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[bookmark: _lqqc9n59gdm3]Landscapes Changed by Wind: Interactions of the geosphere, atmosphere, and biosphere
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[bookmark: _a7o5g8egpivf]Course Name(s): Regents Earth Science
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BIG IDEAS
In this 5E lesson sequence, students will explore how wind changes landscapes over time and around the world to understand interactions between the geosphere, atmosphere, and biosphere. Students will begin by examining NASA video of a sand storm traveling across the Atlantic Ocean from Western Africa to South America. Students will connect their prior experience with these dust storms to share with the class their initial ideas about these types of storms. Then students will engage in an activity where they model how sand and other sediments move using the wind (atmosphere) and how rocks (geosphere) are altered and the depositional patterns of the sand. Additionally, students will graph the relationship between wind velocity and particle size. Once they have completed this investigation, they will set up another model to investigate how barriers impact sand and sediment deposition (geosphere) due to wind (atmosphere). During the explain phase, students will read a grade-level text about wind erosion and deposition identifying the relationship between the atmosphere and the geosphere. Students will then watch a video about sand movement via wind and complete independent research exploring areas impacted by wind movement, notably areas with sand dunes or other wind structures in order to construct a two-paragraph scientific explanation of the evidence that suggests wind erosion and deposition has shaped the landscape. Students will also identify how that wind erosion and deposition is impacting the humans (and other life, biosphere) living in the area. Finally, the students will peer review another classmate’s scientific explanation and give feedback on what they could improve; they will receive feedback from their partner and implement the feedback when constructing a revised final draft of their scientific explanation.  
[bookmark: _2mcvygr6kyjq]
EDUCATION STANDARDS
NGSS Performance Expectation(s):
· HS. ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to Earth’s systems.
· HS. ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.
	Science and Engineering Practices: 
	Disciplinary Core Ideas:
	Crosscutting Concepts:

	Analyzing and Interpreting Data
Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order to make valid and reliable scientific claims or determine an optimal design solution.

Developing and Using Models
Use a model to provide mechanistic accounts of phenomena.

Constructing Explanations and Designing Solutions
Construct an explanation based on valid and reliable evidence obtained from a variety of sources (including student’s own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
	ESS2.A: Earth Materials and Systems
▪ Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes
▪ The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles.
	Stability and Change 
Feedback (negative or positive) can stabilize or destabilize a system.

Cause and Effect
▪ Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.

	Common Core State Standards:

Math: MP.2 Reason abstractly and quantitatively.
AI-N.Q.1 Select quantities and use units as a way to: i) interpret and guide the solution of multi-step problems; ii) choose and interpret units consistently in formulas; and iii) choose and interpret the scale and the origin in graphs and data displays.
AI-N.Q.3 Choose a level of accuracy appropriate to limitations on measurement and context when reporting quantities.

and

ELA: 11-12.RST.2 Determine the key ideas or conclusions of a source; summarize complex concepts, processes, or information presented in a source by paraphrasing in precise and accurate terms.
9-12.WHST.1 Write arguments focused on discipline-specific content.

State Standards:
New York State Next Generation Learning Standard
ELA: 
RST.9-10.2 Determine the key ideas or conclusions of a source; trace the source's explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the source.
WHST.9-10.1 Write arguments focused on discipline-specific content.
RST.9-10.9 Compare and contrast findings presented in a source to those from other sources (including their own experiments), noting when the findings support or contradict previous explanations or accounts.


New York State Physical Setting/Earth Science Core Curriculum
4.2.1t Natural agents of erosion, generally driven by gravity, remove, transport, and deposit weathered rock particles. Each agent of erosion produces distinctive changes in the material that it transports and creates characteristic surface features and landscapes. In certain erosional situations, loss of property, personal injury, and loss of life can be reduced by effective emergency preparedness.

4.2.1u The natural agents of erosion include:
· Streams (running water): Gradient, discharge, and channel shape influence a stream’s velocity and the erosion and deposition of sediments. Sediments transported by streams tend to become rounded as a result of abrasion. Stream features include V-shaped valleys, deltas, flood plains, and meanders. A watershed is the area drained by a stream and its tributaries.
· Glaciers (moving ice): Glacial erosional processes include the formation of U-shaped valleys, parallel scratches, and grooves in bedrock. Glacial features include moraines, drumlins, kettle lakes, finger lakes, and outwash plains.
· Wave Action: Erosion and deposition cause changes in shoreline features, including beaches, sandbars, and barrier islands. Wave action rounds sediments as a result of abrasion. Waves approaching a shoreline move sand parallel to the shore within the zone of breaking waves. 
· Wind: Erosion of sediments by wind is most common in arid climates and along shorelines. Wind-generated features include dunes and sand-blasted bedrock.
· Mass Movement: Earth materials move downslope under the influence of gravity. (Crossed off bullets are NOT addressed in this 5E lesson sequence).

6.M.2 Models are simplified representations of objects, structures, or systems used in analysis, explanation, interpretation, or design. For example:
· draw a simple contour map of a model landform
· design a 3-D landscape model from a contour map
· construct and interpret a profile based on an isoline map

	ITEEA Standards: None

	Other Standards: None
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MEASURABLE STUDENT LEARNING OBJECTIVES
[bookmark: _kpsgsnhcj8ts][bookmark: _3e9mul346gns][bookmark: _2vb7ejamfavz]Students will be able to:
· Examine NASA video of dust from the Sahara desert traveling via wind movement to the Amazon Rainforest
· Recall key information from video 
· Share out their ideas verbally with their class partner and in a whole class setting
· Create a model of rock abrasion by windblown sand
· Observe the changes made by windblown sand using model
· Graph and analyze wind velocity and moving sediment size
· Model the deposition of sand by wind
· Observe a video and identify key information about sand movement
· Read and annotate a grade-level text
· Identify important and relevant ideas from a text to answer analysis questions
· Use NASA Earth Observatory and/or Google Earth to Identify areas around the world where active sand dunes and wind-blown sediment deposits are found
· Research an area of interest to determine why the area contains large scale wind-blown sediment deposits, how the wind is blown in that area, how sand is deposited in an area and potential impacts to humans
· Construct a written scientific explanation using the CER framework explaining why a researched area of interest contains wind-blown sediment deposits, how the wind is blown in the area, how sand is deposited in the area, and potential impacts to humans
· Peer review written explanations
· Apply peer feedback to edit and revise their written explanation

MATERIALS NEEDED
· [bookmark: _z8a0w8kow2dg]Engage: NASA video: Satellite Tracks Saharan Dust to Amazon in 3-D 
· Explore: group materials (one set per group) 100 g sand, 1 small pebble of limestone or sandstone, 1 small container with lid, 1 fan, 5 plastic cups, 10 pieces of yarn cut to 3 cm each, 10 tooth picks, modeling clay, one long pieces of paper 
· Explore: worksheets one per student
· Explain: readings on worksheets modified from American Geosciences Institute [AGI]. (2018). EarthComm (3rd Edition). It’s About Time Publishing.
· Elaborate Day 1:
· Computers
· Video – Sand Dunes Shouldn’t Exist
·  NASA Earth Observatory Website - Students will independently research sand dunes or wind features of interest to them. Some articles they may investigate include:
· Racing Dunes in Namibia
· Linear and Star Dunes
· An Unexpected Expanse of Sand in Alaska
· Oyyl Dune Field, Kazakhstan
· “The Optimist,” Kalahari Desert, Namibia
· Sandy Cape, Fraser Island, Australia
· Sand Dunes in the Tenere Desert, Niger
· St. Anthony Sand Dunes, Idaho
· Western Sahara Desert, Mauritania
· NASA Earth Observatory Resource: EO Kids Earth Observatory for Kids Shifting Shapes of Sandy Scapes 
· Google Earth
· Elaborate day 2: worksheets one per student
· Evaluate: worksheets one per student

ENGAGING CONTEXT/PHENOMENON
This lesson will begin with a video of sand suspended in the atmosphere traveling across the globe from West Africa to South America from NASA’s Earth Observatory Website. The video shows the dust storm traveling in three-dimensions across the ocean. During the video students will take notes and answer some questions about the content of the video. Students will be asked to share their ideas with a partner and the whole class. This phenomenon is linked to the 5E sequence because wind shapes the earth we see around it; while most people don’t think about it, the wind is a strong force that impacts landscapes around the world. The 5E sequence is guided by investigating and exploring how wind shapes surfaces and creates some landscapes we can see.

DATA INTEGRATION 
Students will be collecting some of their own data by creating a model of wind erosion on rocks. Once they have used their model, they will observe qualitative and quantitative changes and record their observations. Additionally, they will be using already collected data to make graphs of the relationship of wind velocity and particle size to analyze and interpret how wind impacts movement of sediments. Students will also make a second model to analyze and interpret how barriers impact sediment deposition in windy environments. Students will later elaborate on their data by investigating areas around the world that have been impacted by wind erosion and deposition. They will collect data on the area of a deposit, examine images, collect information about why the area has wind-blown sediment deposits, identify how the wind blows in the area (average wind speed and direction), and explain how the wind potentially impacts the biosphere of the area.

TEACHER BACKGROUND KNOWLEDGE
The teacher should be familiar with how wind moves sediments and how those sediments cause erosion and deposition in other areas. Additionally, teachers should be able to describe how sand moves along the surface of the earth. Teachers should be able to identify and explain that wind-blown sand travels differently from how sand moves in high-velocity water, but also note that some similarities are present between the two transport modes. The teacher should be familiar with the different structures created in wind impacted areas. This pdf from NASA is helpful in learning about types of surface features created in wind-blown landscapes. Finally the teacher should know that landscapes are continually impacting the biosphere around them, and are also changed by the biosphere. The connections between the geosphere, biosphere, and atmosphere are all intertwined and a change in one sphere can drastically change the other spheres.

DIFFERENTIATION OF INSTRUCTION
Accommodations:
1. Vocabulary comprehension (for ELLs and struggling readers/writers): New vocabulary will be added to the word wall and sentence starters on worksheet.
2. Graphing (for students who struggle with math): Give students a modified worksheet with x-axis scale completed on the worksheet as an example.
3. Struggling readers will be put into small group to work with the teacher and read longer texts out loud. Teacher will model annotation skills necessary for answering analysis questions.
4. For students who struggle writing sentences or putting their thoughts into written word: sentence stems will be provided on their worksheets
5. For students who struggle with research: a list of articles and videos will be provided to students upon request or as determined by the teacher
6. Constructing explanations (for ELLs and struggling writers): sentence stems will be provided in their graphic organizer
7. For students who struggle with editing their work a checklist will be provided to help them stay on track and make the appropriate changes to their writing.

Groups:
Students work in pairs to complete the Evaluate section. These heterogenous pairs will be based on prior assessments. Some students may be grouped homogeneously so the teacher can better support their group. Students with extensive social-emotional needs may also be placed with particular classmates to provide additional support.

REAL-WORLD CONNECTIONS FOR STUDENTS
One connection made during the engage activity of the 5E sequence is the smoke that occurred in New York City during June 2023. The smoke is something all students will be able to relate to experiencing and will be a entry point to discussing how wind can move material and change landscapes as a result. Additionally, while sandstorms and wind-blown sand deposits are not common in New York City, many students have experienced sand being blown by the wind at the beach. The movement of sand particles creates some of the landscapes we can see including sand dunes and eroded surfaces.

POSSIBLE PRIOR or MISCONCEPTIONS 
Potential misconceptions include: 
· Wind and water cannot wear away solid rock to change the path of a river
· Wind and rain are weathering processes because weather is involved
· Wind and water only change the surface of the earth during rare events, such as huge storms
· Wind and water cannot wear away solid rock to make a valley deeper or wider
· Wind and water cannot wear away the solid rock of a mountain
· Landforms can change in size, but not by the motion of wind and water
· Wind and water are changing the surface of the earth today but did not change the surface of the earth in the past
· Wind and water changed the surface of the earth in the past but are no longer changing the surface of the earth
· It takes only a short time (tens of years) for wind and water to wear down the solid rock of a mountain so that the mountain is almost flat
· Wind can wear away the solid rock of mountains only a small amount (feet or inches) over millions of years, not thousands of feet
· Wind can make a valley deeper by only a small amount (feet or inches) over millions of years
· Wind can only wear down solid rock over long time periods. Changes are not happening over
· short time periods (i.e. a day or a year)
· Wind cannot break grains of sand 
· Wind cannot break solid rock 
· Wind can carry small rocks (e.g. sand) but never carries large rocks (e.g. fist-sized)
· Wind cannot carry rock and deposit it in a new 
· Wind is wearing away the solid rock of valleys today but did not wear away the solid rock of valleys in the past 
· Wind and water cannot wear away solid rock to change the shape of a coastline 
· Wind wore away the solid rock of valleys in the past but is not wearing away the solid rock of valleys today
· Wind cannot move grains of sand 
· Solid rock was being worn away by wind many years ago, but it is no longer being worn away by wind today
· Solid rock is currently being worn away by wind, but it was not being worn away by wind many years ago
· Wind cannot wear away solid rock
· Sandblasting is weathering
Preconceptions were taken from: Francek, M. (2013). A compilation and review of over 500 geoscience misconceptions. International Journal of Science Education, 35(1), 31-64.

LESSON PROCEDURE

	5E
	Details of 5E Lesson Implementation
(Visit BSCS to learn more about the 5E instructional model)

	Engage (one 55-minute lesson)

	Lesson Objective: 
· Examine NASA video of dust from the Sahara desert traveling via wind movement to the Amazon Rainforest
· Recall key information from video 
· Share out their ideas verbally with their class partner and in a whole class setting

Procedure: Students watch the NASA video: Satellite Tracks Saharan Dust to Amazon in 3-D and answers the following questions on their worksheet:
1. Where does the dust come from? Explain what is important about the location of where the dust originates.
2. What location does the dust travel to? Explain what is important about this location.
3. How does the dust travel from one place to the other?
4. What NASA satellite collected the data used in this video?
5. Explain how the geosphere and biosphere are connected in this example.
6. Connect this to your own life: when have you experienced a smoke storm in New York City (hint: think about a time when all of the air in NYC was orange colored!)? Where did that smoke originate from? What was it like to breathe that air? 
7. How is smoke similar to sand? How is smoke different from sand?
8. originate 
The teacher monitors student progress on answering the video questions. Once students have written their answers to the questions then they will share out their ideas with their partners. Teacher monitors student discussions and verifies students are staying on task. Once partner sharing is complete teacher facilitates a whole class share-out of the answers to questions 1 – 7. 

Modifications: Students who struggle with writing or putting their thoughts into words will be given sentence starters 

Standards Addressed: See standards listed above on page 1, 2, and 3

Formative/Summative Assessments: Student’s worksheets will be collected and feedback will be provided. Informal assessment will occur as teacher checks in with students during the lesson.

Resources: Students will need their worksheet 
· NASA video: Satellite Tracks Saharan Dust to Amazon in 3-D questions 1-5 come directly from the resource. Questions 6 and 7 have been added to make the lesson more relevant to students in NYC.

	Explore (two 55-minute consecutive lessons)
	Lesson Objective:
· Create a model of rock abrasion by windblown sand
· Observe the changes made by windblown sand using model
· Graph and analyze wind velocity and moving sediment size
· Model the deposition of sand by wind

Procedure: Students will create and observe a model of abrasion by windblown sand, graph and analyze wind velocity and moving sediment size, and model the deposition of sand by wind. The teacher will be demonstrating best scientific modeling practices and monitoring students as they create and observe their model. Additionally, teacher will be assisting students as they graph wind velocity and moving sediment size. Students struggling to graph will be given assistance by teacher to ensure their data is plotted correctly for their analysis. Teacher will also monitor classroom as students model the deposition of the sand by the wind.

Modifications Students who struggle with graphing or math will be given a modified worksheet with x-axis scale completed on the worksheet as an example.


Standards Addressed: See standards listed above on page 1, 2, and 3

Formative/Summative Assessments: Student’s worksheets will be collected and feedback will be provided. Informal assessment will occur as teacher checks in with students during the lesson.

Resources: Activities modified from American Geosciences Institute [AGI]. (2018). EarthComm (3rd Edition). It’s About Time Publishing. This lesson has been modified to shorten the duration of the investigation and to make the investigation more relevant to student’s exploration of surface processes involving wind. Each group of students will need the following materials: 100 g sand, 1 small pebble of limestone or sandstone, 1 small container with lid, 1 fan, 5 plastic cups, 10 pieces of yarn cut to 3 cm each, 10 tooth picks, modeling clay, long pieces of paper, worksheets

	Explain (one 55-minute lesson)
	Lesson Objective
· Observe a video and identify key information about sand movement
· Read and annotate a grade-level text
· Identify important and relevant ideas from a text to answer analysis questions

Procedure: Students watch a video on sand movement across the Earth. They will also read a grade-level text about wind erosion, the movement of sediment by wind, factors that affect wind erosion, and positive- and negative-feedback loops related to wind erosion and deposition. After the reading the students will answer questions based on the text. Teacher monitors students as they watch the video and ensures all students are observing. Then teacher will work with a small group of struggling readers to read the text aloud; teacher models how to annotate the text with these students. Then students work to answer the analysis questions.

Modifications Struggling readers will be put into small group to work with the teacher and read longer texts out loud. Teacher will model annotation skills necessary for answering analysis questions. For students who struggle writing sentences or putting their thoughts into written word: sentence stems will be provided on their worksheets.

Standards Addressed: See standards listed above on page 1, 2, and 3

Formative/Summative Assessments: Student’s worksheets will be collected and feedback will be provided. Informal assessment will occur as teacher checks in with students during the lesson.

Resources: Activities modified from American Geosciences Institute [AGI]. (2018). EarthComm (3rd Edition). It’s About Time Publishing. This lesson has been modified to shorten the duration of the investigation and to make the investigation more relevant to student’s exploration of surface processes involving wind. And Video – Sand Dunes Shouldn’t Exist


	Elaborate (two 55-minute consecutive lessons)
	Lesson Objective: 
· Use NASA Earth Observatory and/or Google Earth to Identify areas around the world where active sand dunes and wind-blown sediment deposits are found
· Research an area of interest to determine why the area contains large scale wind-blown sediment deposits, how the wind is blown in that area, how sand is deposited in an area and potential impacts to humans
· Construct a written scientific explanation using the CER framework explaining why a researched area of interest contains wind-blown sediment deposits, how the wind is blown in the area, how sand is deposited in the area, and potential impacts to humans

Procedure: 
Day 1: Students will use NASA’s Earth Observatory and Google Earth to identify areas around the world with active sand dunes and wind-blown sediment deposits. Students will identify what direction the windblown deposits are moving in (at the time of the image). Teacher will monitor student progress and help as they research an area and record their findings on their worksheet. Teacher will strategically check in with students who struggle with independent research and will provide them with optional resources to help them select an area to research.  

Day 2: Students will complete a CER (Claim, Evidence, and Reasoning)-protocol to write a two-paragraph essay explaining why the area they identified contains large scale wind-blown sediment deposits, how the wind-blown sand affects the area, what way the sand is deposited, and the potential impact to local humans. Teacher will monitor student progress and assist students with compiling their collected data into their Claim, Evidence, and Reasoning worksheet. Once students have compiled this work the teacher will assist struggling writers with creating cohesive scientific explanations.

Modifications: For students who struggle with research: a list of articles and videos will be provided to students upon request or as determined by the teacher. For students who struggle writing sentences or putting their thoughts into written words for their explanations; sentence stems will be provided on their graphic organizers. 

Standards Addressed: See standards listed above on page 1, 2, and 3

Formative/Summative Assessments: Student’s worksheets will be collected and feedback will be provided. Informal assessment will occur as teacher checks in with students during the lesson.

Resources:
NASA Earth Observatory Website - Students will independently research sand dunes or wind features of interest to them. Some articles they may investigate include:
· Racing Dunes in Namibia
· Linear and Star Dunes
· An Unexpected Expanse of Sand in Alaska
· Oyyl Dune Field, Kazakhstan
· “The Optimist,” Kalahari Desert, Namibia
· Sandy Cape, Fraser Island, Australia
· Sand Dunes in the Tenere Desert, Niger
· St. Anthony Sand Dunes, Idaho
· Western Sahara Desert, Mauritania
NASA Earth Observatory Resource: EO Kids Earth Observatory for Kids Shifting Shapes of Sandy Scapes 
Google Earth
Elaborate Day 2 Worksheet: Constructing a Scientific Explanation Tool (Modified from AMNH with guiding questions for the specific explanation question students are answering and re-formatted into easier to follow organization to place evidence, reasoning, and completed paragraph explanation)

	Evaluate (one 55-minute consecutive lessons)

	Lesson Objective:
· Peer review written explanations
· Apply peer feedback to edit and revise their written explanation

Procedure: Students will peer-review each other’s CER essays. Once finished examining each other’s work, each student will review the feedback from their partner. Then the student will apply the feedback to make edits and revise their final draft of their essay. During this time the teacher will monitor student progress, answer student’s questions and check in with students who are struggling to meet the deadlines given. Teacher will provide individual supports to student as necessary. 

Modifications: For students who struggle with editing their work a checklist will be provided to help them stay on track and make the appropriate changes to their writing.

Standards Addressed: See standards listed above on page 1, 2, and 3

Formative/Summative Assessments: Student’s worksheets will be collected and feedback will be provided. Informal assessment will occur as teacher checks in with students during the lesson.

Resources:
Rubric for each student to peer review constructed explanation and final explanation worksheet.
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