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	Description:
	
	Students will be presented with the task of designing and building a roller coaster.  They will begin by deciding on questions that need to be answered/investigated.  They will research and take notes on the physics involved in building roller coasters.  They will use this newly attained knowledge to create a virtual roller coaster.  They will use knowledge gained from research and building the virtual roller coaster to finish the unit by creating a roller coaster that must meet various specifications.


	Essential Question:
	
	How do forces and motion affect the fun and safety of roller coasters?

	Authentic Task:
	
	You have been asked to create a roller coaster out of miscellaneous materials.  Your roller coaster must meet the following specifications:

· Your vehicle must complete the entire track without stopping or falling off.

· You must include modifications to your track.  For example, you may add hills, turns and/or loops.

· You must identify the contact and non-contact forces acting upon the marble.

· You must identify how contact and non-contact forces change the motion of an object.

· You need to have two forces acting on an object in the same direction

· You will need to identify when the forces acting upon the marble are balanced and unbalanced.

· You must also be able to apply or identify a point of reference, speed=distance/time, and represent motion on a graph.
In order to share your understanding of motion and forces, you’ve been asked to create a Frames animation that reflects the roller coaster you built in class.  It must include labels, sound, vocabulary etc…



	Michigan GLCE/HSCE
	
	4th Grade Science (Inquiry)
S.IP.E.1 Inquiry involves generating questions, conducting investigations, and developing solutions to problems through reasoning and observation. 
S.IP.04.12 Generate questions based on observations. 
S.IP.04.13 Plan and conduct simple and fair investigations. 
S.IP.04.14 Manipulate simple tools that aid observation and data collection (for example: hand lens, balance, ruler, meter stick, measuring cup, thermometer, spring scale, stop watch/timer, graduated cylinder/beaker). 
S.IP.04.15 Make accurate measurements with appropriate units (millimeters centimeters, meters, milliliters, liters, Celsius, grams, seconds, minutes) for the measurement tool. 
S.IP.04.16 Construct simple charts and graphs from data and observations. 
Inquiry Analysis and Communication 
S.IA.E.1 Inquiry includes an analysis and presentation of findings that lead to future questions, research, and investigations. 
S.IA.04.11 Summarize information from charts and graphs to answer scientific questions. 
S.IA.04.12 Share ideas about science through purposeful conversation in collaborative groups. 
S.IA.04.13 Communicate and present findings of observations and investigations. 
S.IA.04.14 Develop research strategies and skills for information gathering and problem solving. 
S.IA.04.15 Compare and contrast sets of data from multiple trials of a 
science investigation to explain reasons for differences. 
Reflection and Social Implications 
S.RS.E.1 Reflecting on knowledge is the application of scientific knowledge to new and different situations. Reflecting on knowledge requires careful analysis of evidence that guides decision-making and the application of science throughout history and within society. 
S.RS.04.11 Demonstrate scientific concepts through various 
illustrations, performances, models, exhibits, and 
activities. 
S.RS.04.14 Use data/samples as evidence to separate fact from opinion. 
S.RS.04.15 Use evidence when communicating scientific ideas. 
S.RS.04.16 Identify technology used in everyday life. 
S.RS.04.17 Identify current problems that may be solved through the use of technology. 
5th Grade Science (Inquiry)

S.IP.M.1 Inquiry involves generating questions, conducting investigations, and developing solutions to problems through reasoning and observation. 
S.IP.05.11 Generate scientific questions based on observations, investigations, and research. 

S.IP.05.12 Design and conduct scientific investigations. 

S.IP.05.13 Use tools and equipment (spring scales, stop watches, meter sticks and tapes, models, hand lens) appropriate to scientific investigations. 

S.IP.05.14 Use metric measurement devices in an investigation. 

S.IP.05.15 Construct charts and graphs from data and observations. 

S.IP.05.16 Identify patterns in data. 

Inquiry Analysis and Communication 
S.IA.M.1 Inquiry includes an analysis and presentation of findings that lead to future questions, research, and investigations. 
S.IA.05.11 Analyze information from data tables and graphs to answer scientific questions. 

S.IA.05.12 Evaluate data, claims, and personal knowledge through collaborative science discourse. 

S.IA.05.13 Communicate and defend findings of observations and investigations using evidence. 

S.IA.05.14 Draw conclusions from sets of data from multiple trials of a scientific investigation. 

S.IA.05.15 Use multiple sources of information to evaluate strengths and weaknesses of claims, arguments, or data. 

Reflection and Social Implications 
S.RS.M.1 Reflecting on knowledge is the application of scientific knowledge to new and different situations. Reflecting on knowledge requires careful analysis of evidence that guides decision-making and the application of science throughout history and within society.
S.RS.05.11 Evaluate the strengths and weaknesses of claims, arguments, and data. 

S.RS.05.12 Describe limitations in personal and scientific knowledge. 

S.RS.05.13 Identify the need for evidence in making scientific decisions. 

S.RS.05.15 Demonstrate scientific concepts through various illustrations, performances, models, exhibits, and activities. 

S.RS.05.16 Design solutions to problems using technology. 

PHYSICAL SCIENCE Forces and Motion 
P.FM.M.2 Force Interactions- Some forces between objects act when the objects are in direct contact (touching), such as friction and air resistance, or when they are not in direct contact (not touching), such as magnetic force, electrical force, and gravitational force. 
P.FM.05.21 Distinguish between contact forces and non-contact forces. 

P.FM.05.22 Demonstrate contact and non-contact forces to change the motion of an object.
P.FM.M.3 Force- Forces have a magnitude and direction. Forces can be added. The net force on an object is the sum of all of the forces acting on the object. The speed and/or direction of motion of an object changes when a non-zero net force is applied to it. A balanced force on an object does not change the motion of the object (the object either remains at rest or continues to move at a constant speed in a straight line). 
P.FM.05.31 Describe what happens when two forces act on an object in the same or opposing directions. 

P.FM.05.32 Describe how constant motion is the result of balanced (zero net) forces. 

P.FM.05.33 Describe how changes in the motion of objects are caused by a non-zero net (unbalanced) force. 

P.FM.05.34 Relate the size of change in motion to the strength of unbalanced forces and the mass of the object. 
P.FM.M.4 Speed- Motion can be described by a change in position relative to a point of reference. The motion of an object can be described by its speed and the direction it is moving. The position and speed of an object can be measured and graphed as a function of time. 
P.FM.05.41 Explain the motion of an object relative to its point of reference. 

P.FM.05.42 Describe the motion of an object in terms of distance, time and direction, as the object moves, and in relationship to other objects. 

P.FM.05.43 Illustrate how motion can be measured and represented on a graph.

	Materials/Software:


	
	Frames

	Process:


	
	Roller Coaster PBL Unit 

1. Presentation of the problem (designing and building a roller coaster and creating a Frames animation to reflect it)
2. What do you know about the topic? (brainstorm on chart paper)
3. Ask questions for investigation (these will become the topics included in research notebooks)
4. Set Expectations (share rubrics/grading scales)
5. Prepare for research (set up research notebooks, discuss citation of sources, etc…)
6. Research (using books, websites etc…) 
7. Synthesize research (planning for creation of roller coaster)

8. Building of roller coaster-including trails 

9. Technology introduction/instruction  (Frames intro)
10. Presentation of project (invite an audience)
11. Assessment/Evaluation (self, teacher, peer)

	Print Resources:
	
	

	Online Resources:
	
	Links to all the sites below are located on LCPS Kids Weebly in the science section under 5th grade:

www.lcpskids.weebly.com
How Stuff Works Potential/Kinetic Energy Rollercoaster Visual

This Website contains a short animation demonstrating how a roller coaster's energy is constantly changing between potential and kinetic energy.
http://adventure.howstuffworks.com/roller-coaster3.htm
Roller Coaster Physics-Britannica

The site includes a roller coaster animation with links to pages that explain concepts.

http://www.britannica.com/coasters/ride.html
Amusement Park Physics—Design a Roller Coaster
This website allows you to design a roller coaster…not test it.  After completing the roller coaster, you either pass the safety test or you are given suggestions on changes to make in order to pass the safety test.  This site is good for planning stages and gaining information on how physics affect roller coasters.
http://www.learner.org/interactives/parkphysics/coaster/
Design a Virtual Roller Coaster (Make Tracks) 
This is an excellent site for designing and testing a virtual roller coaster.  Students are able to see the roller coaster from three points of view (rider, side, and overhead).
http://sideshow.questacon.edu.au/maketracks.html
Funderstanding Roller Coaster Simulator

Design and test a roller coaster.  This simulator allows students to change the height of the hills, loops, friction, mass, gravity etc… in order to build a roller coaster that will make it to the end of the run safely.

http://www.funderstanding.com/coaster
Glencoe Science-Roller Coaster Physics

http://www.glencoe.com/sec/science/webquest/content/rollercoast.shtml
Free Powerpoint Presentations on Newton’s Laws, Motion etc…

http://science.pppst.com/newtonmotion.html
Roller Coaster Database

http://www.rcdb.com/
Newton’s Laws of Motion Interactive
A must see website that demonstrates each of Newton’s Laws through a fun interactive animation.
http://science.discovery.com/interactives/literacy/newton/newton.html
The Physics of Roller Coasters

http://library.thinkquest.org/TQ0313004/physicsofrollercoasters.html
Newton’s 3 Laws of Motion

http://teachertech.rice.edu/Participants/louviere/Newton/
Newton’s Laws for Kids-Overview
http://mechanical-physics.suite101.com/article.cfm/newtons_laws_for_kids_overview
Newton’s Laws for Kids-Gravity

http://mechanical-physics.suite101.com/article.cfm/newtons_laws_for_kids_gravity
Physics4Kids

http://www.physics4kids.com/files/motion_laws.html
Discovery Streaming Clips
TEAMS: Forces and Motion: Newton 2: Making Things Move (30:00)

TEAMS: Forces and Motion: More About Newton: Action Reaction
       (28:24)

TEAMS: Forces and Motion: Getting to Know Newton (30:00)

TEAMS: Forces and Motion: Measuring Forces (30:21)

Student Activity and Demonstration: How Roller Coasters and

       Pendulums Use Friction (4:29)
Roller Coaster Physics (23:57)

The Physics of Motion (1:00)

	Vocabulary: 
	
	Critically Important-State Assessable 

Instructionally Useful 

force 

balanced force 

change of direction 

change of motion 

change of speed 

force strength 

friction 

graph 

magnetic attraction 

magnetic repulsion 

mass 

relative position 

constant speed 

direction of motion 

gravitational force 

speed 

unbalanced force 

zero net force 

non-zero net force 

acceleration 

applied force 

kinetic energy 

mechanical motion 

Newton's laws of motion 

pulley 

deceleration 

inertia 

velocity 

magnitude 

lever 

inclined plane 

simple machines 

spring scale 

newtons 



	Instruments, Measurement, and Representations
	
	Measurements 

Instruments 

Representations 

mass 

balance 

kilograms, grams 

distance 

meter stick, measuring tape 

kilometer, meter, centimeter 

time 

stop watch, timer, clock with second hand 

hours, minutes seconds, 

speed 

meter stick, measuring tape, stop watch, timer, clock with second hand 

kilometers /hour, meters/second, centimeters/second 




