Science Lesson Planning Template

Context Issues of the Lesson

	Unit or Lesson Title:
	Earthquakes



	Grade Level
	4th grade

	Topic/Theme/Nature of the Investigation:
	Investigating how building infrastructure on unstable soils is not a good idea, but how engineers have designed solutions to protect the infrastructure and continue building.



	NGSS Performance Expectation(s)

	4-ESS3-2.
Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans.


	NGSS Dimension 1 component

	Constructing Explanations and Designing Solutions: Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution. (4-ESS3-2)

	NGSS Dimension 2 component

	ESS3.B: Natural Hazards
A variety of hazards result from natural processes (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate the hazards but can take steps to reduce their impacts. (4-ESS3-2) 
ETS1.B: Designing Solutions to Engineering Problems
Testing a solution involves investigating how well it performs under a range of likely conditions. (secondary to 4-ESS3-2)


	NGSS Dimension 3 component

	 Influence of Engineering, Technology, and Science on Society and the Natural World
Engineers improve existing technologies or develop new ones to increase their benefits, to decrease known risks, and to meet societal demands. (4-ESS3-2)


	Duration:
	3 class periods (present topic, experimentation, and presentation).


Planning Stages Within the 5-E Inquiry Model

	Engage

	PURPOSE: 

· Introduce students to the idea that humans put themselves at risk living in areas that are prone to natural disasters (i.e. living on/near an active fault)

· Engineers try to come up with solutions to problems so that humans can live safely in these high-risk areas.



	What is the teacher doing? What are the students doing?

· Students will watch a video on the 1989 Loma Prieta earthquake the devastated the San Francisco Bay area (http://www.youtube.com/watch?v=Z7eABGpOHv8).
· Ask students to guess what the magnitude (using the Richter scale and Mercalli Scale) of the earthquake was (6.9).
· “Although a 6.9 earthquake is strong, why was there so much destruction due to this earthquake?” (Guide students to realize it was because the Cypress Street Viaduct was built on alluvium (loose sediment) and marshland)


	Explore

	PURPOSE:  

· Demonstrate how buildings built on loose sediment and sediment saturated with water can be structurally unsound during an earthquake.



	Activities (list)
	Driving Question

	· Students will create a contour map of the measured Mercalli scale intensities at locations around the epicenter of the Loma Prieta earthquake.

· In a simple experiment, students will test the durability of a sandy foundation.  They will have to saturate the sand and place a brick vertically in the sand.  Then they will simulate an earthquake by tapping the mallet on the bucket a number of times and observe what happens to the brick.


	What causes an earthquake to be so destructive if the epicenter is so far away?

(ex. the epicenter of the Loma Prieta earthquake was 60 miles south of the Bay area)

Materials:

Buckets

Sand

Rubber mallets

Water

Beakers (1000 ml)

Bricks



	Student Communication Product: (written report, oral presentation, poster, etc.)

· Students will record their hypothesis, data, results and conclusions in their Science Journals.

· We will answer the Driving Question by learning that much of the San Francisco Bay area infrastructure is built on landfill (garbage), sand, and mud.  These foundations are very unstable. 

· Even though the epicenter was 60 miles away, the most damage was caused because of unstable sediments.

	Explain

	PURPOSE:

· Students will be able to explain the process of soil liquefaction and why it is a unique characteristic of earthquakes.



	Content Media: (written material, video, teacher lecture, technology)

· Students will take a handful of saturated sand from a prior experiment and squeeze it between their hands.  Water will pour out of the sand/water solution and as a result, the sand will be closer together.
· Water saturated soils behave differently when seismic waves act on them.  In fact, it has sort of the opposite effect.  Instead of squeezing the water out, the force of the seismic waves pushes the sand particles apart because it increases the pressure of the water.  Sand is suspended in the water and the soil becomes very unstable.
· Students will watch a video about the 2011 earthquake in Japan (http://www.youtube.com/watch?v=TzlodnjPAuc)
Student Communication Product (assessment): (unit test, written report, oral presentation, poster, etc.)

· In their Science Journals, students will illustrate through sketches how liquefaction takes place during an earthquake.



	Elaborate

	PURPOSE:

· Students will have to design a solution to the problem of building on loose sediment soils.



	Activities:
· Students will experiment with a variety of materials to determine the “best” way to stabilize loose soils.
Content Media: (written material, video, teacher lecture, technology)

· Using the app iSeismometer, students will test their solutions at various magnitudes.
· Students will also have a sheet that describes a few methods proposed by engineers.  They can test these methods to see which ones work best, or they can come up with their own new method.
Extending/Application Questions for Whole/Small Group Discourse:

· Is there a solution to the issue of building on loose sediments?  If so, explain why or why not you feel it is a “good” solution.  Consider the cost of improving the infrastructure and proofing new buildings for earthquake damage.
· Should we continue to build on loose sediments even though we know there is a great potential risk of damage due to a strong earthquake? 
Student Communication Product (assessment): (unit test, written report, oral presentation, poster, etc.)

· Students will document their experimental process in their Science Journals.  They will perform the experiment 3 different times.  They will create a hypothesis for each experiment, document the materials used, how well the structure held up at different magnitudes, and come up with a conclusion to explain why this method worked or did not work.

· Students will then create a poster detailing their best method and present it to the class.  If none of their methods were effective, then they will create a poster to explain why they didn’t work and how this contributes to our engineering study (what new problems does this pose?) 



	Evaluate

	PURPOSE:

· For students to understand that engineering is a science based on human needs.  Engineers take problems and create effective solutions.

· There may not be one simple solution, but multiple solutions.

·  For students to realize that humans put themselves at-risk for danger, but are able to create solutions to be able to live in high-risk areas.  Because of the threat to human life, it opens up the door to discover new sciences.

· For the teacher to assess students’ ability to think critically and observe a development in problem-solving skills.



	Skill/Reasoning Learning Objectives
	Assessment Instrument

	· Students will make an argument for or against construction on unstable soils and be able to justify it with evidence.

	· Students will write a short essay describing their argument for or against continuing to build on unstable soils knowing that we are aware of the great potential risk for damage.  They will have to support their argument with evidence from the experiments. 

	Knowledge Learning Objectives
	Assessment Instrument

	· Students will explain why engineering is an important practice in our world.

	· Included in their essay, students must also make a brief claim about the importance of engineering in our society and why it affects how and where we live.


Resources:

· Experimental methods (pg. 35) http://www.ce.memphis.edu/7137/PDFs/Reference2/Seed%20et%20al.pdf
· Contour map http://crack.seismo.unr.edu/ftp/pub/louie/class/100/mercalli.html
· Liquefaction experiment http://www.exploratorium.edu/faultline/activezone/liquefaction.html
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