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Vignette #1 – Sinking and Floating (hands-on)
A fourth grade class has recently started a unit on sinking and floating.  So far, students have brainstormed objects they have observed in their everyday lives that sink and float, and have shared their ideas as to why.  Possible reasons they came up with include the mass of the object, how much air is in the object, and the size of the object.  The purpose of this lesson is for students to figure out why objects sink or float.  
The teacher had asked students to bring in small objects from home that they could use for this investigation.  Students have brought in a wide variety of objects, including rulers (plastic and wood), coins, wooden blocks, Legos, golf tees, pencils, pens, balls (baseball, tennis ball, golf ball), and even plastic dolls.  The teacher asks students to first write in their notebooks predictions of whether each object will sink or float in a tub of water.  Next, they test their predictions.  Students record the mass and size of each object and whether it floats or sinks in data tables they create in their science notebooks.  The groups then place their data on chart paper, which they hang on the wall behind their tables.  A sample data table is shown below:

	Object
	Mass (g)
	Shape
	Sink or Float?

	Plastic ruler
	42g
	Long and skinny
	Sink

	Pencil eraser
	13g
	Small
	Sink

	Troll doll
	243g
	Medium
	Float at first then sinks when water gets in

	Penny
	16g
	Small
	Sink

	Charm bracelet
	478g
	Medium long and skinny
	Sink

	Wooden block
	146 g
	Small cube
	Float

	Toothpick
	5 g
	Small and pointy
	Float


After the students have finished collecting data, the teacher leads a whole class discussion about their data and why things sink or float.  For example: 

Student 1: I noticed that when I placed the plastic cup on top of the water it floated, but if water gets inside the cup, it sinks.  

Teacher: So what conclusion can you make from your evidence?

Student 1: I think air has something to do with it.

Teacher: Air has something to do with sinking or floating.

Student 2: I don’t think so.

Teacher: Tell us why you disagree.

Student 2: We talked the other day about how big heavy boats float, and big boats are filled up with lots of cargo and stuff so there’s less air in them but they still float.  So I don’t think air has anything to do with it.  

Teacher: Okay, so air doesn’t matter.  Yes or No?

Some students in class nod their heads to indicate “Yes” and others shake their heads “No.”

Teacher: So what about the size of the boat?

Student 2: The boat is big and the cup is small, and both float.

Teacher: So is size an important factor in determining if things float or not?

Students: No.

Teacher:  Okay, how about mass?

Student 3: I think that it doesn’t have to do with mass.

Student 4: I don’t think so…

Student 3: [Interrupting Student 4]  Like a penny is not that heavy but it sinks.

Teacher: So you think that…

Student 5: Mass doesn’t matter.  

Teacher: …So you think mass is not a factor as to whether or not it sinks?
Student 3: The penny is light and it still sinks.

Teacher: So you’re saying mass has nothing to do with it.  We can throw mass right out the window.

The lesson ends with the teacher summarizing the class discussion.  The teacher tells students, “Today we investigated what factors determine whether an object sinks or floats.  Some of you have already made some conclusions about why things sink and others are still thinking about your data.  Tomorrow we’ll try putting our objects in a different liquid – salt water – to see how that affects things.”

Characteristics of Effective Instruction

Vignette #1:  Individual Record Sheet

	Evidence of “Motivation”



	Evidence of “Eliciting Prior Ideas”




	Evidence of “Intellectual Engagement”




	Evidence of “Use of Evidence”




	Evidence of “Sense-Making”
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Vignette #1 – Sinking and Floating (hands-on)

Notes on the Elements of Effective Instruction
	Evidence of “Motivation”

Students were asked to bring in small objects from home for testing in the classroom and were prompted to make predictions about which objects float or sink.  Focusing attention on objects of their choice was likely to provide intrinsic motivation for students to engage with the concepts of sinking and floating.




	Evidence of “Eliciting Prior Ideas”

Early in the unit, the teacher prompted students to share their own experiences with sinking and floating, and their ideas about why those objects floated or sank.  This brainstorming activity helped the teacher understand what her students think about the topic in general but did not specifically elicit students’ ideas about mass or volume, which determine density, a factor in determining whether objects float or sink.
Because of real-world experiences, ideas about buoyancy tend to be strongly held, making it all the more important that students have an opportunity to voice their initial ideas and have those in mind for re-consideration after evidence for the scientifically correct ideas has been presented and/or explored.
  



	Evidence of “Intellectual Engagement”

Although some aspects of the lesson seemed designed to promote the intellectual engagement of students with targeted concepts, there were others that prevented students from grappling with the ideas of floating and sinking.  The students carefully recorded their observations of mass, shape, and floating or sinking in data tables, and seemed engaged with thinking about the factors involved in sinking and floating, as witnessed in the class discussion:

· Student 2: We talked the other day about how big heavy boats float, and big boats are filled up with lots of cargo and stuff so there’s less air in them but they still float.  So I don’t think air has anything to do with it.

· Student 3: I think that it doesn’t have to do with mass.

 Student 4: I don’t think so…

 Student 3: [Interrupting Student 4] Like a penny is not that heavy but it sinks.
Although the students were trying to understand their results, the lack of control in the experiment and the lack of direction in the discussion made it impossible for them to engage with the targeted science ideas.  


	Evidence of “Use of Evidence”

The teacher asked for students’ agreement with a particular idea or claim, but not the supporting evidence, as illustrated in this dialogue:

Student 2: We talked the other day about how big heavy boats float, and big boats are filled up with lots of cargo and stuff so there’s less air in them but they still float.  So I don’t think air has anything to do with it.  

Teacher: Okay, so air doesn’t matter.  Yes or No?

Some students in class nod their heads to indicate “Yes” and others shake their heads “No.”

Teacher: So what about the size of the boat?

Student 2: The boat is big and the cup is small, and both float.

Teacher: So is size an important factor in determining if things float or not?

Students: No.

Teacher:  Okay, how about mass?

Note that although the teacher asked for evidence, she in fact accepted their responses at face value rather than probing for evidence. 




	Evidence of “Sense-Making”

The loose design of the activity made it impossible for students to reach a conclusion.  Thus, there was nothing to make sense of.  The investigation and subsequent discussion were not sufficiently constrained to allow the children to move forward in their thinking of the intended content; i.e., in this lesson, the materials introduced too many variables at once and the only measured variable was mass.  Although the students were wrestling with ideas that reflect the spirit of investigative science, there were no structures in place to help them collect appropriate data. Allowing students to use their own objects, without controlling for variables such as volume, the students were unable to determine which factors are integral to the sinking or floating of an object, preventing them from drawing valid, correct conclusions from their investigation.    
Subsequently, the class discussion about the investigation did not provide students with an opportunity to learn why objects sink or float.  Students proposed ideas, but there was no direction from the teacher or agreement from the class as to what ideas were and were not correct. Lack of guidance on a conceptual level limited the progress students could make in this lesson, and the plan for the next lesson, involving the use of salt water instead of fresh water, would make it even more difficult for the students to understand which factors affect whether objects float or sink.  



Vignette #2 – Sinking and Floating (not hands-on)
A fourth grade class is studying buoyancy.  In a previous lesson, students were asked to brainstorm about what makes objects float or sink.  Ideas volunteered by students included the mass of the object, how much air is in the object, and the size of the object. 

The purpose of this lesson is for students to learn that mass alone does not determine whether an object sinks or floats.  The teacher starts by saying, “At the beginning of this unit, you shared lots of factors that you think determine whether objects sink or float.  Many of you thought the mass of the object was important.  Let’s find out whether the mass of an object determines whether an object sinks or floats.  To start, I’ll do a demonstration.”  The teacher shows students the three objects pictured below. 
	Object 1
	Object 2
	Object 3
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	50 grams
	200 grams
	400 grams


The teacher asks students to predict whether each object will float or sink.  Almost all students think Object 1 will float and Object 3 will sink; students are divided as to whether Object 2 will float or sink.  The teacher asks students for their reasons.  One student shares, “Because heavy things sink and light things don’t.”  Many students agree.  The teacher places each object in a large tank of water, and the students observe, much to their surprise, that Object 1 sinks and Objects 2 and 3 float.  A discussion follows:

Teacher: You seem surprised by the results of the demonstration.  Tell me why.

Student 1: I thought if an object has a lot of mass, it sinks.

Student 2: Me, too.  I don’t understand why Object 1 sank, but Object 3, which was much heavier, floated.

Student 3: Maybe it was the way you placed the objects in the water that made them float or sink?

Teacher: Okay, I’ll repeat the demonstration.
The teacher does the demonstration again, being sure to place each object in the water in the exact same way.  The students observe the same results.

Teacher: So can we agree now that Objects 2 and 3 float, and Object 1 sinks?  
Students: Yes.
Student 4: But that can’t be right.  I still think mass makes a difference.  It must.

Teacher: Why do you think that?

Student 4: Rocks are really heavy, and you always see them at the bottom of rivers and creeks.

Teacher: Do you think those rocks are heavier or lighter than this 400 gram object?
Student 4: I think they are probably a lot heavier.
Teacher:  Okay, so maybe we need to collect some more data.  This next demonstration might help. (Addressing the whole class) Do you think all objects with a mass of 400 grams float?  Let’s test two more objects that have a mass of 400 grams.

The teacher shows the class two additional objects that are pictured below next to object 3:  
	Object 3
	Object 4
	Object 5
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	400 grams
	400 grams
	400 grams


Teacher:  Do you think they will float?  Why or why not?

Many students think that the new objects will float because their mass is the same as Object 3’s.  Some think that the new objects will sink because 400 grams is a lot of mass.  The teacher places the objects in the water, and the class observes that object 4 sinks and object 5 floats.  

Teacher: So what does this experiment tell us about mass and sinking and floating?

Student 5: Mass doesn’t seem to matter.

Teacher: Does everyone agree? [Many students nod their heads in agreement.]
Teacher: Who can tell me why?
Student 6: The really heavy object in the first demonstration floated, but when you tested the other two objects that also were 400 grams, one floated and one sank.    

Teacher: So what does that tell us?

Student 7: If mass was the reason why things float or sink, all of the 400 gram objects would have either sank or floated, but two floated and one sank.

Teacher: It sounds like we agree that mass alone does not determine whether an object floats or sinks.  Can we think of some examples from real life that support this conclusion?

Student 8: At the swimming pool, we throw in coins and dive after them.  They sink to the bottom of the pool, but they aren’t very heavy.

Student 9: Boats.  They are really heavy, much heavier than coins, and they float. 
Teacher:  If it isn’t mass alone, do these demonstrations raise any new ideas about what factors might affect sinking and floating?

Student 10: Volume

Teacher: Why do you think volume might matter?

Student 10: In the first demonstration, the volumes of the objects were not all the same and we got different results—one object sank and two floated.  So maybe the volume has something to do with it. 
To close the lesson, the teacher says, “As a class, we are now in agreement that mass alone does not determine whether an object floats or sinks, but we need to consider in our upcoming lessons if volume is a factor that affects floating and sinking.”

Characteristics of Effective Instruction

Vignette #2: Individual Record Sheet

	Evidence of “Motivation”



	Evidence of “Eliciting Prior Ideas”




	Evidence of “Intellectual Engagement”




	Evidence of “Use of Evidence”




	Evidence of “Sense-Making”
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Vignette #2 – Sinking and Floating (not hands-on)

Notes on the Elements of Effective Instruction

	Evidence of “Motivation”

The discrepant event presented in the first demonstration provided intrinsic motivation for students.  There are two aspects to this demonstration that helped pique students’ curiosity.  First, the teacher asked students to make their own predictions prior to conducting the demonstration, which invested them in the activity.  

Second, this particular demonstration contradicted what most students would expect to happen; the object with the greatest mass floated, and the one with the least sank.  Providing students with such discrepant events may motivate them to learn why their predictions were inaccurate.




	Evidence of “Eliciting Prior Ideas”

Early in the unit, the teacher prompted students to share their own ideas about sinking and floating.  The first demonstration specifically elicited students’ ideas about whether mass determines whether objects float or sink.  Students considered the objects and made predictions, explaining their reasoning for why they would float or sink.
Because of real-world experiences, ideas about buoyancy tend to be strongly held, making it all the more important that students have an opportunity to voice their initial ideas and have those in mind for re-consideration after evidence for the scientifically correct ideas has been presented and/or explored.




	Evidence of “Intellectual Engagement”

There is evidence that the lesson intellectually engaged students with the concept of buoyancy.  Before jumping to the planned instruction, the teacher clued students into the focus of this particular lesson, stating “Let’s find out whether the mass of an object determines whether an object sinks or floats.”  Right from the start students knew the goal of the lesson.

Also prior to the first demonstration, the teacher was careful not to let the demonstration be a guessing game about sinking and floating.  Students were asked to make predictions and to provide their reasoning, another way to focus students on the content being explored.

The students’ remarks in the discussion were thoughtful and focused on buoyancy.  Students appeared to be grappling with the results of the demonstrations, in light of their prior ideas, to try and figure out if mass determines floating and sinking, as evidenced by these discussion contributions:

· “I thought if an object has a lot of mass, it sinks.”
· “I don’t understand why Object 1 sank, but Object 3, which was much heavier, floated.”

· “But that can’t be right.  I still think mass makes a difference.  It must. …Rocks are really heavy, and you always see them at the bottom of rivers and creeks.”

The teacher further facilitated students’ intellectual engagement with the lesson by asking guiding questions throughout the discussion.  For example, when Student 4, still convinced that mass must affect floating and sinking, cites the example of heavy rocks in river beds, the teacher asked, “Do you think those rocks are heavier or lighter than this 400 gram object?”  The teacher did not allow the discussion to be sidetracked by all the contradictory examples students may have had.  Rather, she remarked that more data collection may be necessary, and continued with the next demonstration, which provided more evidence for students to consider.




	Evidence of “Use of Evidence”

During the first demonstration, a student suggested that the way the teacher placed the objects in the water affected whether they sank or float.  The teacher repeated the demonstration rather than telling the student s/he was incorrect.  Although using evidence to support claims is an essential part of effective instruction, it is also important that the evidence is agreed upon by the class.  If there is disagreement about the evidence, it is unlikely that students will be satisfied with the resulting claim, making it probable that students will not incorporate the claim into their existing understanding.  

After the first demonstration, it appeared as if at least one student was having trouble reconciling the results of the demonstration with his/her prior ideas.  Notice in the following excerpt from the discussion how the teacher prompted the student to explain why s/he was still holding on to his/her initial thinking.  The teacher recognized the student’s concern and admitted the need for more data collection.  
Teacher: So can we agree now that Objects 2 and 3 float and Object 1 sinks?  
Students: Yes.
Student 4: But that can’t be right.  I still think mass makes a difference.  It must.

Teacher: Why do you think that?

Student 4: Rocks are really heavy, and you always see them at the bottom of rivers and creeks.

Teacher: Do you think those rocks are heavier or lighter than this 400 gram object?
Student 4: I think they are probably a lot heavier.
Teacher:  Okay, so maybe we need to collect some more data.  This next demonstration might help. (Addressing the whole class) Do you think all objects with a mass of 400 grams float?  Let’s test two more objects that have a mass of 400 grams.
The teacher encouraged students to rely on evidence from the demonstrations to support their claim that mass alone does not determine whether objects sink or float, as illustrated by the following questions:

· So what does this experiment tell us about mass and sinking and floating?
· It sounds like we agree that mass alone does not determine whether an object floats or sinks.  Can we think of some examples from real life that support this conclusion?


	Evidence of “Sense-Making”

The teacher utilized skillful questioning to provide students with an opportunity to make sense of the evidence that supports the idea that mass alone does not determine floating and sinking.  She elicited students’ prior experiences, asking them to recall real world examples that provide additional support for their claim.
The sense-making the students did during this lesson was fairly explicit and clear, but it occurred during a discussion in which there was a lot of back-and-forth between the teacher and the students.  Accordingly, the teacher took another opportunity at the end of the lesson to restate the “take home” message of the day.  
The teacher also helped students move forward in their thinking, prompting them to consider what other factors, based on their experience with the demonstrations, might matter in floating and sinking if mass alone is not the whole story.




Vignette #3 – Conservation of Mass

An 8th grade class is just beginning a unit on conservation of mass and energy.  The purpose of this first lesson of the unit is for students to begin exploring the question of whether mass is conserved in a closed system.  The teacher has put two scenarios on the chalkboard before class starts:

Scenario 1:

You have the following materials on a mass scale:  one small beaker containing 250 ml of water; one beaker with 25 g of sugar; a wooden stirrer; and two cardboard cards, one covering each beaker.  If you then mix the sugar into the water, stirring until it is completely dissolved, recover the beakers, and place all of the materials back on the scale, will the reading on the scale have increased, decreased, or stayed the same?  Explain your thinking.

Scenario 2:

You have two beakers, each contains a different clear solution.  Both beakers are on a mass scale, and both are covered by a piece of cardboard.  You then pour the solution from one beaker into the other and replace the cardboard, and put both beakers back on the scale.  Small white particles form and settle to the bottom of the beaker.  Will the scale reading have increased, decreased, or stayed the same?  Explain your thinking.

At the start of the class, the teacher asks students to discuss each scenario in their four-person teams, and to record their responses in their science notebooks.  After the teams are finished, the teacher asks some teams to share their thinking, making sure to encourage students to share alternative ideas.  During this portion of the lesson, the teacher responds to the teams’ responses with neutral comments such as, “Interesting” or questions such as, “Why do you think that will happen?”, taking care not to give students clues to the “correct” answer.  

The teacher then tells the class that they will be doing these two experiments today in order to answer the following question: “In a closed system, do interactions cause the amount of mass to increase, decrease, or stay the same?”  After the teacher gives a brief reminder of lab safety rules and of the “uncertainty” (measurement error) of the scale they will use, the students gather the materials needed for the experiments and begin data collection.  The teacher provides them with a sample data table to use, which they copy into their notebooks:

	
	Dissolving Sugar in Water
(Scenario 1)
	Mixing Chemicals
(Scenario 2)

	End Mass
	___________ g
	___________ g

	Start Mass
	___________ g
	___________ g

	Change in Mass 
	___________ g
	___________ g

	Class Average Change in Mass
	___________ g
	___________ g

	Uncertainty in Mass
	___________ g
	___________ g


While the students are collecting their data, the teacher circulates around the room, providing assistance when necessary and making sure students are making careful measurements.  After the students complete data collection, the teacher asks the teams to consider the following question: “Taking into account the uncertainty in mass, does the mass increase, decrease, or stay the same?”  Although some teams found a very small change in mass, the entire class agrees that the change is within the uncertainty of the scale.  

The teacher then has students individually respond to two questions in their notebooks:

1. What do the data in this activity indicate about mass in a closed system?  Write your reasoning and include evidence from the activity.

2. How do the results in this activity compare with your predictions?

As students are working, the teacher circulates, checking students’ responses.  After all students have finished writing, the teacher leads a class discussion around these questions to make sure the class agrees on the conclusion that mass is conserved in a closed system, even when there are interactions among the objects in the system, and that they agree which data support this conclusion.

Characteristics of Effective Instruction

Conservation of Mass:  Individual Record Sheet

	Evidence of “Motivation”



	Evidence of “Eliciting Prior Ideas”




	Evidence of “Intellectual Engagement”




	Evidence of “Use of Evidence”




	Evidence of “Sense-Making”
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Vignette #3 – Conservation of Mass
Notes on the Elements of Effective Instruction

	Evidence of “Motivation”

The motivators in this lesson were the conservation of mass experiments themselves.  Being able to conduct experiments helped encourage students to be curious about the topic of the lesson, an example of intrinsic motivation.

 


	Evidence of “Eliciting Prior Ideas”

At the beginning of the lesson, the teacher presented students with two scenarios, asking them to discuss each with their teammates.  These scenarios provided a highly contextualized way of eliciting students’ prior knowledge about the concept of conservation of mass, helping to surface any misconceptions they might have about the conservation of mass.  For example, it is likely that many students incorrectly thought that the formation of a precipitate (i.e., the small white particles) in scenario two was a creation of matter resulting in an increase in mass.  The students’ predictions provided them an opportunity to explicitly consider their own ideas before conducting the experiments.




	Evidence of “Intellectual Engagement”

The teacher promoted students’ intellectual engagement with the lesson by telling them what the focus question was for the lesson: “In a closed system, do interactions cause the amount of mass to increase, decrease, or stay the same?”  In addition, the experiments were designed to confront students’ ideas about conservation of mass, and the closing questions were also aligned with the purpose of the lesson and the experiments, helping students focus on conservation of mass: 

1. What do the data in this activity indicate about mass in a closed system?  Write your reasoning and include evidence from the activity.

2. How do the results in this activity compare with your predictions?

The students were held responsible for doing the intellectual work needed to answer these questions, with the teacher circulating and checking their responses.  




	Evidence of “Use of Evidence”

In the concluding questions following the experiments, students were asked to use data from their activity to say what they had learned about mass in a closed system, an example of using evidence.  

In addition, the teacher ensured that students agreed on their results before the class attempted to draw conclusions.  As the teacher said, “Taking into account the uncertainty in mass, does the mass increase, decrease, or stay the same?”  Some teams did find very small changes in mass, but agreed that the change was within the certainty of the scale.  Coming to agreement on the results prior to making conclusions helped lend credibility to the evidence that students used to make their conclusions.




	Evidence of “Sense-Making”

The lesson was structured to include sense-making (i.e., a portion of the lesson in which students examine the results of their experiments and figure out what they mean).  The teacher started by making sure all the students agreed on the results before proceeding to ask them a few reflection questions.  In the subsequent class discussion, the teacher ensured that the students converged on the conclusion that mass is conserved in a closed system.

The students’ prior ideas were utilized again at the end of the lesson, when students were asked to compare their experimental results with their predictions.  This likely helped students identify if/how they needed to change their initial thinking and incorporate their new knowledge into their existing understanding.




Vignette #4 – Subduction

This lesson occurs toward the beginning of a unit on plate tectonics.  The high school students have been going through a series of lessons to help build an understanding that Earth consists of plates and that plate movement explains several phenomena on Earth (e.g., mountain formation, earthquakes, volcanoes).  The purpose of this particular lesson is for students to understand that subduction, where one plate moves beneath another plate, is one type of interaction that can occur at plate boundaries. 

The teacher begins the lesson by reminding students they have been talking about Earth’s plates, and that the topic is very important as the end-of-course assessment has several items on plate tectonics.  The teacher asks students to respond to the following questions as their “warm-up” activity:  What do you think happens at plate boundaries?  How do the plates interact?  

After students have finished writing responses in their notebooks, the teacher calls on some students to share their thoughts:

Teacher: So what happens at plate boundaries?

Student 1: Plates move, and we can see them moving at their edges.

Teacher: Can we really “see” them?  No, but we have evidence that they move.  What is some evidence that we’ve examined to support the idea that plates move?

Student 2: Hot spots and the pattern of the island chains they form.

Student 3: Earthquakes.

Teacher: So, how is an earthquake related to plates?

Student 3: There’s a fault there, which I think is near a plate edge or something.

Teacher: Interesting.  We’ve talked about earthquakes being evidence that rock is breaking and moving and are common at plate boundaries.  We’ve also talked about how hot spots, if we assume they are stationary, form chains of islands.  If the island chain is not near a plate boundary, the pattern of progressively older islands in the chain suggests that the plate is moving.  So, can we accept these phenomena as evidence plates do move?

Students nod in agreement.

Teacher: Alright, now we haven’t talked yet about the ways in which plates can move.  How can they move?  

Student 1: Plates slide back and forth, like side to side.

Teacher: Are there other ways or do plates only move one way?

Student 4: They can bump into each other.  

Student 5: Yeah, they can push together.

Teacher: Any other ideas?  [Students did not offer any more ideas.]
The teacher tells the class that today, they are going to use real earthquake data from a region in South America to see if they can learn more about ways plates move and interact with each other.  The teacher places on each student table a model consisting of an open box with a map of the west coast of South America taped on top and strings of varying lengths with beads on their ends hanging inside the box.  (A picture of the model follows.)  The teacher explains that the map on the top of the box represents the surface of Earth and the open side of the box represents their view beneath the surface of Earth. 

[image: image10.emf]
Each student also receives a table with a list of the locations of earthquake foci in this particular region, including latitude, longitude, and depth measurements from 1993 to 2004.  In the model, the latitude and longitude are marked on the map on top of the box, and the depth of the earthquake foci are represented by the length of the string under each mark on the map.  The bead hanging from the string represents the location of the focus of each earthquake.  

The teacher gives students a few minutes to examine the model and data table, then leads a discussion about the data represented in the model.  The conversation includes:

Teacher: What do you notice about the depth of the foci of the earthquakes as you go further inland from the coast of South America?

Student 6: Earthquakes are happening at deeper and deeper places.

Teacher: Correct, the earthquakes are deeper as you move inland.  Let’s look at our world map of Earth’s plates.  What does it show us on the west coast of South America?

Students: That there are two plates that meet along the west coast of South America.

Teacher: Yes, one is the South American plate and one is the Nazca plate.  Based on the data we looked at today and our model, we are able to make an inference about the interaction of these two plates.  According to the data, it looks like one plate is moving beneath another plate.  In this case, the Nazca plate is moving beneath the South American plate.  This type of plate movement is called subduction.

The teacher writes the term on the board, and students record it in their notebooks.  

Teacher: So why would scientists come to this conclusion?  What is some evidence that one plate is moving under the other?  [Pause]  Write down your thoughts in your journal.

Students take a few minutes to write.  Once most are finished, the teacher resumes his discussion:

Teacher: Reflecting on the conversation we had earlier, if these two plates were just sliding back and forth, side to side [the teacher models with his hands], where on the plates would we detect earthquakes?

Student 7: On both sides of the fault.

Teacher: Good.  And if plates are moving toward each other [the teacher models with his hands] where on the plates would we see evidence of this type of movement?

Student 8: It’s the same.  You’d have earthquakes on both sides of the plates.

Teacher: Good.  So according to your model, what appears to be happening at this plate boundary?

Student 9: The plate is bending down.

Teacher: Can you say more about that idea?  Use your evidence.

Student 9: It looks like one plate is going down.  My evidence is the earthquakes go in a pattern deeper in the Earth.

Teacher: Yes, that’s exactly what scientists noticed.

The teacher then has students record that one piece of evidence for subduction is the pattern of progressively deeper earthquakes along a plate boundary, indicating that rock is breaking and moving. 

The teacher then says, “Earlier we were talking about ways the plates can move relative to one another.  We can now agree that a plate can move beneath another plate. What do you think happens to the size of Earth if plate material moves beneath another plate?  That’s your homework for tonight; record in your journals what you think happens to the size of Earth when it subducts.  We’ll talk about it in class tomorrow.”
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Subduction: Individual Record Sheet

	Evidence of “Motivation”



	Evidence of “Eliciting Prior Ideas”




	Evidence of “Intellectual Engagement”




	Evidence of “Use of Evidence”




	Evidence of “Sense-Making”




For Facilitator Use Only

Vignette #4 – Subduction
Notes on the Elements of Effective Instruction

	Evidence of “Motivation”

The lesson attempted to motivate the students in two ways.  First, the students were told that their end-of-course assessment includes plate tectonics. This is an example of an extrinsic motivator.  

Second, the teacher told the students that they would be using real earthquake data from a region in South America to learn more about ways plates move and interact with each other.  The opportunity to work with real data likely increased students’ intellectual curiousity with the topic, an example of an intrinsic motivator.




	Evidence of “Eliciting Prior Ideas”

The teacher elicited students’ prior knowledge, situating the current lesson in the unit of instruction.  The “warm-up” activity prompted students to recall what they already knew about plates (including that plates move and that there is evidence for that movement) and led them to think about specific ways in which plates move.  Recalling previously learned information likely helped students have a framework in which to place the new knowledge they learned in this lesson.  




	Evidence of “Intellectual Engagement”

In this lesson, the students engaged with the content by participating actively in the discussions.  Following the examination of the model and data table, participating students seemed to be thinking about what the model represents and how that relates to plate boundaries.  One example of intellectual engagment included:

Teacher: What do you notice about the depth of the foci of the earthquakes as you go further inland from the coast of South America?

Student 6: Earthquakes are happening at deeper and deeper places.

Teacher: Correct, the earthquakes are deeper as you move inland.  Let’s look at our world map of Earth’s plates.  What does it show us on the west coast of South America?

Students: That there are two plates that meet along the west coast of South America.



	Evidence of “Use of Evidence”

The teacher pushed students to use evidence to support their ideas.  For instance, in the elicitation portion of the lesson, the teacher asked for evidence that plates move, rather than accepting the student’s response that “plates move:”

Teacher: So what happens at plate boundaries?

Student 1: Plates move, and we can see them moving at their edges.

Teacher: Can we really “see” them?  No, but we have evidence that they move.  What is some evidence that we’ve examined to support the idea that plates move?

Student 2: Hot spots and the pattern of the island chains they form.

Student 3: Earthquakes.

Teacher: So, how is an earthquake related to plates?

Student 3: There’s a fault there, which I think is near a plate edge or something.

Teacher: Interesting.  We’ve talked about earthquakes being evidence that rock is breaking and moving and are common at plate boundaries.  We’ve also talked about how hot spots, if we assume they are stationary, form chains of islands.  If the island chain is not near a plate boundary, the pattern of progressively older islands in the chain suggests that the plate is moving.  So, can we accept these phenomena as evidence plates do move?

Students nod in agreement.

Later in the lesson, during the sense-making portion of the lesson, the teacher prompted students to provide evidence for the idea that one plate can move under another plate.  

The teacher used guiding questions to elicit additional evidence and reasoning from students as they learned about subduction.  For example, the teacher asked, “What is some evidence that one plate is moving under the other?”, and “Can you say more about that idea?  Use your evidence.”  The teacher did not just accept students’ responses at face value, even though in this case the students were correct in their thinking.  He pushed them to back up their thinking with evidence, making explicit their reasoning for making particular claims.



	Evidence of “Sense-Making”

The teacher led students through a series of questions to help them understand the phenomenon of subduction.  
Teacher: So why would scientists come to this conclusion?  What is some evidence that one plate is moving under the other?  [Pause]  Write down your thoughts in your journal.

Students take a few minutes to write.  Once most are finished, the teacher resumes his discussion:

Teacher: Reflecting on the conversation we had earlier, if these two plates were just sliding back and forth, side to side [the teacher models with his hands], where on the plates would we detect earthquakes?

Student 7: On both sides of the fault.

Teacher: Good.  And if plates are moving toward each other [the teacher models with his hands] where on the plates would we see evidence of this type of movement?

Student 8: It’s the same.  You’d have earthquakes on both sides of the plates.

Teacher: Good.  So according to your model, what appears to be happening at this plate boundary?

Student 9: The plate is bending down.

Teacher: Can you say more about that idea?  Use your evidence.

Student 9: It looks like one plate is going down.  My evidence is the earthquakes go in a pattern deeper in the Earth.

Teacher: Yes, that’s exactly what scientists noticed.
The teacher then has students record that one piece of evidence for subduction is the pattern of progressively deeper earthquakes along a plate boundary, indicating that rock is breaking and moving.
Notice that to help ensure that the students were coming to an understanding of the targeted ideas, when the students provided evidence and claims, the teacher confirmed their accuracy.  For example, the teacher said, “That’s exactly what scientists noticed” with regard to the pattern of progressively deeper earthquakes near the plate boundary, and then had students record the agreed upon evidence in their notebooks.  It was clear to the class what the result of the discussion was.





