Earth Science Assessment Probe

Correlated to Kansas Indicators 4.4.3.1., 7.4.1.2
Elementary & Middle Level
      
Correlated to NGSS 4-ESS2-1

Hillside
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Three friends were walking by a hillside in the park.  They looked closely at the hillside and noticed ruts coming down the hill between trees and bushes.  The friends thought the ruts detracted from the beauty of the hillside. They observed that trees and plants were not growing in the ruts.  At the base of each rut was a mound of dirt and small rocks.  The friends had different ideas about how the ruts were formed.

Molly:  “I think the ruts were made by bikes and motorcycles.”
Jason:  “I think the rain water washed away the soil on the surface so we can see the rocks.”
Lynn:  “I think the trees and plants can’t grow in the poor soil on the ruts.”
Which friend do you agree with and why?  Explain your thinking about how the ruts formed.

Hillside

Teacher Notes

Purpose

The purpose of this assessment probe is to elicit students’ ideas about weathering, erosion, deposition, and landforms.  It is designed to determine if students recognize the results of water erosion and deposition of materials.

Related Concepts

weathering, erosion, deposition, rock cycle, landforms

Explanation

Jason’s answer is the best but Lynn’s answer does fit if it is combined with Jason’s answer.  The poor soil conditions which inhibit plant growth were brought on by the erosion of the soil on the surface.  Molly’s answer could contribute to soil erosion but we need to help students understand that human actions create conditions that lead to erosion but it is the natural process that moves the soil and small rocks down the hill and create the ruts and mounds of materials.  In this example the ruts are formed from water moving down the hill and displacing soil and rock and also exposing rocks that were once under the surface of the soil.  The sediment (soil and rocks) are deposited at the base of the path creating a mound of earth material.  A large amount of rain water causes erosion and deposition of earth materials.  Erosion due to water causes changes in landforms such as the creation of valleys/ canyons and deltas.

Curricular and Instructional Considerations
Elementary Students
Students come to school aware that the Earth is made up of a variety of materials and landforms.  Children are encouraged to observe landforms in their environment such as a river valley, and develop their own explanation of how they came to be.   They observe elementary processes of the rock cycle and begin to construct an understanding that rocks, as well as landforms, undergo change.  The ideas that rock, is eroded by waves, wind, and water; that sand is a small particle of rock; and that rock and soil particles can be carried away and deposited in other areas is a grade-level expectation in the national standards.  This probe can be used to find out students’ early ideas about weathering and erosion before they put the more complex pieces together in middle school Earth science.

Middle School Students
Students develop more complex understandings about weathering, erosion, and sedimentation, including the long periods of time it takes for these processes to occur.  They use the idea of a rock cycle to explain the continuous process of wearing down and building up.  They begin to use ideas about geologic processes to explain formation of a variety of landforms, including beaches.  The idea that the Earth’s surface is shaped by the actions of water and wind over long periods of time is a grade-level expectation in the national standards.  This probe can be used to assess how students use their ideas about weathering, erosion, and sedimentation to explain processes that results in weathering of mountains and formation of landforms.  
National Science Education Standards: 

K-4 Changes in the Earth and Sky

· The surface of the Earth Changes.  Some changes are due to slow processes, such as weathering and erosion.

5-8 Structure of the Earth System

· Landforms are the result of a combination of destructive forces.  Constructive forces include crustal deformation, volcanic eruption, and deposition of sediment, while destructive forces in clued weathering and erosion.
· Some changes in the solid Earth can be described as the “rock cycle.”  Old rocks at the Earth surface weather, forming sediments that are buried, then compacted, heated, and often re-crystallized into new rock.
Kansas Science Standards:
4.4.3.1. The student describes changes in the surface of the earth as a result of erosion.  
7.4.1.2. The student models earth’s cycles, constructive and destructive processes, and weather systems.

NGSS:  

	4-ESS2-1.
	Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation.[Clarification Statement: Examples of variables to test could include angle of slope in the downhill movement of water, amount of vegetation, speed of wind, relative rate of deposition, cycles of freezing and thawing of water, cycles of heating and cooling, and volume of water flow.] [Assessment Boundary: Assessment is limited to a single form of weathering or erosion.]


District Science Standards:
Related Research

· Earth (and space) sciences have a unique aspect of scale that may be problematic for students.  For example, comprehending the length of time it takes for mountains to erode is difficult for some students (Ault 1994).

· A study by Freyberg (1985) revealed that many students think the Earth today is the same as it has always been and that any changes to the Earth (such as formation of a beach) were sudden and comprehensive.  However, it is important to note that students in this study did not have formal instruction in the topics addressed (AAAS 1993).
· Happs (1982) found students tend to use different meaning for rock fragments than scientists who classify the fragments by average size.  For example, instead of using particle size to distinguish between boulders, gravel, sand, and clay, student associate the particles with their origin.  Sand id defined as coming from a beach or desert rather than being a particle of a certain average size (Driver et al. 1994).
Suggestions for Instruction and Assessment

· Elementary processes of the rock cycle, such as erosion, transport, and deposition, which lead to later understanding of the processes that cause landforms, can be observed by elementary students using simple materials they can manipulate.  Start with observation before explanation.

· Elementary students can examine soil and sand with magnifiers to observe and compare the particles to actual rock samples, particularly ones that contain minerals that are recognizable such as quartz or mica.  This helps them understand the origin of sand from rock, and the rock can be later traced back to landforms such as mountains and exposed bedrock.
· Combine students’ observations with certain phenomena, such as tumbling solid rock, or eroding sand in a stream table, with the role the phenomena play in shaping the surface of the Earth (e.g., beaches, wearing down of hillsides, widening of streams and rivers).

· When using stream tables to investigate erosion and deposition phenomena, be sure to trace back the origin of the sand.  It is also important to explicitly address the fact that the processes the stream tables are modeling in a very short time actually occur over long periods of time.  The sedimentation process is understandable and observable but the span of time involved is difficult for students to grasp, particularly up through middle school.

· Combine an understanding of the use of models with understanding the process of erosion.  This is a good time for students to understand how models are used and the benefits as well as the limitations of models in illustration phenomena.  

· Help students distinguish between weathering and erosion.  Some students use these terms interchangeably.  Weathering is the wearing away whereas erosion is the carrying away.  

References
American Association for Advancement of Science (AAAS). 1993.  Benchmarks for science Literacy. New York:  Oxford University Press.

Ault, C.R. 1994. Research in problem solving in earth science.  In Handbook of research on science teaching and learning, ed. D. Gabel. New York: Simon and Schuster.

Driver, R., A. Squires, R. Rushworth, and V. Wood-Robinson. 1994.  Making sense of secondary science:  Research into children’s ideas.  London and New York:  RoutledgeFalmer.

Next Generation Science Standards, developed by 26 states in collaboration with Partners (NRC, NSTA, AAAS, Achieve)    www.nextgenscience.org  2014
Recommended References
Ansberry, Karen Rohrich and Morgan, Emily. 2005. Picture-Perfect Science Lessons Using Children’s Books to guide Inquiry.  National Science Teachers Association, pages 265-277 lesson series entitled:  “Grand Canyon.”
Attribution:  This probe was adapted from “Beach Sand” pg. 163, Uncovering Student Ideas in Science: 24 Formative Assessment Probes Volume 1. NSTA 2005, by Charlotte McDonald to illustrate how local teachers can modify probes to address local curriculum.
PAGE  
5

