	
	ERESE 5-Stage Inquiry Lesson Plan

	Teacher Name
	Christina Symons

	Lesson Title
	Seafloor magnetism and plate tectonics.

	Intent of the lesson
	Teach the students that a unique pattern of magnetic stripes can be used to identify the age of plates as well as the location of mid-ocean ridge spreading centers.

	Grade
	Advanced H.S. or College Level Earth Science Course

	School
	SIO ERESE Teachers’ Workshop

	City, State
	La Jolla, CA

	Ed. standards
	Introduction to Earth Science Course at the College Level (UCSD) 

National Science Education Standards:

Content Standard A: Science as a Inquiry

     * Abilities necessary to do scientific inquiry

     * Understanding about scientific inquiry

Content Standard D: Earth and Space Science

      * Origin and evolution of the earth system

      * Energy in the earth system

Content Standards E: Science and Technology

      * Understanding about science and technology

	Orientation
	Introduce available tools and concepts so that students feel safe taking intellectual risks

	  Intent
	Provide direction via general instructions to review students knowledge on scales and patterns.

	  Procedure  
	I will outline the following "skills" that a geologist might use to analyze the maps and profiles (provocative phenomena) that I will share. 

"We must think like a geologists."

The skills I will discuss include the following:

1. Scale

2. Patterns (as defined by color as well as in the profiles, for example, repeating linear patterns)

3. Orientation (eg., where is North?)

	Type of Evidence
	Questioning. 

	Teacher profile
	3; I will ask questions such as "What is scale?", "How would you recognize a pattern?",  "How can you identify the orientation of a map?"

	 Student profile
	1.5; Students will demonstrate knowledge as to how scales are used, how to orient maps and  what might constitute a pattern.

	Fieldwork 

	Give students experience to foster their interest and ownership; provoke students to explore, observe and generate their own questions about the phenomenon

	  Intent
	Guide students in focusing observations and allow for adaptation.

	  Procedure
	I will hand out a packet within which I list the data at each of 3 stations as well as suggestions for making observations. 

Students will be allowed 15 minutes at each station before moving to the next. 

Each student should record their scientific observations and questions on the Student Worksheet (add link).

Provocative Phenomena are:

Regional EPR Bathy/Topo Map with SIOExplorer Cruises
Local EPR Bathy + PANR01MV and WEST14MV track lines + mag data
Local EPR Bathy + segments of PANR01MV and WEST14MV track lines + mag data
Magnetic Profiles of PANR01MV and WEST14MV across the EPR (same as map)
Model of magnetic wiggles generated at 25, 50, 100 and 125 km/my (upload!)
Station 1:

(1) Regional Bathymetric and Topographic Map of SIOExplorer Cruises

(2) Local Bathymetric and Topographic Map + PANR01MV and WEST14MV track lines + magnetic data

(3) Local Bathymetric and Topographic Map with select segments of PANR01MV and WEST14MV track lines + magnetic data

Station 2:

(1) Local Bathymetric and Topographic Map with select segments of PANR01MV and WEST14MV track lines + magnetic data

(2) Magnetic Profiles of PANR01MV and WEST14MV from map #3.

In making your observations, be sure to focus on scale and patterns (as may be described by changing colors as well as the data “wiggles”).

Station 3:

(1) Select magnetic profiles from PANR01MV and WEST14MV (same profiles as Station 2).

(2) Four modeled magnetic profiles.  Each one starts at the present is generated with variable spreading rates.  All models are from same latitude and longitude, 16°N, 115°W, respectively.

You are comparing real data and modeled data here.  Consider patterns and scale while making your observations.

Anticipated Observations:

Why is the magnitude of the spikes different? What causes this?

Farther east from the spreading center there is a back and forth survey where anomalies became parallel.

Magnetic patterns were symmetric across the spreading center but not exactly the same.

Magnetic data looks wild on turns.

One track line is perpendicular to the spreading ridge and one is parallel

Why don’t the stripes and spikes correlate?

How long does it take for the magnetic field to reverse?

What do the spikes mean?

Why does the intensity vary?

Does the topography of the ocean floor have any correlation to the amplitude of the magnetic data?

What are we looking at?

I noticed a lot of variability in the topography underwater.

What would it look like at the Mid-Atlantic Ridge in the Atlantic Ocean?

Which plates are these?

What is the spreading rate?

What controls the rate of spreading and does it remain constant?

What do scientists do with this data?

Why did ship the change direction?

	Type of Evidence
	Questioning that demonstrates a shift in the ownership of the question FROM me TO the students.

	  Teacher profile
	2; providing focus for observation and allowed for adaptation.  I will ask the following types of questions, "How would you compare the two profiles?", "What is the main objective of CruiseViewer?" "What do you see?", "What is happening?", "What are you noticing?"

	   Student profile
	4;  Generates independent observations.  The students should be saying things like "Why are these different?", "Why does this change?"

	 Debriefing
	Teacher honors all student observations, questions and hypotheses in order to identify and discuss their viability as a research topic. 

	  Intent
	Facilitate the generation of students’ questions. Provide students an opportunity to share their observations and questions in written form. Also provide an opportunity to go through the students' lists of questions to get them to think about the viability of their question, identify the variables, and decide what data would be collected.

	  Procedure
	Ask each student to share observations, record observations for all to see.

Start with observations from Station 1 and go around the room until no one has new observations or questions. 

Encourage questions that begin with "I wonder why..." or "I wonder what....". 

Do the same for Stations 2. 

After the students have exhausted questions I will group the observations according to those that we can address and those that we cannot (either we don't have the time, the means or the know-how).  Of those that we can address, further divide them into 3 subtopics of magnetic reversals, spreading ridges and plate motion.  Each subtopic has a pre-defined question and a researchable hypothesis. 

Allow the students to sign up to answer one of the defined questions.

Suggested content lesson:

How to take raw observations and turn them into researchable hypotheses.  (See attached.)

	Type of Evidence
	Probing Questions "How can you make your observation into a 'I wonder' statement?"  "Is it a testable question?"

	  Teacher profile
	1; Provides an opportunity to generate questions.  Ask students to elaborate on observations - "What else did you notice?", "How does that relate to ____?"

	  Student profile
	4; Generates a question. They will be able to connect their observations and questions to the underlying themes by answering and elaborating on my probing questions.

	Experimental design
	Design an investigation wherein students gather and analyze data that address the identified question 

	Data collection
	Define approach for collecting data

	Intent
	Assist each group in identifying major concepts necessary to answer their questions and as well as the procedure that will be used.

	  Procedure
	The subtopics, questions and hypotheses the students will address are the following:

Magnetic Reversals

1. Question: How often does the Earth’s magnetic field reverse?

Researchable Hypothesis:

The magnetic field reverses on a timescale such that it can be recorded in the oceanic crust created at a spreading center.

Concepts include understaning the geologic time scale, the earth's magnetic field and understanding the patterns of magnetic anomaly reversals recorded in the seafloor.  Information about all three can be found in the resource matrices below (which come from the digital library, earthref.org)

Spreading Ridges

2. Question: How do we identify mid-ocean ridges?

Researchable Hypothesis: The symmetry of magnetic anomalies can be used to determine the location of spreading centers

Need to identify concepts and and procedure.......

Plate Motion

3. Question: How can you determine the rate of plate motion away from a spreading center?

Researchable Hypothesis:

a. (If) The width of the magnetic stripes correlate with the geomagnetic timescale

b. (Then) The age of the ocean floor can be determined by identifying magnetic anomalies.

Need to identify concepts and and procedure.......

Students will be encouraged to use images from the resource matrices in the CEO to address their chosen questions.  If the objects aren't available they may want to upload their own.

Possible Content Lessons:

1. Introduce students to the CEO format and the use of the resource matrices.  What is a browser?  What is Composer?  What is html?  How do I modify an html file?

2. Demonstrate the use of Earthref.org.  How can they search for objects within this digital library?  How can they add things to the digital library?  They may have their own objects that they'd like to use for experimentation and data analysis.



	Type of Evidence
	Questioning

	  Teacher profile
	2; Guides students to what evidence to collect and how to collect it.  "What are  you going after?", "What kinds of data do you need?", "Where will you get it?"

	  Student profile
	3;  Guided to collect specific data.  They will be directed towards the digital library but left on their own to choose which objects will help to answer their question.  They should be saying things like, "What do we need....?", "What facts or ideas address our topic?"

	Data analysis
	Define approach for analyzing data

	  Intent
	Allows students to formulate explanations after summarizing evidence.

	  Procedure
	After familiarizing themselves with the resource matrices and discussing their scientific questions with the Lead Learners they should be able to tell a story that guides the audience towards the proof of their hypothesis.

Each of the 3 topics needs specific directions as to how to analyze the data:

Magnetic Reversals:  (I need to fill in.)

Spreading Ridges:  (I need to fill in.)

Plate tectonics:  (I need to fill in.)

Potential content lesson on data analysis.  (See attached.)

	Type of Evidence
	Questioning patterns.

	  Teacher profile
	2.5; Ask questions to demonstrate whether students have logically analyzed data.  "How can you identify the spreading ridge?", "What evidence can you find to support the spreading rate?"

	  Student profile
	3; Students should ask each other "What does this mean?", "How do we inerpret this pattern?", "How do we calculate the spreading rate?"

	Presentation
	Teacher provides students an opportunity to prepare and communicate what they have learned. 

	  Intent
	Provides broad guidelines to use in communnication.

	  Procedure
	Students will be asked to present their work following the Lab Report template. 

They should fill out the Lab Report on their own.

They will present their work in a 10-minute PowerPoint presentation to the rest of the class.  The presentation should include images from the CEO (resource matrices) but may include images from other resources.  Students will be allowed to ask questions of each presenter.

At the conclusion of the presentation students will turn in their presentation and their lab report, 1 per group.

	Type of Evidence
	Language patterns in questioning style.  Conversations should be student to student, not teacher to student. Student generated presentations.

	  Teacher profile
	1; Teacher and student ask same kinds of questions - clarifying questions.

	  Student profile
	4; Should be presenting and defending opinions by making judgments about the information they've presented.


