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Physics:

This ninth grade course is offered as part of the STEM program at San Marin High School.  This course emphasizes a firm conceptual understanding of the laws of physics through the fundamental themes of motion and forces, energy and momentum, heat and thermodynamics, waves, and electricity and magnetism.  Through Project-Based Learning, students will apply their physics knowledge in concert with their “Principles of Engineering” class.  

The purpose of this course is to develop students’ skills of scientific exploration and discovery, problem solving, and communication and collaboration skills through theoretical and experiential learning, especially through the method of Project-Based and Inquiry-Based Learning.  At the end of the course, students will have a firm conceptual understanding of motion and forces, energy and momentum, heat and thermodynamics, waves, and electricity and magnetism and will be able to apply this knowledge to real-world problem solving.  This course will help students become able to solve their own problems and be successful in subsequent science courses such as chemistry, biology, and advanced engineering
Engineering:

This course is offered as part of the STEM program at San Marin High School.  In this course, students will apply scientific knowledge in the creation of a variety of products using the engineering design cycle.  This will involve conceptualization, design, building, and debugging a product in collaboration with other students.  This course is centered on communication, collaboration, critical, and creative thinking.  

Students will become familiar with the engineering design process including problem definition, research, creation of alternative solutions, development, prototyping, and testing and redesign to improve the design.  In addition, students will work in teams and develop problem-solving and collaborative skills while developing products replicating real-world engineering processes.  The course will involve the application of scientific knowledge to solve problems.  

In addition, students will be exposed to different careers in the STEM fields through classroom presentations and other means.  This course will prepare students to be successful in subsequent engineering courses in the STEM program as well as preparing for a career in the field of engineering, science, or allied fields.

9th Grade STEM Physics and Engineering will cover the following physics concepts:

Simple Machines and Mechanical Advantage

· inclined plane, wedge, screw, lever, pulley, wheel-and-axle

· compound machines

· work

Forces, Impulse, Momentum

· Newton’s laws of motion

· Force

· vectors

Potential and Kinetic Energy

· PE

· KE

Statics

Conservation of Energy and Momentum

· Gravity

· Momenturm

· Elastic and inelastic collisions

Heat and Thermodynamics

· laws of thermodynamics

· thermal energy

Waves and Energy

· frequency, wavelength, speed

· electromagnetic radiation

Electricity and Magnetism

· electric currents

· magnetic fields

· electrostatic forces

As well as the following engineering principles:

Engineering Design Process:

     Problem Definition

     Brainstorming

     Research and investigation

     Generating Multiple Solutions

     Choose the best solution

     Product Development – modeling and prototyping

     Testing and evaluating

     Redesigning and improving

Teamwork and Collaboration

Using Engineering Tools

Exploring CTE careers

The course will do this in a project based learning method focusing on the following major projects/units:

1. Create: Rube Goldberg Machines

Students will create Rube Goldberg Machines that allows them to explore the concepts of simple machines and how they help do work, Motion and Stability, Forces, and Interactions and Energy.  They will design, troubleshoot, analyze and interpret their data, communicate information effectively to a wider audience, and explore the concept of systems as it relates to a complex machine.  Their Rube Goldberg Machine will have at least 8 steps using various simple machines as they attempt to complete a simple task.  At the end of the project, students will demonstrate the effective functioning of their machine and orally present how their machine works during a presentation night fair.

Students will be reading selected information from Conceptual Physics including chapters 2, 3, 4, 6, 7, and 11 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


PS2: Motion and Stability: Forces and Interactions



Disciplinary Core Ideas



PS2.A: Forces and Motion



ETS1.A Defining and Delimiting Engineering Problems



ETS1.C Optimizing the Design Solution


PS3: Energy



Disciplinary Core Ideas



PS3.A: Definitions of Energy



PS3.B: Conservation of Energy and Energy Transfer



ETS1.A Defining and Delimiting Engineering Problems


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Constructing Explanations and Designing Solutions



Obtaining, Evaluating, and Communicating Information


Crosscutting Concepts



Systems and System Models



Structure and Function

Inquiry Activities Designed to Address the Core Concepts in Physical Sciences



*Students will use force sensors to answer the question, “How do pulleys, levers, wheel and axles, inclined planes, and screws reduce work?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab. During this lab, students will measure the force on various objects as simple machines are used and not used to understand Motion and Stability and Energy including: mechanical advantage, friction (static and kinetic, rolling and sliding), and impulse. 

*Students will use motion sensors to explore Energy by answering the question: “How is energy conserved in a system when gravitational potential energy changes?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

During this lab, students will be measuring the motion of falling objects as well as those on inclined planes.  Then they will analyze and interpret information from graphs of energy versus time, and determine the change in gravitational potential energy of a falling ball.

2. Create: Video on Physics of Sports

Students will script, film, and edit a video explaining the physics behind a sporting action such as kicking a field goal or hitting a ball with a tennis racket. They will plan and conduct their investigations, test their predictions, analyze and interpret their data, and use mathematical thinking. They will use technology that simulates theoretical physics, such as Video Point to analyze results of motion experiments and Interactive Physics to facilitate the testing of theories against real results.

Students will be reading selected information from Conceptual Physics including chapters 2, 3, 4, 5, 6, 7, 9, 10, 11, and 12 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


PS2: Motion and Stability: Forces and Interactions



Disciplinary Core Ideas



PS2.A: Forces and Motion


PS3: Energy



Disciplinary Core Ideas



PS3.A: Definitions of Energy



PS3.B: Conservation of Energy and Energy Transfer


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information


Crosscutting Concepts



Cause and Effect



Systems and System Models



Structure and Function

Inquiry Activities Designed to Address the Core Concepts in Physical Sciences



*Students will use sensors to measure velocity, distance, acceleration as they answer the question: “What is the relationship between distance, velocity, and acceleration?”  Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

As they do this, they will graph their data and calculate movement based on a general overview of scalars and vectors, as well as coefficients of friction.

*Students will use motion sensors to explore Newton’s First and Second laws, and Vector diagrams as they answer the problem: “Prove or disprove Newton’s First and Second Laws.”  They will do this by taking measurements of objects in motion and determining if their motion is consistent or not.  They will determine why the motion is not consistent and calculate their error. Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

*Students will use an air track, photogates, and motion sensors to answer the question, “When two objects collide, is momentum conserved?”  Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab. While doing this, students will study the Conservation of momentum, and elastic and inelastic collisions.

*Students will use a short range projectile launcher and photogates to explore the relationships between initial speed and time of flight of a horizontally launched projectile as they answer the question, “How much does horizontal motion affect vertical motion?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

3. Design: Hybrid Car

Students will design and build a model car capable of driving 10 meters using a rechargeable battery.  Students will design their battery using their knowledge of potential and kinetic energy and ensure that the battery can convert potential energy to kinetic energy and vice versa.  Students will test their vehicles to determine and maximize energy efficiency as the energy is transferred.  Batteries will not necessarily be traditionally electrical, but rather use the variety of potential energy sources such as gravity or springs.  Students will also need to design the most energy efficient way to transfer the potential energy in their battery to the wheels of the car producing motion.  Students will need to consider the force of friction as they determine wheel materials and transfer of energy to the wheels.  Students will be judged based on the mass of their car, its time travelling 10 meters with no load, and its time travelling 10 meters while carrying a load of 500 grams.  At the end of the project, students will present their designs and prototypes in a “pitch meeting” to a panel of engineers, auto mechanics, and vehicle designers.

Students will be reading selected information from Conceptual Physics including chapters 4, 5, 6, and 8 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas


PS1: Matter and Its Interactions


PS1-4 Release or absorption of energy from a chemical reaction system


PS3: Energy



PS3.A Definitions of Energy



PS3.B Conservation of Energy and Energy Transfer



PS3.D Energy in Chemical Processes


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Construction Explanations and Designing Solutions



Obtaining, Evaluating, and Communicating Information



Asking Questions and Defining Problems


Crosscutting Concepts



Energy and Matter



Interdependence of Science, Engineering, and Technology



Influence of Science, Engineering, and Technology on Society and the Natural World.

*Students will investigate energy transformations and conservation of energy during a lab calculating kinetic and potential energies on a roller coaster as they answer the question: “What is the relationship between potential and kinetic energy as a car travels on a roller coaster?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

*Students will investigate spring potential energy, kinetic energy, and gravitational energy as they answer the question: “How does a pogo stick work?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

4. Design: Energy Efficient Housing

Students will design and build a passive solar structure to maximize energy absorbance for the sun in the winter and maximize reflection in the summer.  They will investigate and include different ways to heat and cool a house in order to learn about heat and work their investigation of heat and thermodynamics.  These methods of heating and cooling will include swamp coolers, location of windows for passive solar heating, use of insulation materials, and reflection and absorption of different colors and material.  At the end of the project, students will present their designs and prototypes to the community and a panel of architects, engineers, and construction professionals at a “design fair.” The design judged to be the most effective will be constructed on campus by students and construction professionals.

Students will be reading selected information from Conceptual Physics including chapters 21, 22, 23, and 24 as well as other text and internet research resources.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards



Disciplinary Core Ideas

PS3: Energy



PS3.A Definitions of Energy



PS3.B Conservation of Energy and Energy Transfer



PS3.D Energy in Chemical Processes

ETSA.1: Defining and Delimiting Engineering Problems


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Constructing Explanations and Designing Solutions



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts



Cause and Effect



Systems and System Models



Structure and Function
*Students will use temperature sensors to explore radiant energy, specific heat, and absorption and reflection of energy depending on the color of a container as they answer the question: “Which colors and materials absorb the most heat? Which colors and materials reflect the most heat?” Students will choose two possible building materials to compare, design their own procedure, and collect data.  They will then graph and analyze that data to determine where that material would be best used to maximize passive solar design principles.  Each group of students will conduct tests on different materials and share data so that all students can use the information as they design their passive solar structures. Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

*Students will use a light sensor to explore light intensity as a function of distance from the source as they answer the question: “How does light intensity change as you get further from the light source?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.  Students will discover the Inverse Square Law as a result of this lab.  Students will then be able to apply that law to other wave forms such as heat and sound.

5. Design and Build: A Musical Band

Students will design and build three musical instruments: one using strings, one using chimes, and one using air movement (as a woodwind or brass instrument) to explore the movement and properties of waves and sound.  Students will have to design their instruments to create notes C, D, E, F, G, and A by determining the wavelength of those notes and recreating it in their instruments. Students will be presenting their instruments in a “concert” in which they play a song using all three instruments.

Students will be reading selected information from Conceptual Physics including chapters 25, 26, and 31 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards

Disciplinary Core Ideas



PS3: Energy


PS3.A: Definitions of Energy



PS3.B: Conservation of Energy and Energy Transfer


PS4: Waves 



PS4.A Wave Properties


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information


Crosscutting Concepts



Cause and Effect



Systems and System Models



Structure and Function
*Students will answer the question “How do waves travel and what modifies that motion?” as they use slinkies to determine wavelength, compressional and transverse waves, interference, and reflection. Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

6. Exploration: Photovoltaic Efficiency of Solar Panels

Students will explore the factors that lead to photovoltaic cells being more or less efficient in their capture of the Sun’s energy as they learn about electricity and magnetism.  The will learn how to measure the current and voltage output of the photovoltaic cells, understand series and parallel solar cells, shading effects, light spectrum effects, inverse square law, light angle, and distance effects. They will also look at the relationship between the angle of the solar panel and the location of the sun at different times of the year and day.  At the end of this project, students will publish a recommendation sheet for consumers and solar electrical companies to maximize the amount of solar energy gathered.

Students will be reading selected information from Conceptual Physics including chapters 14, 21, 22, 32, 33, 34, 35, and 37 as well as other text and internet research resources.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas


PS3: Energy


PS3.A: Definitions of Energy



PS3.B: Conservation of Energy and Energy Transfer


PS4: Waves 



PS4.A Wave Properties

Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts




Cause and Effect




Systems and System Models




Structure and Function
*Students will explore the effects of series and parallel connections, inverse square law, angle of incidence, and spectrum effects on the current and voltage output of the solar cells as they answer the question, “What factors increase the efficiency of photovoltaic panels? How can we make our solar panels more efficient at gathering the sun’s energy?” Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

7. Use an Electric circuit

This unit is based on Physics by Inquiry by McDermott.  Students will learn about basic electricity, including the inverse square law, voltage, resistance, and current and relationships between these.  They will learn how to analyze parallel and series circuits.    Circuit diagramming will be a regular activity to ensure that students can communicate how circuits are read by engineers and scientists. Finally, students will design a circuit using batteries, resistors, capacitors, diodes, switches and other microelectronic components to complete task such as lighting LEDs in sequence, setting an alarm bell, measuring temperature, or another task of interest to the student.  Students will choose a project using a scientific kit or from The Amateur Scientist from Scientific American, use the circuit information to create the product, and explain how the different electronic components are used in the project to yield the desirable results.  

Students will be reading selected information from Conceptual Physics including chapters 32, 33, 34, 35, 36, and 37 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas

PS2: Motion and Stability: Forces and Interactions



PS2B: Types of Interactions

PS3: Energy


PS3.A: Definitions of Energy



PS3.B: Conservation of Energy and Energy Transfer


Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts




Cause and Effect




Systems and System Models




Structure and Function
Inquiry Activities Designed to Address the Core Concepts in Physical Sciences

8. Optics

Students will become self-reliant learners through their work in designing a teaching station that will address one or more optical concepts, such as reflection and refraction through transparent or semitransparent materials, diffraction, Snell’s Law, concave and convex mirrors, and pinhole cameras.  They will create the teaching materials that will be used by their classmates to gain deeper understanding of light waves (and particles) and how these concepts are used in creating optical phenomenon.
Students will be reading selected information from Conceptual Physics including chapters 25, 27, 28, 29, 30, and 31 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas

PS4: Waves 



PS4.A Wave Properties

Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts




Cause and Effect




Systems and System Models




Structure and Function
9. Robotics

Students will use Arduino boards, Rasperry Pi, or Board of Education circuit boards to program a robot to complete a variety of tasks, such as following a line, competing in a competition, dancing to a specific rhythm, using the appropriate programming language for the platform required.  Students will learn the basic structure of programming languages in order to be able to complete subsequent courses in more complex programming languages, such as Java.  This unit is important as part of the CTE course with an emphasis in science and engineering.  Students will also apply their knowledge of electronic circuits for wiring the circuit board. At the end of the project, students will use their programmed circuit boards to create an art display to complement the song they created using their band from a previous project. This artistic display may include a light show, movement of a robot, sounding of bells, or anything else that students are able to program in. The artistic display will be presented with their song in a concert. 

Students will be reading selected information from Conceptual Physics including chapters 32, 33, 34, 35, 36, and 37 as well as other text and internet research resources and Interactive Physics software.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas

HT-ETS1: Engineering Design
Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts




Cause and Effect




Systems and System Models




Structure and Function
Inquiry Activities
* Students will explore basic electricity, programming, parallel and series circuits, voltage, resistance, and current as they answer the question, “How can computers and electricity be used to create an artistic multimedia display?”  Students will formulate a hypothesis to answer this problem question.  They will then gather data and analyze that data to determine whether their hypothesis was valid or not. At that point, students may have developed new hypotheses that they test.  Once they have determined a valid hypothesis, they will write out a description of their findings as well as the steps it took them to get there.  They will keep a record of all hypotheses, tests, data gathered, and final conclusions in their lab notebooks.  They will also publish their major findings to their websites at the conclusion of the lab.

10. Creative Engineering Design

Students will use the Engineering design process to solve a problem facing the world in a creative way.  They might solve a problem of getting clean drinking water to rural developing areas or design a prosthetic arm for someone who has lost use of their arms. Students will begin by defining their problem and brainstorming solutions to that problem.  They will then research and create multiple solutions.  After this point, they’ll select the best solution and begin product development by modeling and creating a prototype. Then, they will test and evaluate their model’s success before revising and improving their work.  At the end, their model will be presented to their client in a “pitch meeting” where students demonstrate the effectiveness of their design and sell their client on why it is useful.

At the conclusion of this project, students will use analytical, expository writing to document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.

Core Concepts from Next Generation Science Standards


Disciplinary Core Ideas

HT-ETS1: Engineering Design
Science and Engineering Practices



Developing and Using Models



Planning and Carrying Out Investigations



Analyzing and Interpreting Data



Using Mathematics and Computational Thinking



Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts




Cause and Effect




Systems and System Models




Structure and Function
Instructional Methods for all projects:

This course is based on the model of Project-Based Learning and Inquiry-Based Learning. Project –Based Learning involves the exploration of an Essential Question, such as “What is the most effective way to heat and cool a home?” The Essential Question is an open-ended question that is interesting to the students and which allow a wide variety of solutions based on evidence.  Students are provided with information in the form of lecture, reading, and independent exploration to determine some possible avenues to explore the question.  Homework assignments and class discussions are used to reinforce the essential concepts needed to solve the problem.  Projects are graded on 4-point rubrics which evaluate the students’ level of understanding of the concepts, as well as their ability to think critically and creatively.  In guided Inquiry-based learning, students are exploring concepts and discovering solutions to problems prior to being given answers.  They are able to determine the extent to which theoretical models of science coincide with real phenomena and explore the factors that influence the correlation between the model and reality.

*Direct Instruction- Teacher lecture as students take notes in their lab notebooks

*Cooperative learning- Teacher designed groups, prompted discussion sessions, laboratory and problem-solving activities.

*Inquiry-based learning- Teacher designed essential questions which are explored by students.

*Hands on learning- Facilitated learning of essential concepts through lab activities, and inquiry-based instruction.

*Readings of the textbook and scientific articles- in class and out-of-class assigned readings.

*SDAIE Strategies- Specially designed activities for English Language Learners: graphic organizers, jigsaw, learning logs, reader response charts, vocabulary cards

*Student presentation, exhibits, and competitions – Teacher will assist students as they prepare to present their projects, lab results, and major learning to the class and community

*Lab Activities - students will conduct hands on lab activities to explore concepts. Some labs will be designed and set up by the teacher while others will be designed and set up by students to answer a problem question.

*Use of online curriculum - watching videos exploring scientific concepts and case studies, completing activities online, etc.

*Writing instruction and development of language arts skills through journals, written reports, lab reports, and reflections on students’ websites.

Assessment Methods: 

Tests and Quizzes: 30% - Students will be given unit tests every 4 to 6 weeks as well as a cumulative final exam at the end of each semester.  Students will solve math-based physics problems, answer short-answer (1-3 sentence) questions about major concepts, and answer multiple-choice questions. Students will also have short (1-10 question) quizzes approximately every 2 weeks.

Projects (40% consisting of the following 6 categories)

Project Collaboration: 7.5% - Students will be evaluated on their collaboration by both the teacher and the other members of their groups. The evaluations will be based on rubrics looking at whether students are meeting the group expectations which were set at the beginning of the project, working productively and sharing responsibility for work completion, staying on task and assisting others, sharing ideas, and creating a positive work environment for all group members.

Project Communication: 7.5% - Students will be evaluated using a rubric to see that they can communicate their learning clearly, show confidence, conciseness, and clarity in their speaking and writing, use technology appropriately to communicate, and express ideas accurately separating fact from opinion.

Project Critical Thinking: 5% - Students will be evaluated using a rubric looking at students’ abilities to modify thinking and actions based on evidence they gather, comprehend, analyze, and apply material they read, and use math and logic to solve problems.

Project Creativity: 5% - Students will be evaluated using a rubric looking at how they apply their knowledge in new ways to solve problems, demonstrate independent thinking, and explore and investigate questions that they have.

Project Work Ethic: 7.5% - Students will be evaluated by completion of worksheets and lab and class notebooks, edits and revisions of work, and attempting difficult problems

Project Content: 7.5% - Students will be evaluated by their final project submission and that the scientific content within the project is correct and evidence-based. All necessary content areas must be addressed and student understanding based on their project is clear and correct.

Labwork, Classwork, and Homework: 20% - Students will be evaluated on their completion of classwork such as worksheets, problem sets, and written assignments as well as their lab write-ups and lab notes of their problem questions, hypotheses, data gathered, tests conducted, and conclusions based on the data. Students will also complete written homework weekly in which they solve problems from the textbook that correspond with the content covered in class or watch videos and read supplemental material outside of class time.

Reflection on Learning: 10% - Students will write summaries of their learning and growth as well as major concepts learned from the project and each inquiry lab on their websites. At the conclusion of each project, students will document and describe their work on the project. They will describe the scientific concepts and practices that they learned about and how each concept was integrated into and used in their final product. They will also then reflect in writing upon their learning detailing major successes and failures in the project as well as their own ability to collaborate, communicate their knowledge, think critically and apply their knowledge to the project, and be creative.  Students will use this writing to review their learning and progress as well as reflect on their growth. They will publish this writing as a 500 to 1000 word update to their website.  Writing will be evaluated by its clarity and accuracy as well as its honesty as a reflective document.

	Textbooks

Title: Conceptual Physics: The High School Physics Program

Edition: 3rd edition

Publication Date: 2002
Publisher: Pearson Prentice Hall

Author(s): Hewitt, Paul



	Supplemental Textbook

Website:  http://www.teachengineering.org/view_curricularunit.php?url=collection/van_/curricular_units/van_hybrid_design_curricularunit/van_hybrid_design_curricularunit.xml
http://www.teachengineering.org/view_curricularunit.php?url=collection/cub_/curricular_units/cub_housing/cub_housing_curricularunit.xml
http://www.teachengineering.org/view_curricularunit.php?url=collection/cub_/curricular_units/cub_pveff/cub_pveff_curricularunit.xml
http://www.teachengineering.org/view_curricularunit.php?url=collection/cub_/curricular_units/cub_simp_machines/cub_simp_machines_curricularunit.xml
http://www.teachengineering.org/view_curricularunit.php?url=collection/cub_/curricular_units/cub_creative/cub_creative_curricularunit.xml
http://www.teachengineering.org/view_curricularunit.php?url=collection/cub_/curricular_units/cub_service/cub_service_unit.xml





