it. 


(a) Describe an experiment in which these data could have been collected. Draw a circuit diagram. (5 points)

(b) Write a mathematical representation for the data. (5 points)

(c) In the experiment, which quantity is the dependent variable and which is the independent variable? Does your mathematical representation reflect this choice of variables? (5 points)

(d) Describe what you will do to test whether your proposed relation between current and voltage will be applicable to a light bulb. (5 points)

4.  The following description is included in an electric gadget catalogue.

“Squeeze No Battery Flashlight”: No batteries or power plug will ever be needed!! An environmental-friendly flashlight, it saves energy without producing pollution to the environment. As long as you continually squeeze the handle in and out, the light works.


a) Devise an explanation for how this flashlight might work. Your explanation should allow someone else to build a model of this device. 



b) Describe how you would test your explanation about how the flashlight works—without opening it. 


5. Marina Kent is a high school junior who is very interested in biology. She wants to build her own microscope.

a) Write clear directions that she can follow while assembling a simple microscope. Draw and label a sketch to show where different elements have to go and where the eye needs to be in order to use the device. Provide a list of the materials needed. Specify the number and types of lenses that are needed.

b) Draw a ray diagram to explain how the microscope works. What type of image (virtual or real) is produced by the microscope (shown in your ray diagram)?

6. Thomas Young in 1802 observed on a wall a pattern consisting of alternating bright and dark bands of light coming from light passing through a pair of closely spaced slits. He explained this pattern using a wave model of light - the bright bands were where waves that originated at the two slits interfered constructively. The dark bands were where the waves interfered destructively. 

Describe two or more experiments that COULD NOT be explained by this wave model of light but could be explained by a photon model of light (the two experiments could involve the same equipment). Include a careful description of the equipment used.

Describe the results of each experiment and explain why the results are inconsistent with the wave model of light.

9. IMPLEMENTATION  (OSU/Rutgers/Chico data)
Conceptual Learning

FCI normalized gains (post-pre/1-pre)

Honors engineers 0.6 (OSU)

Regular engineers 0.55 (UC Chico)

At-risk engineers - 0.4 (Rutgers) (traditional instruction ~0.2; reformed instruction ~0.4-0.8, now we know that the gain strongly depends on a pre-test)

CSEM post test results

Honors engineers 0.69-0.73

Regular engineers 0.68 (2 year college professors score 0.74)

Problem solving

Pre-meds: 7 identical multiple-choice problems on the final exam

Regular students 61%, ISLE students 76%

Acquiring scientific abilities:

Ability to use multiple representations to solve a problem: 60-80% of students draw free-body diagrams to solve problems in mechanics and electrostatics even though NO CREDIT was given to the diagrams, the problems were multiple choice (traditionally taught students approximately 10-20%)

Ability to design an experiment to solve a problem, to determine a productive mathematical procedure, to communicate – increases significantly over the course of 1 semester.

Ability to identify a hypothesis to be tested (70% versus 40% traditionally taught undergraduates)

Ability to make a prediction based on the hypothesis (50% versus 0% traditionally taught students).

10. RESOURCES AVAILABLE FOR THOSE WHO WANT TO IMPLEMENT ISLE

· ISLE website to download materials, ask questions, participate in discussions http://www.islephysics.net
· The Physics Active Learning Guide (Student Edition) 

The ALG has activities and problems that can be used in lectures, recitations, labs, and homework for concept construction, testing and applications.

· The Physics Active Learning Guide (Instructor Edition)

It has explanations and suggestions for instructors related to the implementation of the activities, student difficulties and cues the instructors on where the activities should be used (class, lab or homework).

· A complete set of solutions for all ALG activities (Addison Wesley website, instructor tools)

Use the link http://vig.pearsoned.com:80/aiv/Instructor_Download_Instructions_AW.html to set up your instructor account and download the solutions for all activities.

· A complete ISLE Laboratory Program (for algebra- and calculus-based physics)

The website below contains the labs and the rubrics that can be used for student self assessment

http://paer.rutgers.edu/scientificabilities 

· A set of ISLE Video Experiments

http://paer.rutgers.edu/pt3 

The website contains videotaped observational testing and application experiments for the ISLE cycles, questions for the students, experimental problems, and surprising data tasks. It is open to everybody. To be able to view instructor help you need to register - see the website.

· A set of Higher-Level Thinking Formative Assessment activities and rubrics

Available at http://paer.rutgers.edu/scientificabilties

Contact with ISLE developers

E-mail Eugenia Etkina etkina@rci.rutgers.edu (large enrollment algebra based classes, high school classes, teacher preparation and professional development);

Alan Van Heuvelen alanvan@physics.rutgers.edu (large enrollment algebra and calculus based classes);

David Brookes dtbrookes@gmail.com (large enrollment algebra based classes)

Xueli Zou XZou@csuchico.edu  (medium and small enrollment calculus based classes)

Suzanne Brahmia brahmia@physics.rutgers.edu (calculus based classes for underserved populations)

Chris D’Amato cd@chrisdamato.com (high school physics classes)
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Detailed Description of Resources

1.  ISLE website to download materials, ask questions, participate in discussions http://www.islephysics.net The website is open for public, all materials can be downloaded without registration but you need to register to participate in discussions.

2. The Physics Active Learning Guide, ALG published by Addison-Wesley in 2006 (Student Edition
) includes four main categories of activities that focus on the process of constructing knowledge and representing it in multiple ways qualitatively and quantitatively. 

· Qualitative Concept Building and Testing Activities: We provide a variety of experiments that could be used in a large room or in a laboratory setting. We also have a new type of experiment – videotaped experiments that have several advantages over traditional lecture demos or lab exercises (http://paer.rutgers.edu/pt3). They allow everyone to see the details and also they allow students to see a phenomenon in slow motion, frame by frame (a frame is 1/30 or 1/15 of a second). This opportunity is invaluable when watching phenomena that happen quickly – the motion of a cart down a ramp, the motion of a falling object, or the motion of a swinging bob attached to a spring scale. The experiments usually involve relatively simple apparatus. Students observe these experiments, record what they observe, and identify patterns in these observations. They then develop a qualitative explanation for the patterns that have been identified—a provisional conceptual model. They then use their own explanation to make a prediction about the outcome of a new testing experiment (also in the ALG). If their prediction is incorrect, they have to revise the explanation, revise how they applied their explanation, evaluate how the testing experiment was performed, or evaluate their interpretation of the experiment outcome.  The ALG provides scaffolding for the students for all these activities.

·       Conceptual Reasoning Activities: This part includes situations that the students can analyze using their qualitative explanation(s). Often this reasoning is facilitated using qualitative-concrete representations of physical phenomena (motion diagrams, free-body diagrams, qualitative work-energy bar charts, ray diagrams, and so forth). This part has “Reasoning skills” – text boxes that guide students step-by-step through the mastering of the skill of making a particular representation – such as a motion diagram or a free body diagram. The skill box is followed immediately by one or two activities that help students self-assess whether they mastered this particular skill.

·      Quantitative Concept Building and Testing Activities: These sections of the ALG contain activities that help students develop a quantitative relationship between physical quantities. Sometimes the ALG provides a series of experiments in which students devise physical quantities and relationships between them. (These experiments can often be easily reproduced in a lecture or laboratory setting.) Sometimes the experiments are described and students are provided with a table of collected data that they have to analyze. In some situations, an activity is a guided derivation that helps students construct a new relationship using physical quantities and concepts developed earlier. After a relationship is developed, the ALG describes testing experiments for this relationship but not their outcomes. Students use the relationship that has been developed to make a prediction about the outcomes. They need to consider the assumptions that they used to make a prediction in addition to the relationship under test. Then they perform the experiment and compare the outcome to the prediction. If their prediction is incorrect, they have to revise the rule, revise how they applied their rule, evaluate how the testing experiment was performed, or evaluate their interpretation of the experiment outcome. Students have to decide if the outcome of the experiment and their prediction were within experimental uncertainties.

· Quantitative Reasoning: This section provides a problem solving strategy for a particular chapter and a variety of problem types that students can solve in lectures, recitations, or for homework. The problem solving strategy has the same 5 general steps that repeat from chapter to chapter and the specific sub-steps that are relevant for a particular content area. 

3. The Physics Active Learning Guide, ALG published by Pearson-Addison-Wesley in 2006 (Instructor Edition
). It has the same activities as the student edition but also includes guidance for instructors about how to use the activities and reasons for using them.

Comments on the ALG contents: Notice:  we have chapter 1 that is qualitative kinematics and dynamics together, then traditional kinematics in chapter 2. If you do not want to do it this way, you can combine sections 1 and 2 in chapter 1 with chapter 2, and sections 3 and 4 in chapter 1 with chapter 3.

The approach to energy is very different - internal forces do not do work and both rubbing surfaces are in the system, so the force of friction does not do work but leads to the increase of the internal energy. Solutions for all activities will be posted on AW website soon.

4. A complete ISLE Laboratory Program for algebra-based and calculus-based physics courses is available at http://paer.rutgers.edu/scientificabilities. In ISLE labs students design their own experiments being guided by questions that focus on the general steps of a scientific investigation. The labs involve relatively simple equipment and experiment design to achieve some goal and the solution of a problem that involves experimental apparatus. The students are expected to take charge of the lab activities—these are not cookbook labs. On the same website one can find scientific abilities rubrics that students use to self-assess their work and improve it. The instructors can use the rubrics for grading and research.

5. A set of ISLE Video Experiments that have been videoed, compressed, digitized and placed on a website accessible to anyone (http://paer.rutgers.edu/pt3). There are four parts on the website: 

· the introduction that has instructions on how to use the website to collect data, 

· the videos with questions assembled in ISLE cycles (observational and testing experiments) for motion, Newton’s laws, energy, optics, etc; 

· surprising data tasks which are videotaped experiments whose outcomes is difficult to predict even for an expert;

· video problems which are sets of two experiments from which a student can determine the same quantity;

· list of videos which is a complete list of all experiments that we ever videotaped; some of them are included in the cycles or problems and some have not be use yet. 

Basically, the structure of the website is very similar to the ALG structure – we have qualitative concept building and testing experiments, quantitative concept building and testing experiments and conceptual (surprising data tasks) and quantitative reasoning (videoproblems) activities  The website is  work in progress, you will see that some cycles are still being developed. To be able to view instructor help you need to register - see the website.

6. A set of higher-level thinking formative assessment activities (http://paer.rutgers.edu/scientificabilities) developed with support of the National Science Foundation. These activities can be used in large room meetings, recitations and laboratories to help students develop science process abilities such as: model building, testing models, using multiple representations for qualitative reasoning and problem solving, experiment design, evaluation, anomalous data activities. 
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