1.  Project Title
Problem Based Learning with technology: Using digital video to solve real problem.

2.  Narrative Description of Project Proposal and Activities

Physics and mathematics are so closely intertwined that developments in one have invariably involved an application in the other.  The integration of physics with mathematics gives depth to the former and meaning to the latter.  We will blur the boundaries between the two disciplines by using a common approach and shared technology to guide instruction in our respective math and science classes.  

Our plan is to engage students in a problem-driven process wherein their own questions lead them to important ideas in physics and their expression in mathematics.  We expect that students who apply mathematical skills directly to difficult real-world physical problems will develop greater understanding and exhibit greater engagement in their learning. 

We will use the problem-based learning approach.  Students will attack specific, interesting, realistic problems using traditional physics equipment and computers (as a lab interface, a simulation tool, and for analysis of digital video).  Students will work independently in small groups to analyze a problem (from a physical perspective), dissect it, understand it, and explain it, making predictions about its behavior.  

An example unit would be an analysis of the trebuchet, a medieval siege weapon.  Reif has successfully used the trebuchet in the physics classroom as a tool to generate student interest.  Students would be presented with a problem: How can you make this (deceptively) simple device as powerful and accurate as possible?  They might begin by studying the history and physics of the trebuchet.  During this phase, they would identify the characteristics of a successful trebuchet, and develop an understanding of the physics behind it.  As each group follows their own course, they will struggle with the physics concepts they need to attack the part of the problem they are working on, thus giving the concepts meaning and providing a value to the mathematics.  The groups would attempt to "build" a computer simulation of a trebuchet, thus testing their assumptions about the ideal trebuchet.  A final phase would involve building their own miniature versions, and using digital video to capture the acceleration and release of the projectile by the machine (too rapid for the eye to follow).  This data would provide the basis for an analysis of the efficiency of their device.  A trebuchet competition (most accurate, greatest range, most rapid firing, etc.) and computer-enhanced presentations before the community would be culminating activities wherein ideas would be summarized, integrated, and shared.  Later on, problems could be student selected, within appropriate guidelines.

3. Target Student Population

The students involved would be sophomores, juniors, and seniors enrolled concurrently in David Young's sections of Algebra II and in Physics (Marc Reif currently teaches all sections).  This is a group with diverse skills and background.  Many could be considered average or above-average in mathematics, while others would fall well below that judgement.

4.  Interdisciplinary/Integrative Structure of Project

Our plan is to work with common students in our two courses and to intermingle periodically with joint class sessions. Our school has not yet learned to be very flexible in scheduling, but we foresee the following situation next year: We will have congruent periods for instruction and planning, our classrooms will be physically located near each other, and we will have a majority of common students. As we teach our classes, some students will receive the full treatment, by being in our classes two times a day, while some will only have one of us throughout the day. This dynamic will help us collect some data on the effectiveness of our project and will allow us to develop methods to deal with the set structure of the schedule. What we learn in this project should allow us to help guide the school and district as they try additional cross-disciplinary interactions.

5.  School Enrichment Project Timetable

	Module


	Spring/

summer 2000
	1st quarter
	2nd quarter
	3rd quarter
	4th quarter

	Planning (develop problems), acquire equipment, practice video capture, general preparation, attend conferences
	
	
	
	
	

	Mechanics Unit 
	
	
	
	
	

	Waves/Sound/Optics Unit 
	
	
	
	
	

	Electricity/Magnetism Unit
	
	
	
	
	


6.  Activity Modules

	Mechanics 1st Semester Problem: 

How can you use physics and math to design and optimize the performance of a trebuchet?

	Activity 1: Problem: How can you describe the motion of an object which moves too fast for the eye to follow?  Using DV, measure the velocity and/or acceleration of such an object.
	Math Component 1: As the students construct their projects, we will digitize the components of the motion as the objects move. This data (for time and position) will be used in exploring mathematical models (linear and quadratic). In additional we will take a geometric look at the data to develop the foundation of the derivative (slope/velocity) and the constructed time and velocity graph’s antiderivative (area and displacement). 
	Science Component 1: Students pick a situation to study.  They may construct spud guns, soda bottle rockets, or other similar devices.  From captured video, determine the initial velocity, final velocity, displacement, and acceleration of a rapidly moving object.  Describe the motion graphically.  Relate the physical quantities to the graph.  Students will construct a computer simulation of the motion, using Interactive Physics.

	Activity 2: Problem: How can you describe the circular motion of an object which moves too fast for the eye to follow? Using DV, investigate the angular velocity and acceleration of a rapidly spinning object.
	Reinforcing the models from activity 1, students will now look to arc lengths, and periodic models for the data obtained from this circular motion. A look at degrees and radians as well as Cartesian and Polar coordinate systems will be an essential part of this analysis.
	Science Component 2: Students pick a situation to study.  From captured video, determine the initial velocity, final velocity, displacement, and acceleration of a rapidly moving object in circular motion.  Describe the motion graphically.  Relate the angular quantities to linear quantities. Students will construct a computer simulation of the motion, using Interactive Physics.

	Activity 3: Using DV, measure the acceleration of an object in free-fall, taking into account air resistance. 
	Using the functional model that the students develop we will predict different forces as we manipulate the different variables in the equation (the objects physical characteristics). This will allow us to better understand the nature of the function and will allow for us to compare our results with those from the computer simulations.
	Science Component 3: Problem: Students have been asked to make a recommendation on packaging for air drops of supplies. Determine the free-fall acceleration of an object up to reaches terminal velocity.  Write an expression for the force of drag on the object and relate it to the physical characteristics of the object. Students will construct a computer simulation of the motion, using Interactive Physics.

	Activity 4: Investigate the “invisible” motion of an elevator, using DV.
	Analysis of the elevator data will allow us to look at this vertical motion in a horizontal format. Student will then create a graphical representation that will best explain the event and defend it in a presentation to their peers.
	Science Component 4: Problem: Students have been asked to determine if an elevator is functioning appropriately.  Students will film themselves standing on a bathroom scale in the elevator.  Correlating the weight shown with the time will allow them to examine the motion of the elevator.

	Activity 5: Perform a materials analysis to determine the breaking strength of an object.
	An exploration of proportional and inverse relationships will develop from the data, and an exploration of unit analysis from the perspective of the constant of proportionality.
	Science Component 5: Problem: Students have been asked to specify the feasibility of use of a material under stressful conditions.  Students will use DV to capture the elastic behavior of materials and determine characteristics such as their breaking strength and deflection.

	Activity 6: Using DV, investigate the performance of a catapult or trebuchet.
	As the students create these models and test them, statically analysis of the results will be used to present their model, and explain its efficiency. This presentation will be done by groups to a collection of outworlders in an effort to help the students develop their ability to communicate mathematically.
	Science Component 6: Problem: Students imagine themselves as medieval engineers who must design a projectile launcher (using currently-available materials).  During the design process, students will use Interactive Physics to investigate an idealized version of their design. Using captured DV, students will be able to investigate the power and efficiency of their design.


	Apple Power Macintosh G4 Ultimate Computer with 128 MB SDRAM, 27 GB Ultra ATA drive, Internal Zip drive, DVD-ROM drive and Apple 17" Studio Display 

   (To be used for analysis of digital video data.)
	$2665
	

	Canon Optura Progressive Scan Digital Video Camera

   (To be used for collection of digital video data.)
	$1712
	

	Adobe Premiere 5.1 Video Editing Software

   (To be used for analysis of digital video data.)
	$350
	

	
	
	

	Total
	$7896.00
	


I would like to attend the Summer Meeting of the American Association of Physics Teachers, of which I am a member.  Although the list of workshops to be presented is not available at this time, at past meetings, there have been many workshops on using computer technology and simulations for teaching physics.  These workshops are aimed both at developing conceptual understanding in students and in using. In addition, this would be a chance to meet with other physics teachers and especially university professors. Digital video analysis is a technique that is much more common in universities than in high school, and it is likely that I will be able to get advice from and network with physicists who have used this technique for instruction.


I do not have a physics degree.  Since becoming a physics teacher, I have worked extremely hard at becoming comfortable with the mechanics, electricity, and magnetism portions of the physics curriculum.  However, I have never been able to take coursework in topics such as modern physics, relativity theory, and quantum mechanics, since these courses are rarely offered in the summer and never at night in my region.  Although these topics are not directly related to the project modules that we anticipate now, they are an important part of physics that I am unfamiliar with.  Many of the students have an interest in these topics, and frequently ask questions about them.  I would like to use a portion of the professional development funds to take an online course in one of these topics through the National Teachers Enhancement Network.  At the least, these courses would increase my understanding and able me to better answer student questions.  Hopefully, an improved knowledge of these topics will lead me to ways to incorporate them into my curriculum.


Finally, I would like to attend the Mathematics/Science Education and Technology conference in Orlando, Florida.  This conference will be held in early March of 2001, and will allow me to expand my awareness of the ways in which computers can be used in teaching science.  I have had an interest in technology for teaching for several years.  Since becoming a physics teacher, I have developed some expertise with Texas Instruments Calculator Based Laboratory interfaces.  Currently, I have a classroom network of seven "recycled" computers.  These are primarily used by students along with laboratory interfaces for the collection and analysis of experimental data.  Through attendance at workshops, panel discussions, and special interest group discussions at this conference, I hope to gain new ideas and make connections with others teaching secondary science with technology, and develop additional ways to use technology. 

