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	Established Goals (Vermont Standard from Framework):

7.1 
Students use scientific methods to describe, investigate, and explain phenomena and raise questions in order to: 

Generate alternative explanations - hypotheses - based on observations and prior knowledge

Design inquiry that allows these explanations to be tested; 


Deduce the expected results; 

Gather and analyze data to compare the actual results to the expected outcomes; and 

Make and communicate conclusions, generating new questions raised by observations and readings. 

This is evident when students:

7.1.dd. Describe, explain, and model, using evidence that includes scientific principles and observations;

7.1.ii. Work individually and in teams to collect, share, and present information and ideas.

7.15 
Students demonstrate understanding of the earth and its environment, the solar system, and the universe in terms of the systems that characterize them, the forces that affect and shape them over time, and the theories that currently explain their evolution. This is evident when students:
7.15.aa. Identify, record, and model evidence of change over time (e.g., earth's history: biological, geological);

7.15.bb. Identify evidence of, model, and explain the patterns and forces that shape the earth (e.g., atmospheric, geological);

7.15.cc. Identify, record, model, and explain the interrelated parts and connections between earth systems (e.g., crustal plates and land forms; atmosphere, water cycle, weather, and oceans);


	Enduring Understandings:

Students will understand that …

· Our earth is a system changing over time as a result of forces acting within its layers and its surrounding atmosphere.
· The universe, earth and all earth systems have undergone change in the past; continue to change in the present and predicted to continue changing in the future.
· The universe, earth and all earth systems have undergone change in the past; continue to change in the present and predicted to continue changing in the future.

	Essential Questions:

· How, why and how quickly does the earth’s surface change over time? (GE 47)
· Which changes on the earth are slow? Fast?

· At what (average) rate does the earth’s shell change? What influences affect that rate of change?
· How do geological changes affect our earth? (GE 46-47)

· How do the Rock Cycle and the study of different rock forms and fossils tell us about Earth’s natural history?  

· How can we use layers of sedimentary rock to confirm the history of the changing surface of the earth?

· What remains are found in successive layers and forms?

· How do we determine the relative age of fossils within sedimentary rocks from their location in the strata?
· How do features or processes on the earth’s surface provide evidence of relationships between Earth’s continents – past, present and future?  

· How are coastlines, mountains, rivers, canyons and deltas evidence of the earth’s history?

· How do earthquakes occur?

· Why do volcanoes erupt?

· How are sedimentary, igneous and metamorphic rocks similar and different? 
· What characteristics define rocks?

· What processes occur when rocks are changed from one form to another?

· How does the geologic structure of the earth’s layers influence geologic changes?
· What are the layers of the earth?

· What is the nature of each layer?



	Students will know …

(taken from GE Concepts)
Science Concepts 46:

a. Rocks come from magma or lava, as well as from sediments that build up in layers. As all rocks from earth’s surface weather, form sediments and become buried and heated (through pressure or direct heat), they may crystallize into new rock. Eventually those new rocks may be brought to the surface by forces that drive plate motions (The Rock Cycle).

b. The earth is layered with a rigid shell, a hot mantle and a dense metallic core.    

Science Concepts 47:

a. Some changes on the earth can be very slow, such as weathering and mountain building, and some can be very fast—such as volcanoes and earthquakes.

b. Earth’s rigid shell is composed of large plates that move at rates of centimeters a year. Major geologic events, such

as earthquakes, volcanic eruptions and mountain building, result from these plate motions.

c. Thousands of layers of sedimentary rock confirm the long history of the changing surface of the earth and the changing life forms whose remains are found in successive layers (land forms—coastlines, mountains, rivers, canyons, deltas).


	Students will be able to …

(taken from GE stems and inquiry GEs)

S5-6:46 Students demonstrate their understanding of Processes and Change over Time within Earth Systems by…

· Using data about a rock’s physical characteristics to explain the rock’s history and connection to the Rock Cycle.

                          AND

· Creating a model of the earth’s structure and explaining the nature of the layers

S5-6:47                                              

Students demonstrate their understanding of                                          Processes and Change over Time within Earth Systems by…

 · Identifying examples of geologic changes on the earth’s surface, where possible, in the local environment (include slow and fast changes).

                           AND

·  Plotting locations of volcanoes and earthquakes and using these data to explain the relationship between location and plate movement.

                          AND

·  Explaining the processes that occur when rocks are changed from one form to another.

                          AND

· Determining the relative age of fossils within sedimentary rocks from their location in the strata (i.e. which fossils within a sequence are older).
· S5-6:1                                                       raise scientifically oriented questions that can be answered through observations, experimentation and/or research. At early stages, students learn how to develop investigable questions that guide their work. At later stages, students connect their questions to scientific ideas, concepts, and quantitative relationships that inform investigations.
· Identifying multiple variables that affect a

system and using the variables to generate experimental questions that include cause and effect relationships.

· S 5-6: 2                                                  Using logical inferences derived from

evidence to predict what may happen or be observed in the future.

                            AND

· Providing an explanation (hypothesis) that
is reasonable in terms of available evidence.

· S5-6:4                                                      demonstrate their ability to CONDUCT EXPERIMENTS  by…

· Choosing appropriate measurements for 

the task and measuring accurately.              AND
· Collecting data and recording accurate and

complete data from  multiple trials.           AND
· Drawing scientifically:

·    a. Selecting an appropriate perspective (e.g., cross section, top view, side view) and recording precise proportions.


	Appendix I:  Summary of Adult Content Knowledge

From GE 46-47:

· Geologic changes in the earth can be observed to help us make sense of the past and predictions about the future.
· There are natural patterns and occurrences in the Earth’s crust that explain specific geographic landforms, as well as natural processes such as earthquakes and volcanic eruptions.
From Delta Science Modules: Earth Processes – Teacher’s Edition:

· Although Earth is organic and nonliving, it is not static.  Earth processes are constantly occurring.

· The rate of Earth processes is variant – some happen quickly and are visible, others happen more gradually and are not visible for many years, while others occur very slowly and have only been proven through recent data.

· Theory of Continental Drift – long ago, the continents were joined as a supercontinent (Pangea) – Alfred Wegener (1915).  There is evidence supporting this theory:

· The shapes of Earth’s continents seem to fit together.

· Rock formations of the same type and age are found of different continents.

· Fossil remains found on different continents.

· Glacial deposits of same age/composition found on different continents.

· Matching mountain belts of different continents.

· Theory of Plate Tectonics – evidence dating back to Wegener (including the 1961 work of geologists Harry Hess and Robert Deitz) led to this theory:

· Lithospheric plates (made of crust and portion of upper mantle) are moved around by convection currents in the mantle.

· New oceanic crust is made at ocean ridges, destroyed in ocean trenches.

· Plate movements cause events such as earthquakes and volcanoes along the plate boundaries, where strain and stress build.

· Volcanoes and Rock Formation:
· When volcanoes erupt, magma (molten rock) comes up from the mantle and crust.

· Lava is formed when magma reaches Earth’s surface.

· Igneous Rock is formed when magma or lava cools.

· Sediments are produces when igneous rocks weather and erode. These sediments are transported, deposited and eventually formed into Sedimentary Rocks.

· Metamorphic Rocks are formed when sedimentary rocks are heated and compressed.

· The ongoing process of rocks changing from one cycle to another is called The Rock Cycle.
· Forces of Nature:
· Weathering – the process in which wind, water, temperature changes and plant growth breaks rocks down into smaller pieces.

· Physical Weathering – when natural processes break rocks into smaller pieces – freeze/thaw; root growth; wind/sand blasting rocks; erosion.
· Chemical Weathering – when the chemical composition of a rock is altered – water, gases, acids in the air act on rocks.

· Erosion - removal and transport of weathered material by wind, water, ice, gravity.

· Deposition - eroded material comes to rest.

· Soil - formed by the physical and chemical weathering of rock, erosion and deposition.  The loose material composed mostly of weathered rock – covers most of Earth.


	Appendix II:  Summary of Research on Student Learning(Misconceptions)

Making Sense of Secondary Science (Driver, 2005):

· Rocks have to be large, heavy and jagged

· Do not associate minerals with rocks

· Confusion of layers in sedimentary rocks with cleavage planes associated with metamorphic rocks

· Few/no ideas of formation of igneous rocks

· Associate igneous rocks with fire or volcanoes

· Metamorphic rocks associated w/ metamorphosis, butterflies, plants in general

· Words: “boulder”, “gravel”, “sand”, “clay” – specific scientific meaning.  Children associate:

· Boulder – larger, rounded piece of material which has rolled down a hillside

· Gravel – used to describe the loose material at sides of roads

· Sand – beaches or deserts

· Clay – sticky, orange stuff found underground

· Mountains – high rocks or clumps of dirt and soil OR made of molten rock or rock pushed up

· Volcanoes – all mountains are volcanoes; occur on fault lines or over weak spots or “stuff just comes up there” or “heat builds up and has to get out”

· Mountain ranges – associated with cowboy movies

· Weathering – the idea of water expanding and freezing appears to be a difficult one for children to accept – volume increases as temperature rises

· Soil – it is “just dirt” or “stuff on the ground”, a medium for plant growth

· Formation of soil strongly associated with deposition by rivers

· Origin of soil – dinosaur manure, volcanic action, that soil is a precursor of rock

Benchmarks for Science Literacy: (AAAS Project 2061):

· The world was always as it is now – any changes that have occurred must have been sudden or comprehensive.

	Stage 2 – Assessment Evidence



	Performance Task(s) Summary:

Our Kindergarten and First Grade Mentees have a dilemma.  During a recent field trip to one of the gravel pit in Dorset, they collected two rocks.  The Mentees want to know what types of rock they have collected – igneous, sedimentary or metamorphic?  During your next visit with your Mentees, you will need to answer that question and provide evidence that proves your decision is correct. You will present the information as a storyboard or visual presentation (a slideshow or a comic strip would be possible presentations as well).  Your story can be written as a fiction story or children’s book, including characters and a story line, but the focus of your story must stick to the rock’s life in the rock cycle and at its current form.

Your task is to explain to (or show) your mentee that the rocks are igneous, sedimentary or metamorphic.  You need to examine the rocks and conduct an investigation and:

1. Identify what type each rock is, using concepts of hardness, grain size, foliation, color, and composition.
2. Support your conclusion with evidence, citing its defining characteristics.

3. Explain how this particular rock could have been formed, citing the processes and forces affecting it at different stages in the rock cycle.

4. Create some type of story, storyboard or presentation that tells the rock’s “life story”, including how it became the rock that it is.

You will be assessed on the following criteria:

· Correct identification of rock samples as igneous, metamorphic or sedimentary. (GE 46)
· Use of rock characteristics to define each sample, including an explanation of how the rock reached its current state in the Rock Cycle. (GE 46)
· Accurate representation (visual and written) of the rock’s movement through the rock cycle, including how it changes from one type of rock to another. ( GE 1, GE 46)

See Attachment I for Assessment Rubric
Key Vocabulary to Utilize:
texture, grain, sediment, deposition, foliate (foliated, foliation), layers, strata, heat, cooling, melting, harden, pressure, temperature, sediment(s), physical reactions, chemical reactions, clastic, non clastic, lava, magma, compaction, cementation, sedimentary, metamorphic, igneous, extrusive, intrusive, organic, crystals, weathering, transportation

	Indicators of Proficiency:

1. Student accurately identifies each rock as igneous, sedimentary or metamorphic.

· Student uses characteristics of rocks to define & describe the rock samples given in the task. (GE 46)
· Students conduct research and observation into the characteristics in their defining process. (GE 1, GE 46)
· Student product describes the process the rock has undergone in becoming the specific type of rock that it is. (GE 46)
     2. Students translate their findings into an informative presentation for the Mentees.

	Other Evidence:

· Delta Science Module Third Edition: Earth Processes – Multidimensional Assessment (3 Sections)
· Section 1 Hands-On: modeling 3 ways mountains are formed; comparing 3 rock samples and studying a diagram showing their origin in rock strata around a volcanic mountain to determine its last eruption.
· Section 2 Visual Analysis: analyzing drawings of volcanoes and naming the balance between the crust and mantle; labeling crust, mantle and core on a drawing of Earth while coloring hottest and coolest layers and drawing arrows for convection currents; analyzing diagrams of ocean crust and landforms.
· Section 3 Critical Thinking: Constructed Response essays in relation to analyzing data on the Richter Scale, and descriptions of what victims of an earthquake observed.

	Stage 3 – Learning Plan



	Learning Activities:

All lessons in the Delta Science Module are included in this unit, and will be done sequentially.  More emphasis is placed on lessons 3, 4, 5 and 6 as they are directly connected to GE 46 and GE 47 and connected to the performance task assessment.

· Delta Science Module Third Edition: Earth Processes – 14 Activities/Lessons

· Lesson 1: Pieces of a Puzzle – Introduction of theory of continental drift and land masses fitting together. Students hypothesize how major land masses 
· Lesson 2: The Structure of Earth – Using concentric spheres to construct a model of Earth and its layered structure
· Lesson 3: Earth’s Weathered Crust – After a class discussion of weathering (including specific agents of chemical and mechanical weathering) and where students have seen examples of weathering, students will work in teams of four to examine the composition of Earth’s crust and different types of soil, as well as simulate the chemical and mechanical weathering of rocks.
The essential question “How, why and how quickly does Earth’s surface change over time” will be addressed in this lesson.This is a broad essential question.  Would it be useful to also have a more focused question like:  How do rocks break down over time?
A. In teams, students will simulate chemical and mechanical weathering of rocks.  To simulate chemical weathering, students will use a piece of marble, a hand lens, a pipette and a small amount of vinegar.  After dropping the vinegar on the marble, students will use hand lenses to observe bubbling on the surface of the marble, as well as touch the surface for changes. Students will record their observations on Activity Sheet 3 from Delta Science Module, including hypothesizing what caused the reactions and how the simulation demonstrates chemical weathering.  

      To simulate chemical weathering, teams of students will fill a plastic cylinder tube with 8 cm. of gravel and fill it almost completely with water, capping it.  Each team will shake the tube for different, set amounts of time (5 minutes, 10 minutes, 15 minutes and 20 minutes). After shaking, each team will drain the sediment and water into another tube, sketch it, and let it settle overnight.  On Activity Sheet 3, students will predict what the tube will look like the following day.

    On day 2, students will re-sketch their tubes and compare results with other groups at our Scientists Meeting.  Student journal entries and discussions will focus on discussing how weathering over time affects rocks and how the different tubes demonstrate mechanical weathering.  This will lead students toward developing the idea of sediments becoming part of the Earth’s crust, and the formation of sedimentary rocks.

B. Students will be shown two different soil samples (sandy soil and clay soil), and respond to the question “How are these samples the same? Different?” In their teams, they will work with samples of each type of soil and separate it into its component parts and discuss how each sample is different.  Students will put a few tablespoons of each soil sample in plastic tubes, add water and shake each tube.  Again, students will leave the tubes overnight and observe and draw their observations of the tubes the next day. Student observations should note the soils were made of particles of different sizes and colors – different earth materials. Students should conclude that Earth’s crust is made of rocks that are weathered.  Weathered particles mix with other components and organic matter to form soil.  I think they will need help to make this connection-see qs, below.
Formative Assessment: Student notes, drawings, responses to Activity Sheet 3 and contributions to Scientist’s Meeting.what will you pose at this meeting?
I think you need some questions that help tie this activity to the big idea that you are going for here or they may get lost in the activity.  E.g.  What did you notice?  How and where does this happen on earth?  Where have you seen evidence of this in Vermont?  
· Lesson 4: Sediments Become Rocks – Students explore how sedimentary rocks form – making model sedimentary rocks to compare with real sedimentary rocks.  Students will also simulate the deposition of sediments in water, making inferences about how sedimentary rock is formed. 
 The essential question “How are sedimentary, igneous and metamorphic rocks similar and different?” will begin to addressed in this lesson.  Focus Question:  How are sedimentary rocks formed?
A. Students work in small groups using hand magnifiers and five samples of different sedimentary rocks to answer the questions “What is similar about these rocks?” “What is different about various rocks?”  As a class, we will record a list of student observations, which should note that all of the rocks contain smaller particles, and the particle sizes and colors vary from rock to rock.  Good engage
B. Teacher will write the terms sedimentary rocks and sediments on the board for students to record in their journals, explaining that sedimentary rocks are formed when layers of sediment are deposited on top of one another and become cemented and pressed together.  

C. Teacher will continue the class discussion and note-taking with students, defining, explaining and discussing the processes of erosion and deposition, connecting back to weathering and sediment being the material that is carried by erosion and deposited elsewhere. Teacher will pose questions for students to answer orally and/or in their science notebooks, including “What do you think forms when this happens?” and “Do you think there is a difference in the way in which different types of sediment are deposited?”
D. Students work in teams to explore how different earth materials settle and are deposited.  Students will place 2 tsp. each of soil, clay and gravel in a plastic tube, covering in with several cm. of water and shake the tube to thoroughly mix the contents. They will leave the tube to settle for two nights, making a written and drawn prediction on Activity Sheet 4, Part A about what they think will happen. At the beginning of Lesson 6, students will draw and record their observations, noticing that there is separation and layering of different soil components, concluding that they different earth materials are deposited differently.
E. Continuing to work in teams, students will follow directions on Activity Sheet 4, Part B to create a model sedimentary rock.  Students combine 2 parts glue, 1 part water in a paper cup.  In the second paper cup, they make several holes in the bottom and fill a the cup with 3 cm. of sand.  Students slowly pour the glue/water mixture over the sand, keeping a third cup underneath to catch drops until the second cup cannot hold any more of the liquid.  Students let the cups sit overnight until the mixture is hardened, then peel off the cup and use Activity Sheet 4, Part C to describe what they have made and what happens when their “sedimentary rock” is rubbed.  Students also compare their homemade rock to samples of sedimentary rocks used at the beginning of the lesson, noting similarities and differences.

F. Scientists Meeting – group discussion of results.  How do our models simulate the particles of actual sedimentary rocks?  What does the process of making the rock tell us about how sedimentary rocks are formed? What components and processes are necessary?  Yes!  These are great thought questions that get them processing for meaning.  Maybe respond on exit card or other means along the way (e.g.  end of class, next morning, for homework, etc) as well.  
Formative Assessment: Student notes, drawings, model rocks and Activity Sheet 4, Parts A, B and C.

· Lesson 5: Volcanoes Make Rocks – Focus Q¨ How are Igneus Rocks Formed?looking at igneous rocks and discussing how this rock forms; simulation of a volcanic eruption. Students will discover that igneous rocks are formed as liquid rock from Earth’s mantle rises into the crust and cools. They will also simulate a volcanic eruption to model the process of magma forming volcanic rocks and mountains, and will compare and contrast the formation of igneous and sedimentary rocks.
A. Begin class with a discussion of Earth’s mantle and its characteristics (review from lesson 2).

B. Distribute sample igneous rocks and magnifiers to students, allowing time for exploration and observations.  Students should record their observations with notes and labels in their Science notebooks.  If using basalt and granite, use a digital microscope and projector if available to look at each igneous rock, discussing how these two rocks make up a large part of the Earth’s crust.

C. Class note taking – gather, share and record notes about igneous rocks, explaining how they are formed.  Key information for students should include magma rising to Earth’s surface and cooling forming igneous rocks such as basalt, and some magma not making it to the surface but slowly cooling under the surface forming igneous rocks such as granite.  Students should understand that the rate of cooling and types of minerals present in the magma determine what type of igneous rock it will form (include terms intrusive and extrusive, with definitions and examples added to Science notebooks.

D. How does the magma rise? Pose this question to students.  Many students may know and be able to explain how a volcanic eruption happens, if not, explain and demonstrate in drawing on the board or chart paper. Discuss what happens to magma, lava and ash during an eruption.

E. Students will work in teams to construct a model volcano (letting it harden overnight) and making it erupt, following directions on Activity Sheet 5, Part A – using plaster of paris, melted crayons, water and a hot plate.  Students record observations on Activity Sheet, Part B, describing what they observed as the volcano was placed in the heated water, and hypothesizing why the melted wax breaks through the plaster.  Students connect each “part” of their volcano to an actual volcano.  How will you get them to connect to big ideas and not get lost in volcano making?
F. Scientists Meeting will focus on the accuracy and function of the model, along with its explanation of how this models the formation of igneous rocks.  On chart paper, use a Venn Diagram to compare and contrast the formation of igneous and sedimentary rocks.  Maybe use the compare contrast model from the Fulwiler book that Jean shared with your district?
Formative Assessment: Observational during team activities, student notes, drawings, responses to Activity Sheet 5 and contributions to Scientist’s Meeting.

· ***Break from Module – trip to Harvard Museum of Natural History in Boston.  Students participate in a two-hour middle-school science lab, New England’s Prehistoric Past.  Students will use fossils and rock samples to discuss how geologic and fossil evidence describes Ancient New England Environments from the Precambrian Period through current times.

· Lesson 6: The Rock Cycle - modeling the formation of metamorphic rock and understanding the relationships among igneous, sedimentary and metamorphic rocks in The Rock Cycle. In this lesson, the third and last type of rock (metamorphic) is introduced and its formation is modeled.  Students will also explore and learn about the different ways the three types of rocks interact.
A. Focus Question:  How are Metamorphic rocks formed?  How do rocks change?  Divide the students into teams of 4 and distribute magnifying lenses, and samples of gneiss, marble, slate and quartzite to each team, giving students ample time to look at the rocks and record (written and drawn) their observations.  Ask students how these rocks are different from the sedimentary and igneous rocks they have worked with so far. Students should note that the rocks are harder, more dense, have visible crystals.  If the crystals can’t be observed, look at them under microscopes.

B. Class discussion and note taking of definitions of metamorphic rocks and metamorphism. It is important for students to understand that these rocks form deep within the Earth, and are exposed to extremely high temperatures and intense pressure.  During this process it may change in color and become much harder (more dense).  

C. To make this more student centered, after you give them the background on metamorphic, could you give them the materials and ask them to come up with a way to show a metamorphic rock forming?  In teams, have students make model metamorphic rocks, following the directions on Activity Sheet 6.  Students use clay to represent igneous or metamorphic rocks, and pennies to represent the minerals present in metamorphic rocks.  The pressing of the clay and breaking models the pressure aspect of metamorphism.

D. Now give each team a set of 5 sedimentary rocks, telling them that some of them become one of the metamorphic rocks when it is exposed to heat and pressure.  Have them work in teams to match the sedimentary rocks with their metamorphic mates. Give them time to observe, feel and match based on rock characteristics.

E. Scientists Meeting – have teams bring their pairings to the meeting and be prepared to explain their reasoning.  After all teams have presented, if there are discrepancies, show them the connections for each pair that has a match (sandstone and quartzite, limestone and marble, shale and slate). Note the texture similarities.
Need to pose some sort of question about what needs to be in place for rocks to change?  
Day 2:

F. Write “Rock Cycle” on the board, explaining that it refers to the many ways rocks can be changed from one form to another.  Ask students to list in their Science notebooks the ways in which rocks can be changed, then share as a group.  Key ideas should include heat, pressure, weathering, compaction, and cementation.

G. Using several examples from the rock collection, hold up various rocks and ask students what would happen if the rock was exposed to certain conditions.  Questions can include:

a. (Igneous): What will happen if this is broken down during weathering, carried away and deposited elsewhere? (Sedimentary)

b. What happens if this rock (Sedimentary) is pushed down into the mantle and carried up as magma several years later? (Igneous)

c. Give students a copy of the Rock Cycle transparency and discuss the ways this is a typical and an atypical cycle.  It represents ongoing change, but does not go in a circle or direct, set path at all times.

 Formative Assessment: Observations during team activities, student notes, drawings, responses to Activity Sheet 6 and contributions to Scientist’s Meeting.  Perhaps have them write a paragraph telling the story of a rock to practice?
· ***Break from Delta Science Module for a game-based lesson.

· Game: The Rock Cycle – see Attachment II – students simulate a rock’s “life cycle” as they travel through the rock cycle.
· Performance Task Assessment – Creating a Rock Storyboard (see Stage II)

· Lesson 7: Mountain Building – students use clay to represent layers of Earth’s crust and to model the different ways in which mountains are formed.
· Lesson 8: Earthquake! – students model energy waves (like those produced by earthquakes); learn to distinguish between compressional and shear waves (2 types of seismic waves).
· Lesson 9: Building a Seismograph – continued investigation of earthquakes through introduction to a seismograph and the Richter scale.  Students will build model seismographs and measure simulated earthquakes.
· Lesson 10: Ring of Fire – map skills, longitude and latitude, plotting locations of earthquakes and volcanoes to identify resulting pattern (Ring of Fire).
· Lesson 11: A Balancing Act – learning about the balance between downward force of Earth’s crust and upward force of the mantle (isostasy).
· Lesson 12: Convection Currents – creating convection currents in water and compare with those in Earth’s mantle, discussing potential effects of these currents on the crust.
· Lesson 13: The Ocean Floor – modeling sea-floor spreading, subduction.
· Lesson 14: Plate Tectonics – theory of plate tectonics, determining locations of crustal plates of Earth models, creating models to demonstrate the connection between crust movement and continental drift.  Final relation of what they know about earth processes to plate tectonics.

See Attachment 3 for all copies of Activity Sheets.

	Appendix III:  Resources (teacher resources, related student literature, field trips, websites, etc.):

Teacher:

· Vermont State Geologist Laurence Becker – guest speaker – Geology & Geological History of Vermont

· Prentice Hall Science Explorer: Inside Earth (2007) Boston, MA; Pearson Education, Inc.

· Delta Science Modules Third Edition: Earth Processes (2006) Nashua, NH; Delta Education, www.deltaeducation.com
· “Plate Tectonics” http://encarta.msn.com/encyclopedia_761554623/Plate_Tectonics.html
Student:

· Vermont State Geologist Laurence Becker – guest speaker – Geology & Geological History of Vermont

· Delta Science Readers: Earth’s Processes (2003) Nashua, NH; Delta Education, www.deltaeducation.com
· Delta Science Readers: Rocks and Minerals (2003) Nashua, NH; Delta Education, www.deltaeducation.com

· Rock Stars: Rocks (2009) Pleasantville, NY; Weekly Reader Company.

· Rock Stars: Fossils (2009) Pleasantville, NY; Weekly Reader Company.

· Rock Stars: Crystals and Gemstones (2009) Pleasantville, NY; Weekly Reader Company.

· Rock Stars: Minerals (2009) Pleasantville, NY; Weekly Reader Company.

· http://www.kidsgeo.com/geology-for-kids/0043-plate-tectonics.php
· http://earthquake.usgs.gov/learning/kids/
· www.rocksforkids.com



Understanding by Design:  Science Unit Planning Template                      

(based on the work of:  Wiggins and McTighe)

