Teacher Guide for the Pathways Water Teaching Experiment
Full unit for middle and high school teachers
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Summary



The School Water Pathways project is a weeklong inquiry-based module organized using the 5E educational model.  We begin by engaging the students with the following research question: 
“How much water falls on our schoolyard during a year and where does it go?”
In order to answer this question, the students need to quantitatively evaluate the pathways water takes within the limited area of the school property.  Determining the inputs is relatively straightforward.  They simply use the annual precipitation for their town and the area of the school grounds to determine the volume of water input.  Assessing the pathways is much more complicated and is broken down into 4 separate explorations: 1.1) determining the proportions of different surface types, 1.2) mapping runoff potential, 2) measuring evaporation, 3) measuring transpiration, and 4) measuring infiltration.  Each exploration involves teams of students taking measurements in different locations of the schoolyard and comparing results.  The purpose of the hands-on explorations is to give students the opportunity to observe processes first hand in an outdoor setting and get a feel for the rates of water movement involved.  
Once students understand the individual water processes and pathways, they are well positioned to explain the relative proportions of water traveling through the different pathways.  This exercise is made easier by using a logic model that helps students calculate the relative amounts of water evaporating, infiltrating, transpiring, and running off given the proportions of different surface types present on their school grounds.  At this point, students begin to see the significance of runoff and we can elaborate by using their logic model to test scenarios such as evaluating the impact of replacing a lawn with a parking lot or identifying sources of pollution that could contaminate runoff.  The initial and final student tasks are to draw depictions of the water cycle that serve as an effective measure of gain.
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Learning Goals



1. Water that falls on the surface of the Earth is driven by gravity and may follow multiple pathways governed by multiple processes.  
2. The processes and pathways that water follows depend on many factors, including: 
surface material, topography, gravity, built environmental features (e.g. drains, pipes, flood control, etc.), temperature, relative humidity,  permeability, and vegetation.
3. The volume of water that follows all pathways is equal to the volume of water that falls on a set area.

4. The water cycle is taking place all around us and we are part of it.

In addition to numerous Science as Inquiry and Nature of Science standards, the project contributes to the following National Science Education Standards:
Earth and Space Science (Content Standard D)
· Grades 5-8: Structure of the Earth system

· Grades 9-12: Geochemical cycles

Science in Personal and Social Perspectives (Content Standard F)

· Grades 5-8: Populations, resources, and environments

· Grades 9-12: Natural resources & environmental quality

Background



This project is designed to promote scientific inquiry as we study the water cycle.  The water cycle is a complex system with many variables.  Learning about the water cycle is complicated by the fact that water is not always visible and that textbooks often portray the water cycle in diagrams such as this:

[image: image5.emf]


!










!


This textbook image of the water cycle can lead students to believe that the pathways in which water travels through the water cycle are simple and direct when in reality, such pathways are long, indirect and often complicated by human interferences as shown in the figure below. Many students do not have the ability to transfer the concepts portrayed in these diagrams to their own communities and lives.  This activity replaces the traditional way of teaching the water cycle by identifying how surfaces in the schoolyard influence the pathways water takes after a precipitation event.  By exploring the water cycle as it occurs at their school, the learning becomes place-based and relevant to the culture of the student.
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As a teacher, you do not have to be an expert on the water cycle to facilitate this project.  Your students will be performing simple experiments that will help answer some questions and also produce more questions.  If your students are asking questions that you are uncomfortable answering, then you are probably on the right track.  Work with your students to find answers together.

There is a great booklet called “Water and the Environment” that is free and available for download at: cns-eoc.colostate.edu/msp-nrel.html

Learning Progression Research​​​​​​​



This inquiry project is part of a national educational research initiative aimed at finding effective ways to increase the depth of student understanding of scientific principles.  The lessons have been designed to address issues gleaned from years of research in student conceptions of water.  We are now pilot testing the effectiveness of this activity in middle and high schools across the United States.  

One of the main goals of these lessons is to have students explore the relationship between different water processes and pathways.  We hope student responses to various assessment questions indicate that they understand that the water cycle is a complex system.  But how does this understanding manifest itself on a written exam?  The following table summarizes our research framework.

Summary of the Levels of Achievement for the Learning Progression for Moving Water in Socio-ecological Systems

	
	Progress Variables

	Levels of Achievement
	Connections across systems cluster
	Surface water cluster
	Soil/groundwater cluster

	Level 4

Qualitative model-based accounts
	Traces water through connected systems along multiple pathways at multiple scales

Identifies driving forces and constraining factors 

	Level 3

School science accounts
	Tells school science stories of water moving through multiple steps and along multiple pathways without accounting for driving forces and constraining factors.

Is aware of atomic-molecular and landscape scales, but provides accounts at macroscopic scale

	Level 2

Force-dynamic accounts with mechanisms
	Recognizes water can move or flow to connected places and identifies mechanisms for water movement

Uses force-dynamic language that invokes inanimate enablers, proximity, or special circumstances to move water

	Level 1

Force-dynamic accounts
	Focuses on human-centric actions and concerns

Focuses on immediate and visible world

Water can appear or disappear (e.g., evaporated means gone)

Does not connect water in different locations 


Throughout these lessons, you will see Targeted Understanding boxes that point to the big ideas we want students to have about water pathways and processes.  You can use the table above to assess your students’ levels of understanding of each big idea and then formulate the appropriate response to your students’ thinking.
Tools for Reasoning



There are two Tools for Reasoning: the pathways tool and the drivers and constraints tool, embedded in the curricula.

Pathways Tool 

The pathways tool is designed to support students in tracing water along multiple pathways. It is intended to make explicit the multiple and branching pathways along which water could flow. A specific location is identified and represented in the small center square. Using maps, cross-sections, text, or activity experiences, students trace the pathways along which water moves to arrive at the location represented in the center. Moving to the right of the center square, students similarly trace the water along the pathways that it could take away from that location. As students move more distally from the location of interest represented in the center square, the pathways become more branching and divergent. Use the pathways tool to engage students in conversations and scientific arguments about from where water on the school campus comes and to where it goes. 
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Suggestion for incorporating the Pathways Tool.

1. Prior to going outside to map the school grounds, have students work in groups to hypothesize potential pathways for water in specific locations on the campus, such as the water in a puddle in the parking lot or dripping off the trees during a rain storm. You may assign each group to start tracing the water from a different location (e.g., group 1 starts with water in the parking lot, group 2 starts with water on the soccer field, etc.). Have students use the pathways tool to trace water forward and backward from that location. You may find it beneficial to begin by modeling use of the pathways tool with a simple example in a whole class discussion.

2. Allow students to share their completed pathways tool with the class. If you have access to a document camera, groups can project their completed tools for the whole class to see. Prompt students to explain their reasoning for the pathways they describe. Ask the rest of the class if they agree with all of the pathways described by a group, or if they would make changes.
3. At the end of the unit, after students have completed the mapping, runoff, evaporation, transpiration, and infiltration explorations and are tracing the water through the schoolyard system, have groups revisit their pathways tool. Ask students if they would modify the pathways they described and have them justify modifications they make or their decisions not to make modifications. Encourage groups to reference the maps they made of their school grounds in tracing the water along the pathways.

Supporting student reasoning:

Level 1 to Level 2: The pathways tool will help students at level 1 to connect the immediate macroscopic world (e.g., a section of river that you can stand next to and see) with the larger landscape of the surface water system. Help students work on a single possible pathway for water entering, traveling through, and exiting the school grounds.   

Level 2 to Level 3: The pathways tool can help students at level 2 consider that there are diverse pathways water can take from any one point. These students may focus on the most visible pathway for liquid water running over the surface. Use the pathways tool to push these students to think about other pathways – such as evaporating into the atmosphere or infiltrating into the soil and groundwater system.

Level 3 to Level 4: Students operating at level 3 consider different pathways, but may leave out less prominent paths, or add in improbable paths. Use the pathways tool to encourage these students to make arguments about whether specific pathways are possible or not and why.
Drivers & Constraints Tool



The purpose of the drivers and constraints tool is to support students in considering why and how water moves along specific pathways. For each possible pathway along which water may move, a starting location is initially identified in the left-most box. Using maps, cross-sections, photographs, activity experiences, text-based descriptions, or other available data, students trace where water might go and identify the process that moves the water to that location (e.g., evaporation, infiltration, etc.). The tool prompts students to further identify the driving forces (e.g., gravity), and the factors that constrain water flow along the pathway (e.g., topography, permeability). For example, water in a puddle may infiltrate into the soil because gravity pulls it down and the soil is permeable.
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Additional Information



Formative Assessments

Formative assessment prompts are associated with the explorations; these prompts encourage thought or discussion about the pathway the water is taking.  The questions are based on our research on student thinking about water.
Quantitative Teaching Strategies

Quantitative teaching strategies are placed throughout the module to facilitate higher student understanding via quantitative reasoning. These strategies should be viewed as ways math can help measure, quantify, and illuminate trends and explain models. Special emphasis has been given to common math issues which with students tend to struggle. 

Implementation


Classroom Implementation
Full Option

	Day 1
	Pre-Assessment, Engage

	Day 2
	Exploration 1.1 & 1.2

	Day 3
	Exploration 2 & 3 (start)

	Day 4*
	Exploration 2 & 3 (finish), Exploration 4

	Day 5
	Explain, Elaborate

	Day 6
	Post-Assessment


* Explorations 2 and 3 need 2-3 days between set up and completion
Condensed Option

	Day 1
	Pre-Assessment, 

	Day 2*
	Engage, Explorations 1.1 and 1.2

	Day 3
	Exploration 4

	Day 4
	Explain, Post-Assessment


* Completion of schoolyard maps can be assigned as homework
Implementing Explorations - Controls and Replications:
In scientific study it is important to have a control and replications, therefore, where applicable during the explorations, it is important to have a control and at least 3 replicates for each treatment type so that results are more robust and students learn good scientific habits.

Materials List


Each student should have the following:

· #2 pencil with eraser

· 8 Pack of colored pencils

· Calculator
· Map of school grounds with grid (see exploration 1.1)
· Blank Student Worksheets

· Blank Formative Assessments
Each group of ~4 students should also have the following:
· Blank Tools for Reasoning:  pathways tool and drivers and constraints tool

· clipboard
Exploration 1.1: Determining Proportions of Different Surface Types

You will need a detailed map of your school grounds.  There are 2 options:

· Option A:
Satellite view printout of school campus:  use Google Earth to get a color image of your school
Grid printed on an overhead transparency (see page 23)

· Option B:
Computer with internet access, web browser, Microsoft Silverlight plug-in
Exploration 1.2: Runoff 

· Black & white line drawing of school campus from exploration 1.1
· Inclinometer (glue inclinometer sheet, page 31, onto a stiff piece of cardboard and place in a sheet protector.  Tie a washer on a string and poke the other end of the string through cardboard by the arrow on the inclinometer.  The washer should not extend past the edge of the page.)

Exploration 2: Evaporation 

· Evaporation Instruction and Data Sheet (each student)
· Square plastic pan (~8”x8”x2”)

· Gray fiberglass window screen (~12”x12”)

· Container of water (~1 gallon)
· Ruler
Exploration 3: Transpiration 

· Transpiration Instruction and Data Sheet (each student)
· Duct tape

· Baggie (Gallon size sealable, cut off zipper)

· Sharpie marker

· Graduated cylinder, plastic (25 mL)

Exploration 4: Infiltration 

· Infiltration Instruction and Data Sheet (each student)
· Infiltrometer and Stopwatch

· Container of water (~1 gallon)

· Ball of modeling clay in a baggie (~2” in diameter)
· Block of wood and rubber mallet
· Optional: Asphalt roof shingle

Explain: Tracing Pathways & Processes

· Tracing Pathways Logic Model (each student)
Extension:  Obtain from your administration: Number of gallons of water your school uses in a year.

Engage: Research Question


Ask your students to draw from memory a detailed diagram of the water cycle using their colored pencils.

Next have your students copy the following research question into their notebooks:

“How much water falls on our schoolyard during a year and where does it go?”

Explorations 1-4 will help us answer this research question. 

Optional: Show students the “Water Engagement Powerpoint Presentation.”  This short presentation introduces useful vocabulary terms.  The presentation can be found at: http://www.cns-eoc.colostate.edu/msp-nrel.html.  Insert your city’s name and its annual average rainfall on the first slide. 

The term precipitation includes all forms of water falling from the sky: rain, hail, and snow.  To determine how much water falls on your school’s property in a year, do an internet search for “annual precipitation in your town”.  The search results should give you a ballpark figure for your area.  The number is typically reported in inches.  

Insert an aerial image of your schoolyard onto slide 12 and slide 13 behind the grid. 
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Exploration #1:  Mapping

Explorations 1.1 and 1.2 both involve mapping the school grounds and can be completed simultaneously, however if students are in need of extra scaffolding, these activities could be completed separately.  
Exploration #1.1: Determining Proportions of Different Surface Types



Precipitation that falls on your school’s property goes somewhere.  The type of surface a raindrop falls on makes a big difference as to where that drop will go.  The drop could infiltrate, runoff, evaporate, or transpire.  To help us answer our research question, we need to estimate the proportions of the major types of surfaces on our schoolyard including vegetation and built environmental features.
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Steps

1. Administer Map Formative Assessment.

2. Have students work in groups to complete pathways tool and discuss.  You will be revisiting student responses after the explorations.

3. Brainstorm all of the different types of surfaces present on your school grounds.

4. Lump similar surfaces together if they come up with more than ~6 different types.

5. Measure the area of each surface type.  
Quantitative Teaching Strategies: Students struggle with finding the areas of irregularly shaped figures and your schoolyard is bound to have an irregular shape.  For example, below is a Google Earth picture of the Laramie High School schoolyard.
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a. Option 1: Have students place a clear grid overlay (page 25) on the picture of the school and count the number of grid squares inside the schoolyard boudaries to estimate the area. Note that it does not matter if the unit is in scale with the picture since we are finding a ratio, which is unit-less.

b. Option 2:  Measure the sides of the school using the Google Earth ruler or have students physically measure the sides with a tape measure.  In the image above, Google Earth ruler gives an approximate measurement as north side 381.5 meters, east side 298.2 meters, west side 271.1 meters, southwest side 192.6 meters, and southeast side 195.5 meters.  Have multiple students or groups take measurements to illustrate user variability. Here is an opportunity to discuss precision and accuracy:  Accuracy (how close the measure is to the actual measure) and precision (how refined the measure is – would it differ if we used centimeters?) can be used to discuss where error in measurement comes from.  Students can calculate an average area using the various measurements from each student or group.  

Quantitative Teaching Strategies; Proportions and proportional reasoning: Proportions and proportional reasoning are difficult for many students.  

a. Using the grid overlay, now ask students to estimate  the amount of each surface type in terms of a ratio of part- to-whole (proportional reasoning).  A ratio is a comparison of two quantities with like units.  Ratios can compare part-to-part (area of roof to area of concrete) or part-to-whole (area of roof to whole area).  Have students use the clear grid  to estimate the area of roof on the picture of the school yard.  Note that it does not matter if the unit is in scale with the picture since we are finding a ratio which is unitless.
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b. For our picture of the schoolyard we had approximately 207 cm2 for the entire schoolyard.  The results for each surface type are as follows:  56 cm2 black-asphalt, 29 cm2 red-roof, 5 cm2 gray-cement, 14 cm2 blue-track.  The grass is the oddest shape and the hardest to estimate so don’t count it directly, subtract your other estimates from the total to get an estimate for grass:  207-56-29-5-14 = 103 cm2 of grass.

c. Now calculate the ratios of each surface type as surface type area/total area: 

Surface         area in square cm         ratio of surface area/total area         % of total area

--------------------------------------------------------------------------------------------------------------------

asphalt                   56                                    56/207                                    27.1%        

concrete                  5                                      5/207                                    2.4%    

grass                     103                                103/207                                   49.8%   

roof                         29                                   29/207                                    14.0%   

track surface           14                                   14/207                                    6.8%   

---------------------------------------------------------------------------------------------------------------------

Sum                     207                                  207/207                                  101.1%   

Note that this gives us 101.1% total, have the students discuss the role of rounding and estimation in the above calculations and explain why they should not be surprised if the amount is a bit more or less than 100%.  
Note:  While you can determine the proportions of surface types in the school yard with a map and grid, always take your students outside and have them ground truth their maps.
6. Have each team make a pie chart showing the proportions of the different surface types and then combine onto a single pie chart for the class.
Examples of student work
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Discussion Prompts

· How does the present land cover compare to what was here before civilization?
· If you could change your school grounds, what would you do?
How does your school’s land cover compare to the land cover of other schools in your community? 

School Map Formative Assessment
Below is a map of a school campus. 
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1. If you were looking from the side instead of from above, what would the shape (height) of the land be like across the distance from Point X to Point Y? (Circle the answer you think is the best.)

	A
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	D
	[image: image18.jpg]




	B
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	E
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	C
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	F
	There’s no way to know.


Explain your reasons for your answer.

_________________________________________________________________________________________________________________________________________________________________________________________________________

2. Circle which direction you think School Creek is flowing: 

a. North      b. South      c. You can’t tell from the map

Explain how you know.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Purpose

To create a map of your school grounds, students need to be able to translate a 3-dimensional landscape into a 2-dimensional map. To do so, students should understand how maps (even maps that do not show topo lines) can include information about topography. Because surface water flows down due to the force of gravity, locations marked as water on a map will be at a lower elevation compared with areas of land next to the water. Some maps showing moving water also provide clues about direction of water flow, but that is not the case for the map in this assessment. Through using this formative assessment, you will be able to probe your students’ levels of spatial reasoning in translating between 2-dimensional maps and 3-dimensional landscapes. Once you identify challenges students are having with map reading and spatial reasoning skills, you will be able to provide focused guidance aimed at helping students to 1) create maps that provide accurate information about 3-dimensional landscapes in 2-dimensions, 2) make inferences about landscape topography from 2-dimensional maps, and 3) use their understanding of the driving force of gravity and the constraining factor of topography to make inferences about direction of water flow using maps.  

Target Understanding (Upper Anchor)

Students who provide level 4 answers are making inferences connecting 2-dimensional maps to 3-dimensional landscapes. Maps that do not include topographic lines can still provide information about topography. In order to understand maps in this sophisticated way, students need to use understanding of runoff processes. Because the driving force of gravity moves surface water to places of lower elevation, a river will be lower in elevation than the land to either side of the river. 

Also on many maps, it is possible to make inferences about which direction water is flowing in a river based on clues such as the angle at which a tributary meets a river, and the relative location of an ocean or a lake that a river flows into. (Note that there are some circumstances in which a lake can flow into a river – such as a reservoir behind a dam and/or a mountain tarn formed by a glacier).  On the school campus map in this assessment, there are no clues provided that would enable someone to figure out the direction of flow of School Creek. 
Students providing upper anchor (level 4) responses to the probe show some understanding of driving forces (gravity) and constraining factors (e.g., topography). Example responses could look like:
1. D

Playing fields are usually pretty level and in option D, the profile of the land starts out pretty level from point X. Then, I know that a creek has to be lower than the land around the creek because water flows down due to gravity. In option D, the profile of the land dips down then goes back up as you move toward point Y. 

2. You can’t tell from the map

There’s no river or other body of water that the creek is flowing into to provide a clue about the direction the water is flowing. I can’t tell if the elevation is higher toward the north part or toward the south part of the school campus, so I can’t tell if the creek is flowing toward the north or toward the south.  

Suggestions for Administration

This assessment is designed so that you can give the prompt to students the day before you go outside to map the school grounds. You can provide a copy of the prompt for each student to write on and turn in to you at the end of the class period, or you can project the prompt with an LCD projector, overhead projector, or Smartboard and have students write their answers in their notebooks.

Connecting Student Responses to the Learning Progression Framework
The following table shows example responses you might expect to see from students responding at different levels on the learning progression.
	Level
	If you were looking from side instead of above, what would the shape (height) of the land be like across the distance from Point X to Point Y?
	Circle which direction you think School Creek is flowing
	Level Response Descriptions

	1
	C. ([image: image22.jpg]


) The map is flat.
OR

F. Can’t tell.
	South. Rivers and creeks always go South. 

OR 

The water runs down the page.


	Responses do not connect 2-D maps with a 3-D landscape. Level 1 responses are very literal, focusing on what’s drawn on the flat piece of paper. Alternatively, responses may say you can’t tell about the shape of the land, without explaining why they think this is the case.  

	2
	A.  ([image: image23.jpg]


) The line slants up from point X to point Y like line does on map. Land must go up like the line goes up.  OR

E. ([image: image24.jpg]


) The land is bumpy near the creek.  OR

F. (There’s no way to know) The map doesn’t show the shape of the land.
	North. I can tell because the compass is pointing North.


	Responses begin to connect maps to landscapes. However, level 2 responses have trouble connecting details of a map representation to a 3-D landscape. While they realize the map is a representation of a place, level 2 students may just describe what they see on map without understanding implicit connections to things like topography in landscape. 

	3
	B. ([image: image25.jpg]


) The land goes down to the creek.  OR

D. ([image: image26.jpg]


) The creek is lower.


	You can’t tell from the map

The map doesn’t show which way the creek is going.
	Responses show understanding that the map is a representation of a 3-dimensional landscape and make some inferences about the landscape by looking at the map. However, level 3 students generally do not use drivers and constraining factors to explain what is happening. Thus, they sometimes make mistakes in their interpretations and inferences. 

	4
	D. ([image: image27.jpg]


) Playing fields are usually pretty level and in D, the land starts out level from X. A creek has to be lower than the land around it because water flows down. In option D, the land dips down where the creek is. 
	You can’t tell from the map

Sometimes you can tell direction of water from a map, but not here. There are no tributaries, topo lines, or other clues to suggest elevation and direction. 
	See target understanding description on previous pages.


Level 1: Force Dynamic Accounts Suggestions

You can help students who give level 1 responses begin to see the connection between 2-D map representations and 3-D landscapes. If you have a creek, river or pond close to your school, print out a map of the area (e.g., using map view on Google Maps) and bring students to the area near the water. Show students the map and ask them to compare the height of the land around the water to the height of the land in and under the water. What do they notice? Ask students why the land will always be lower where there’s water? Ask students to describe what a map can tell you about the shape of the land? If you don’t have any water near your school, you might try building a model watershed with your students. One such activity can be found at http://www.in.gov/dnr/nrec/files/Tarp_Activity.pdf (note that you might skip the pollution aspect of this activity, and focus on the aspects that address watershed structure and function).  After you build and model water movement in the watershed, ask your students to draw a map of the watershed showing where rivers and ponds or lakes are found in their model watershed. The same questions from the first suggested activity can be asked during a watershed modeling activity.     

Level 2: Force-Dynamic Reasoning with Mechanisms Suggestions

Level 2 responses demonstrate understanding that a map is a representation of a landscape. However, students who provide level 2 responses have limited understanding of how the map implicitly represents aspects of the landscape. Similar activities as those described for level 1 can also be useful for students who respond at level 2. These activities will help students develop spatial reasoning connecting maps with 3-D landscapes.

Level 3: School Science Stories Suggestions

Level 3 students do a pretty good job using spatial reasoning to make sense of maps. You can provide them with activities that will help them focus on driving forces and constraining factors that determine which way surface water flows, and the clues to direction of surface water flow that are evident on some maps. So, for example, you might provide students with maps showing tributaries entering a river and/or a river entering a lake the students are familiar with (e.g., one of the Great Lakes). Ask students to describe which way water is flowing in the tributary and the river, and to explain how they know. Encourage students to describe what force moves surface water (i.e., gravity), what factors constrain the direction of surface water flow (i.e., topography), and what you can tell about these things by looking at a map. Level 3 students could also benefit from learning about topographic maps, which provide specific information about topography that can be used to understand and predict where water will flow across the surface of a landscape. One USGS lesson for helping students learn to read and understand topographic maps is available at http://egsc.usgs.gov/isb/pubs/teach-pack/mapshow/. National Geographic also has an online lesson posted in which students make a clay model of a mountain, then translate their model into a topographic map. This lesson plan is available at http://www.nationalgeographic.com/xpeditions/lessons/01/g68/dogstails.html. If you use topographic map lessons with your students, you can ask students to compare and contrast what information about surface water can be determined by looking at a topographic map versus a map without topo lines. If you do not want to work with topo maps with your students, another option is too obtain plastic relief maps of your area. These 3-D maps can be compared with 2-D maps of the same area. By providing the two types of maps together, you can prompt your students to compare the representations of rivers on both maps and look for patterns in things like how tributaries tend to connect to main stems of rivers, and whether rivers tend to flow into lakes and oceans or vice versa. Having relief maps handy while also looking at 2-D maps can help students to consider the driving force of gravity and the constraining factor of topography because the 3-D nature of relief maps makes the effects of gravity and topography more explicit. You can even have students pour water onto a relief map and see what happens!
Grid Overlay for Schoolyard Mapping Activity - Photocopy this grid onto a transparency
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Exploration #1.2: Testing Fundamental Processes: Runoff



Topography and surface type are the key factors that control runoff.  Many urban areas have been engineered to some degree to help control runoff of water from storms.  For example the ground surrounding most buildings slopes very gradually toward the street to prevent basement flooding. Have students make predictions of runoff directions based on slope of the schoolyard.
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Steps

1. Administer Runoff Formative Assessment.
2. Have students work in groups to complete the drivers and constraints tool and discuss. 
3. Construct inclinometers by gluing the inclinometer page to a stiff piece of cardboard and placing it in a sheet protector.  Tie a string to a ¾” washer and poke the other end through the cardboard at the arrow.  The washer should hang down far enough to reach the protractor scale.

4. Teams of students will use the inclinometer to measure the slope of the surfaces they mapped in exploration 1.1.  They can record angles on their map using the inclinometer.  They will then use colored pencils to annotate their map showing where water should go based on topography.  Have them locate gutter downspouts, stairways, mounds, drain grates, depressions, etc.

5.  You could use buckets of water to verify predictions.

Examples of student work
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Discussion Prompts

· Where is the rate of runoff the fastest and why?

· Where does the water that runs off go?

· Why do puddles form in some areas and not in other areas?

Runoff Formative Assessment

River Cleanup

[image: image32.png]



Alberto, Brenda, Cheng, Deja, and Elan were volunteering for the annual river clean-up in their town. They were finding lots of plastic water bottles, tires, shoes, and other garbage in the river. As Elan put yet another plastic water bottle in their trash bag, he asked, “If we didn’t pick this bottle out of the river, where do you think it would go?” Everyone had an idea. 
Alberto: Maybe the bottles follow the water from this river to a smaller river. 

Brenda: I think the bottles float downstream. 

Cheng: I think the bottles float away.  

Elan: Well, the bottles could go to the town of Pueblo Rio. The river in Pueblo Rio is connected to this creek. 

Deja: I disagree because Pueblo Rio is up in the hills. This river goes to the town of Sweetwater, which is in the lowlands. 
Who do you agree with most? _____________________
Explain your reasons. If you agree with no one, please write your own answer to the question.

Purpose

When your students are mapping your school grounds, one of the features of the school grounds that they will be exploring is determining the pathways for surface water runoff. In doing so, students must reason about where surface water flows and why. Our research show that through their direct experiences with water, students realize that water flows downhill. However, students do not often use this embodied understanding to reason about where flowing on the surface goes or why. This formative assessment probe is designed to efficiently provide you with some insight into your students’ reasoning about where water flows before you begin mapping the school grounds. By understanding how your students are thinking about surface water, you can provide more focused guidance in helping them reason about pathways for runoff on the campus and more broadly, what forces drive surface water flow and variables that constrain surface pathways.

Target Understanding (upper anchor)

In reasoning about where surface water flows and why, students must consider driving forces and constraining variables. The driving force for surface water is gravity. Water on Earth’s surface flows downhill because the force of gravity pulls water downhill. The actual pathway that the water takes depends on the topography that shapes the land surface and the permeability of the surface that the water is moving across. 
Suggestions for Administration

This assessment is designed so that you can give the prompt to students the day before you plan to go outside to map the school grounds. You may provide a copy of the prompt for each student to write on and turn in to you at the end of the class period or project the prompt and have students write their answers in their science notebooks. 

Connecting Student Responses to the Learning Progression Framework

Each person in the scenario offers an answer and a reason that aligns with a level of achievement in the learning progression framework. The descriptions below links each response with a level of achievement and explains the characteristics of student thinking at that level.

Connecting Student Responses to the Learning Progression Framework
The following table shows example responses you might expect to see from students responding at different levels on the learning progression. Note that students’ explanations tend to be more important than the response options they pick for assigning a level of reasoning.
	Level
	Which student do you agree with the most?
	Level Response Descriptions
	Implications for Runoff/School Mapping Activity

	1
	Cheng: I think the bottles float away
	Students do not yet make the connection between water in two different locations. These students see that water in rivers flows and that it flows away from them but they do not yet explain where the water goes when they no longer see the water. They also do not explain where the water flowing in the river comes from. To them, rivers by definition just have water in them.
	Students will find it difficult to trace where water on the school grounds will go if there is no visible water flowing. They will have more difficulty tracing overland flow on surfaces covered by vegetation or bare soil.

	2
	Alberto: Maybe the bottles follow the water from this river to a smaller river.

Elan: Well, the bottles could go to the town of Pueblo Rio. The river in Pueblo Rio is connected to this creek.
	Alberto: Students trace water from somewhere to somewhere else and give reasons for the pathways that water takes. Often students say that water flows from “big water to smaller water.” That is, students explain that since water is always flowing in a river, there must be a large source upstream, such as a large lake or bigger river, that supplies all of the water in the river. 
Elan: Students often trace water flowing to other connected water. That is, water in a river flows into other rivers. For students with Level 2 responses, the connection is the main focus. Their answers do not account for the role of topography in constraining the direction that water flows.
	Students may also have difficulty tracing where surface water on the school grounds flows if there is no visible water flowing, especially on surfaces covered by vegetation or bare soil. These students may note connections between possible pathways, such as places that are connected to gutters or drainages or creeks. They may also notice the relative size of pathways (such as bigger gutters, bigger drainages, or large puddles).

	3
	Brenda: I think the bottles float downstream
	Students explain the direction of water flow. They often describe many pathways, including runoff, infiltration, and evaporation. These students also explain that water flows downhill or downstream. However, students who use the term “downstream” are not necessarily referring to a lower elevation, but just describing the direction that water flows. Students with Level 3 responses correctly describe where water goes, but are not yet practiced at providing reasons why the water will flow that way. To Level 3 students, all pathways are equally possible.
	Students will be good at identifying possible pathways for water to flow on impervious surfaces such as parking lots and sidewalks, even if there is no water visibly flowing. They may also identify possible surface pathways on vegetated or bare soil surfaces. They may not yet articulate why water will flow in some places and not others.

	4
	Deja: I disagree because Pueblo Rio is up in the hills. This river goes to the town of Sweetwater, which is in the lowlands.
	Deja indicates she is thinking about topography and elevation in controlling where the water flows. She notes not just the direction but also explains why the water goes one direction and not another.
	Students can explain the influence of gravity and topography on surface water. 


Level 1: Force Dynamic Accounts

When you are outside, have students look for evidence that water was flowing on the surface. Look for places where leaves or sediment have been moved by water flowing in the past. Follow gutters and other obvious water pathways to see where they lead. You could also pour some water on the ground and have students draw pictures or write about where they see the water going.

Level 2: Force-Dynamic Accounts with Mechanisms

As with Level 1 students, you may begin by pointing out evidence that water has flowed across surfaces in the past, including places where it may have flowed across surfaces that are not impermeable. Then, have students map out possible connections among pathways. Note relative sizes of pathways and guide students in recognizing that as two smaller pathways converge, the volume of water in the merged pathway becomes larger. Pour water across various surfaces from two different locations to observe what happens when the water in two pathways comes together. Also, note higher and lower elevations and make explicit that the water doesn’t just flow to connected water, if flows to places that are downhill.
Level 3: School Science Accounts

The school yard mapping activity and infiltration activities are designed to support students at Level 3 to consider variables that will influence whether water on a surface will infiltrate or runoff. Push students to consider why water will flow on the surface on some school yard surfaces and not others. Help them think about where the water goes on permeable surfaces and what some reasons are for why water might sometimes flow across surfaces that seem relatively permeable. For example, after a long rain event, the soil-covered surfaces may be saturated and water will collect and flow off some soil-covered surfaces. Also, provide students with tools for determining relative elevations of various points on the school yard. Such tools could be topographic maps, levels and surveyor sticks, or even just rolling balls or pouring water across surfaces to see where they go.
Level 4: Model-Based Accounts
Students who agree with Deja will also likely benefit from support considering the role of permeability in controlling surface runoff. Support students at Level 4 using the same suggestions listed above for Level 3 students.

Using the Drivers and Constraints Tool

Use the drivers and constraints tool to consider possible runoff pathways. As students are measuring inclination of surfaces, engage them in considering the implications of topography for runoff pathways. You may ask students to enter a starting location and a possible ending location and then use the tool to consider if water would runoff to that location and why.  For example: 
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Supporting student reasoning
Level 1 to Level 2: Students starting at level 1 often focus on humans as the source of all actions. They may not consider that the natural world provides driving forces that do not require human intervention. Use the drivers and constraints tool, perhaps with just one row, to help students at level 1 focus on the central idea that liquid water runs down across a surface because of gravity, and that the shape of the land influences what path the water will take, as gravity pulls water down slopes to lower places.
Level 2 to Level 3: At level 2, students recognize that water flows downhill, but they may encounter difficulty applying that idea to locations that are not immediately adjacent to each other. Use the Drivers and Constraints Tool to help student reason about water moving, for example, from a rain gutter across a parking lot to a street. Support students in thinking about the topography of the school yard and how that affects pathways. Support students in noticing higher and lower elevations. 
Level 3 to Level 4: Students operating at level 3 should be able to complete the Drivers and Constraints Tool with moderate amounts of support. Push students to consider the likelihood of various possible pathways for water runoff and the reasons why water might flow along one pathway rather than another. Students at level 3 should also be able to think about how surface permeability affects runoff as well. 

Inclinometer
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Exploration #2: Testing Fundamental Processes: Evaporation 



Evaporation

Some of the water that lands on your school property will evaporate.  The rate of evaporation depends on temperature, relative humidity, and wind speed.  Your students can easily design an experiment to test the effects of temperature and wind.
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Steps

1. Have students work in groups to complete drivers and constraints tool and discuss.

2. Have each team be responsible for a different evaporation pan.  Fill the pans half full with water, cover with window screen (to prevent animals from drinking the water), and place outside in different locations.  Try the following locations: shade, full sun, calm wind, full wind.  Avoid sprinkler locations.  As an additional control it is a good idea to put out an empty container in case it rains so that you can determine how much water was added to the evaporation pans during any potential rain events.  

3. Use the ruler to measure the height of the water at the edge of the pan in the same place each time (in case the pan is not exactly level).  Measure to the nearest 1/8”.  Don’t forget to take a measurement when you first put out the pans.
4. Revisit the pans over several days to measure and record water height.

5. Average your class results and extrapolate to one year of evaporation at the rate you measured. It is important that you have at least 3 pans of each treatment type.   Here is a good opportunity to discuss sample size.  You could ask your students to think about things that could happen to a pan to give you inaccurate results.
Quantitative Teaching Strategies:  Rates and Units: Students are asked to conduct an experiment in order to discover how temperature and wind speed influence the rate of evaporation. What difficulties might the students encounter when being confronted with this experiment?
a. Have the students explain what a rate is. A rate symbolizes a change which is based on division. It is a ratio between the change of an object’s quantity relative to the corresponding change of another object’s quantity. In this case, students are supposed to identify the change of the amounts of water which evaporate over a certain time. The students use equally filled water pans and measure the change of the water level in inches each day. Thus, the two quantities that are compared in the rate are the height of the water level in inches over a certain time. It is important that the measured changes are corresponding, meaning that the change needs to be measured over equal time intervals in order to compare results. The rate can be seen as the speed of a certain process, here evaporation.

b. Have students discuss the appropriateness of units before telling them to measure in given units. Students often neglect units and have difficulties choosing appropriate measures. Neglecting the units can also lead to mistakes in calculations if the units are not uniform. This can be done by using manipulatives in class, such as a meter stick or a ruler.
Example of student work:
	
	Month: April

	
	Site Description:

Full sun (replication 1), 20 feet from building


	Pan Location
	Day 1

(inches)
	Day 2

(inches)
	Day 3

(inches)
	Evaporation Rate

(Day 2 – Day 1)

(inches/day)
	Evaporation Rate

(Day 3 – Day 2)
(inches/day)
	Average Daily Rate of Evaporation

(A + B) /2

	Full Sun
	1.5
	1.226
	1.126
	A) 0.274
	B) 0.100
	0.187
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Discussion Prompts

· Where does water that evaporates go?

· Does more water evaporate than precipitates for your region? Why?

· Does all of the water that falls from the sky evaporate?

· Where does the water that does not evaporate go?

· How can you make your experiment better?

· How does Temperature and Relative Humidity affect the rate of evaporation?

Using Drivers and Constraints Tool
Use the drivers and constraints tool to explore how and why water evaporates and transpires. In this activity and the following, students measure volumes and rates of evaporation and transpiration. You may have some students who design experiments to test the effects of temperature and wind on evaporation and transpiration rates. Students may also compare transpiration rates from different types of vegetation. In either small group or whole group conversations, have students brainstorm the drivers and constraining factors for evaporation and transpiration. Then, use the drivers and constraints tool to scaffold students in considering which of these drivers and constraining factors may affect transpiration and evaporation at different locations on the campus.  
Drivers and Constraints for Evaporation and Transpiration

	Process
	Drivers
	Constraining Factors

	Evaporation
	Heat Energy
	Temperature

Relative Humidity

Wind Speed

	Transpiration
	Heat Energy
	Sunlight

Temperature

Relative Humidity

Wind Speed

Plant species

Size of plant

Soil water


Drivers and Constraints for Evaporation and Transpiration (continued)
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Examples of Drivers and Constraints Tool for considering evapotranspiration pathways.

Supporting student reasoning:

Level 1 to Level 2: Students starting at level 1 may encounter difficulty understanding where the water in the transpiration bags came from or where water that evaporates goes. They need support understanding that water exists in the gas stage. Use the Drivers and Constraints tool to support students in tracing the water from the leaves as a gas to condense inside the bag. Focus mostly on the connections between the initial location (e.g., leaves, parking lot) and the ending location. Do not worry about the driving forces or constraining variables at this point.

Level 2 to Level 3: Students operating at level 2 are working on understanding processes, especially processes that are invisible, such as evaporation and transpiration. Use the Drivers and Constraints Tool to support students in thinking about where the water in the transpiration bag came from and how it got there. Similarly, in tracing water through evaporation, use the Drivers and Constraints Tool to help students understand that heat energy is required for water to move from a liquid to gaseous state.

Level 3 to Level 4: Focus support for students operating at level 3 on considering the various constraining variables that affect evapotranspiration rates and volumes. Engage students in comparing potential evapotranspiration at various locations on the school grounds, and comparing the constraining factors at play in the different locations to ehlp explain differences in evapotranspiration rates. 

Evaporation Instructions and Data Sheet

1. Your team is responsible for an evaporation pan.  

2. Fill your pan half full with water.  Measure and record water height to the nearest 1/8”.
3. Use duct tape to attach window screen to cover the pan (to prevent animals from drinking the water).  Put the tape on in such a way that you can open the top to take a measurement each day.

4. Place outside in a carefully chosen location.  (Shade, full sun, calm wind, full wind.  Avoid sprinklers.)

5. Use the ruler to measure the height of the water at the edge of the pan in the same place each time (in case the pan in not exactly level).  Measure to the nearest 1/8”.

6. Revisit your pan the next day to measure and record water height.

	
	Month:

	
	Site Description:



	Pan Location
	Day 1

(inches)
	Day 2

(inches)
	Day 3

(inches)
	Evaporation Rate

(Day 2 – Day 1)

(inches/day)
	Evaporation Rate

(Day 3 – Day 2)
(inches/day)
	Average Daily Rate of Evaporation

(A + B) /2

	
	
	
	
	A)
	B)
	


Complete above chart for each pan placed in the schoolyard.  Calculate a class daily rate of evaporation for all pans.  Extrapolate your average daily evaporation rate to a year by multiplying by 365.

	Annual Evaporation

(inches/year)

	


Exploration #3: Testing Fundamental Processes: Transpiration



Transpiration
Plants need water to survive.  They use their roots to extract water from the ground.  The water is drawn up the trunk, out through the branches to the leaves, where it eventually is released back into the air as water vapor in a process call transpiration.  From water’s standpoint, a tree is a pump that pumps water out of the ground and puts it back into the atmosphere.  You can perform a simple experiment to see how much water comes out of leaves or needles in a day, and then extrapolate to the number of leaves on the tree.
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Steps

1. Administer Transpiration Formative Assessment

2. Go outside and find a suitable tree with limbs reachable by students.

3. Have each team place a baggie over a batch of leaves of approximately the same size or as many needles as you can get into the baggie, and use duct tape to seal it around the stem.  The top of the baggie should be higher than the bottom of the baggie to prevent leakage.  It is best to remove the leaves or needles where you will place the duct tape.  Label the bag with a sharpie marker with the team’s name.

4. Return to the tree in two or three days and carefully remove the baggie without spilling any water that accumulated.

5. Use a 25 mL graduated cylinder to measure the volume of water collected.

6. Divide your result by the number of leaves or needles in the baggie and then multiply by the estimated number of leaves or needles on the tree. 

Note:  Don’t forget to replicate each baggie location 3 times for a more accurate transpiration value.
Discussion Prompts:
· Do the leaves on the north side of the tree give off as much water as the leaves on the south? Why or why not?

· Do higher leaves give off more or less water than lower leaves? Why?

· How do different tree species compare? How about deciduous vs. evergreen?

· What is the best way to estimate the number of leaves on a tree? Why?

· Do you think grass transpires more or less than trees? Why?

· Could we determine the amount of water that transpires annually?  How would we do this?

Transpiration Formative Assessment

What happens to water inside a plant?

Six friends are walking through their neighborhood when they notice someone watering their garden.  One friend asks:  What happens to the water that enters the plants?

Michael responds:  The plant stores the water  

Jason responds:  The water will eventually come back out into the soil 

Tonya responds:  The water leaves the plant as a gas 

Juanita responds:  The water makes the plant live and grow. 

Charles responds:  The plant evaporates the water 

Who do you agree with the most and why?  If you disagree with all the responses, please provide your own response. 

Which student do you agree with the most? ______________________________

Why? __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

If you disagree with all of the provided responses, provide your own answer to the question, “What happens to the water that enters the plants?” __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Purpose

Transpiration is a major process by which water moves between land and the atmosphere.  According to the United States Geological Survey, 10% of the moisture found in the atmosphere is released by plants through transpiration.  Exact transpiration rates vary greatly geographically and are directly influenced by the following factors:  temperature; relative humidity; wind and air movement; soil-moisture availability; and type of plant.  Since transpiration involves the conversion of water in plants to water vapor, we consider this an invisible process, i.e., a process you cannot stand around and witness.  Therefore, your students may have difficulty picturing how this process works.  
Through using this formative assessment, you will be able to probe your students’ levels of understanding about transpiration’s role in moving water through and between connected systems. Once you identify challenges students are having with understanding transpiration, you will be able to provide focused guidance aimed at helping students to 1) understand how water moves through plants, 2) understand how water changes states, 3) make estimates about the total contribution vegetation in their schoolyard makes to moving water from the land to the atmosphere.  

Target Understanding (Upper Anchor)

In order to reason with sophistication about water movement through and between connected systems, as students think about water movement, they need to be able to conserve water across all system boundaries including recognizing water in hidden and invisible places.  Students also need to be able to describe systems and processes at multiple scales including the atomic-molecular scale.    
Students reasoning at the upper anchor (level 4) should respond to the probe in a way that shows some understanding of transpiration as a process that moves water from a liquid state in a plant to a gaseous state in the atmosphere. Tonya’s response corresponds most appropriately with an upper anchor understanding of transpiration.   

Suggestions for Administration

This assessment is designed so that you can give the prompt to students the day before you go outside and set up your transpiration bags.  You may provide a copy of the prompt for each student to write on and turn in to you at the end of the class period, or project the prompt and have students write their answers in their science notebooks.

Connecting Student Responses to the Learning Progression Framework

Each person in the scenario offers an answer and a reason that aligns with a level of achievement in the learning progression framework. The descriptions below link each response with a level of achievement and explain the characteristics of student thinking at that level.

Connecting Student Responses to the Learning Progression Framework

Each person in the scenario offers an answer and a reason that aligns with a level of achievement in the learning progression framework. The following table shows example responses you might expect to see from students responding at different levels on the learning progression. Note that students’ explanations tend to be more important than the response options they pick for assigning a level of reasoning.
	Level
	Which student do you agree with the most?
	Level Response Descriptions
	Implications for Transpiration Bag Activity

	1
	Juanita’s response: The water makes the plant live and grow.
	Students with Level 1 responses reason that water is something that plants need to grow. Without water, the plants will die. Students do not trace water into the plant and cannot yet imagine that water might be an invisible gas. They also do not identify processes that move water - water can disappear or re-appear with no apparent reason.
	Students with Level 1 responses will have difficulty understanding that the water in the transpiration bags came from the leaves on the tree.

	2
	Michael’s response: The plant stores the water.

Jason’s response: The water will eventually come back out into the soil.
	Students with Level 2 responses can begin to trace water through visible pathways. They may know that plants take up water through their roots, but do not trace water out of plants through invisible processes. They recognize plants need water and may reason that the roots or the plant in general must store the water to be able to use it. 
	Students do not yet understand how the water gets into the transpiration bag. Students recognize that a mechanism must be responsible for making the water appear inside the bag. When they recognize a mechanism, they will be more likely to believe that the water came from the leaves. Likewise, students may have difficulty tracing water back through the plant to the roots and the soil.

	3
	Charles’ Response:  The plant evaporates the water.
	Students with Level 3 responses can trace water through the plant. They can name processes such as transpiration or evaporation. However, students do not describe these processes at an atomic-molecular scale and do not account for changes of state.
	While recognizing that the water in the transpiration bags came from the leaves, they may not be able to complete the account of water moving from the leaves as a gas and then condensing on the sides of the bag.

	4
	Tonya’s Response:  The water leaves the plant as a gas.
	Tonya recognizes that the water didn’t disappear and doesn’t stop at just stating the process of evaporation. She traces water from the plant into the atmosphere and recognizes that there is a change of state. Students at Level 4 may also be able to consider factors that affect rates of transpiration, including temperature, relative humidity, and plant type.
	Students with Level 4 responses will be able to trace the water from the soil into and through plants to water vapor in the air. They will also be able to consider relative rates of transpiration for various types of plants/ vegetation cover.


Level 1:  Force-Dynamic Reasoning

The goal for moving Level 1 students to Level 2 will be to help Level 1 students recognize that the water in the bags came from the leaves. The water did not just appear; it had to come from somewhere. Probe students about where they think the water came from. If time permits, have students put celery or a carnation in a water vase. Put a small amount of food coloring in the water. Put plastic wrap over the top of the vase so that the only water leaving the vase must move through the plant. Mark the initial water level on the vase. Allow students to observe the plant for several days and mark the water level on the vase each day. Students should notice the water level decreases and the leaves of the celery or petals of the carnation turn the same color as the water. You may also put a transpiration bag over the top of the celery or carnation to collect the water. Students should begin to see that the water moves through the plant and eventually out the leaves. 

Level 2:  Force-Dynamic Reasoning with Mechanisms

The goal for Level 2 students is for them to learn that water moves through the plant from the roots to the leaves. The celery or carnation activity described above for Level 1 students may also help Level 2 students understand the mechanisms (processes) that transport water through a plant.

Level 3:  School Science Stories

The goal for Level 3 students is to be able to describe the process of transpiration as a change of state from liquid water inside the plant to gaseous water vapor outside the plant. Diagrams or descriptions of evapotranspiration at the atomic-molecular scale may help students in understanding the phase change that takes place. Support students by making connections to kinetic molecular theory to describe what happens to the water molecules that leave the stomata of the leaves.

Level 4:  Model-Based Reasoning

Support Level 4 students by challenging them to consider why transpiration bags on different types of plants have different amounts of water in them.

Transpiration Instructions and Data Sheet
1. Label the bag with a permanent marker with your team’s name.
2. Go outside and find a suitable tree with limbs you can reach.

3. Place a baggie over a batch of leaves or needles of similar size and use duct tape to tightly seal it around the stem.  You might have to remove some leaves or needles where you attach the duct tape to make a tight seal.  Also, make sure the top of your baggie is higher than the bottom to prevent leaks.

4. Count or estimate the number of leaves or needles in your baggie.
5. Return to the tree in a few days, carefully remove the baggie without spilling any water that accumulated.

6. Use a 25 mL graduated cylinder to measure the volume of water collected.  Average results from the 3 replicate bags.
7. Divide your result by the number of leaves or needles in the baggie and then multiply by the estimated number of leaves or needles on the tree.  
	Month:

	Site Description:



	Tree Type:



	Number of leaves or needles in baggie
	Average (3 bags) volume of water measured (mL)
	Average volume of Water from 1 leaf or needle (mL)
	Estimated number of leaves on tree
	Total amount

transpired per day

	
	
	
	
	


Exploration 4: Testing Fundamental Processes: Infiltration


Different surfaces have different porosity and permeability.  Porosity is a way to describe how much pore space is in the substance.  Permeability is a measure of how well the pores are connected to allow water to flow through the substance.  For this activity we will use the terms permeability and infiltration.  Other similar words are absorb and percolate.  
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Note: This activity will not work if the ground is frozen.
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Steps

1. Administer Infiltration Formative Assessment.

2. Have students work in groups to complete drivers and constraints tool, discuss. 
3. Have your students make a prediction by ranking the permeabilities of surfaces identified in Exploration #1.1.  (Highest permeability allows the most water to flow through it.  Lowest permeability allows the least water to flow through it.)

4. Use the infiltrometers to measure the rate of infiltration of each different surface.

5. Graph the results using the graph provided.
6. Have students compare their Rankings of Permeabiities, then combine student data from the infiltrometers onto an overhead transparency and discuss. 
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Examples of student work
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Discussion Prompts

· Where does water that infiltrates go?

· Why does sand drain faster than soil?

· What are some ways that might allow water to return to the surface?
Infiltration Formative Assessment
1. Start by drawing and labeling what you think it looks like underground.

2. A plastic tube is pressed into the ground and water is poured in.  Next, use a combination of arrows and labels to show where water goes if it were allowed to drain out the bottom of the tube.

[image: image44.wmf]
Purpose

This formative assessment probes students’ ideas about where the water goes after it has infiltrated into the ground. Students’ ideas about what it looks like underground and where the water moves underground are important for understanding students’ thinking about the pathways that water takes through the school yard. How much water infiltrates into the ground is impacted by where the water goes once it infiltrates into the ground.

Target Understanding (upper anchor)

Soil water and groundwater is located within the small pores and cracks between soil and sediment particles. Water displaces the air that was filling these spaces and adheres to the soil and rock particles that make up the ground. When all of the pore spaces are filled with water, the ground is saturated. The top of this saturated zone is the water table. Above the saturated zone, both water and air fill the pore spaces. Within the unsaturated zone, capillary forces can cause the water to move upwards a small amount. However, overall, the force of gravity is stronger than the capillary forces and pulls water downwards. 

How much water infiltrates into the ground depends on the porosity and permeability of the soil/sediment. Porosity is a measure of the volume of pore spaces and permeability is a measure of the connectedness of the pore spaces. In general, larger grain sizes have greater permeability. Small grain size materials can have high porosity because although the pore sizes are small, there are more pore spaces than between larger grain sizes. In general, more water can infiltrate into larger sized materials than into smaller sized materials. 

Once in the ground, water can follow multiple pathways. Through capillary action, some water near the surface may evaporate into the atmosphere. Some water may be absorbed by plant roots and transpired back into the atmosphere. Most water will flow downwards into the soil towards the groundwater table.

Suggestions for Administration

Give this prompt to students the day before you begin the infiltrometer activities in the School Water Pathways. Students may not know what an infiltrometer is, so you may have to explain that the tube of the infiltrometer is open at the bottom. If you have an infiltrometer available, show students what one looks like. Explain that water is poured in the top and they are supposed to draw and explain what where the water goes. You can provide a copy of the prompt for each student to write on and turn in to you at the end of the class period, or you can project the prompt and have students write their answers in their science notebooks. 

Connecting Student Responses to the Learning Progression Framework
The following table shows example responses you might expect to see from students responding at different levels on the learning progression. Note that students’ explanations tend to be more important than the response options they pick for assigning a level of reasoning.
	Level
	Where does the water go?
	Level Response Descriptions
	Implications for Infiltration Activity

	1
	“Water disappears”
	The student implies that water leaves the tube, but provides no specific description or drawing to indicate where the water has disappeared to.  The underground drawing may have a scribble to represent matter, but no details.  Student may refer to the area underground as a simplified location for “dirt”
	Students may have difficulty understanding that the water is moving into the ground. They do not yet understand that there is space underground where water can go.

	2
	“Water goes into the ground”, “The ground soaks up the water”, “Water goes down”
	The student does not elaborate much more than Level 1, but does indicate an interaction between the water and the subsurface. If the student assumes the area underground is dirt, then adding water would cause some of the subsurface to take on the characteristics of “mud.” Students may also indicate that there are large openings underground, such as underground rivers or lakes where the water goes.
	Students will understand that the water is going into the ground and is not disappearing. They have difficulty understanding the scale of the openings underground and they are not yet considering how different size materials affect how much water can soak into the ground or how fast the water can soak into the ground.

	3
	“Water goes down into the ground due to gravity”  “Plants use water”
	The student has elaborated a little more than Level 2. They may draw arrows indicating the direction of water flow. The student may refer to the subsurface as “soil” instead of “dirt”, may include particles in the drawing, and may show some activity related to organisms living in the soil. They may also indicate that water already exists underground, but not necessarily call it “groundwater.”
	Students may still think of the ground materials as fairly homogeneous without much defining structure, such as differences in materials sizes. They do not yet think about multiple pathways that water can take underground. Students have not yet made the connection between permeability and infiltration rates.

	4
	The student shows a great command for the details of water in the subsurface and the possible processes between the surface and subsurface and those isolated to the subsurface.
	Student has a much more complex drawing. Student includes processes like infiltration, percolation, transpiration, and evaporation.  The student recognizes the processes needed for water to enter the ground, move through the ground, and potentially return to the atmosphere via plant material or that some water actually evaporates from the infiltrometer itself prior to infiltration.  They could even indicate that water will evaporate from underground due to pore spaces occupied by air. Additionally, drawing potentially includes soil horizons and decaying plant material (organic layer), variable particle sizes, a variety of biological organisms, and additional subsurface processes. Terms like percolation, pore space, and permeable would include not only the idea of space between particles, but also the connections between interstices and the subsequent increase in permeability.
	Students with Level 4 responses will be able to trace water along multiple pathways underground and consider the implications of different ground covers on these possible pathways into and through the ground.


Level 1: Force-Dynamic Reasoning
In the Substances in Water teaching materials, there is a soil column activity. In this activity, students fill soda bottles with sediment and pour water into the bottles. They can observe the open spaces and see the water moving into these spaces. You may also simply have students fill clear plastic cups with sediment and observe how water poured into the cups fills the spaces between the sediment particles.

Level 2: Force-Dynamic Reasoning with Mechanisms
Students will also benefit from looking at the spaces between sediment particles in either a water column activity or a plastic cup filled with sediment. Emphasize the size of the spaces. Students may compare the size of spaces in two different sediments, such as sand and gravel.

Level 3: School Science Stories
The School Water Budget infiltration activities are ideal for Level 3 students because they give these students opportunities to explore the relationship between permeability and infiltration rates. Support students in making the connection between the size of the pore spaces, how much water infiltrates and how quickly this happens. Also have students draw picture of what they think is happening to the water that infiltrates and how that might look different for the different ground surfaces that they test. Also prompt student to consider what happens to the water underground, including what happens to the water near the roots of plants. These students will also benefit from taking a close look at a soil column and drawing pictures of the difference between saturated and unsaturated zones.

Level 4: Model-Based Reasoning
Push these students to describe potential pathways in detail and explain both the driving forces and constraining factors for each pathway for different types of ground materials. Also, push students to consider what is happening at the microscopic scale inside the pore spaces. For example, have students explain how water underground could evaporate and where that water would go

Using Drivers and Constraints Tool

Use the Drivers and Constraints Tool to consider possible infiltration pathways. After students have measured infiltration rates for various surfaces, have students choose or assign students to consider various starting points on campus for infiltration pathways. 
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Examples of Drivers and Constraints Tool for considering infiltration pathways.

Supporting student reasoning:

Use a drivers and constraints tool to support students in making the connection among sediment grain size, pore size, and permeability.
Level 1 to Level 2: Support students in noticing where the water goes underground. 
Level 2 to Level 3: Use the Drivers and Constraints Tool to help students think about gravity pulling the water downwards, rather than the sediment “absorbing” the water. Also, use the tool to help students notice that different sediment grain sizes have different size pore spaces. Push these students to notice the pattern between grain size and permeability.
Level 3 to Level 4: Students operating at level 3 can also use practice thinking about the effects of gravity on water. Also, emphasize the pattern between grain size and permeability. Use the tool to help make the pattern between grain size and pore size explicit. Help student notice that the larger the grain size, the faster the water soaks in. Push students to consider the consequences of the different grain sizes for pathways that water might take. In which type of sediment will water likely infiltrate quickly and which type will it likely puddle on top or run off? Also, students at level 3 can consider saturation as another important potential constraining factor for infiltration.

Infiltrometer Instructions and Data Sheet

1. Place the infiltrometer on the surface you want to test and make a good seal. In sand or loose soil, simply push the tube into the ground. In hard packed soil or gravel, you may need to twist, push harder, use a block of wood and rubber mallet, or wet the soil a tiny bit. On concrete, asphalt, or roofing shingles you will need to create the seal with a 25 cm long ‘snake’ made out of the modeling clay. The snake should be about 1 cm in diameter.

2. Find a spot on the ground that is smooth and free of plants. Have someone in your group get ready to write down the numbers you read off once the experiment begins.

3. Use the bucket of water to fill the infiltrometer up to the 0mL mark then quickly start the stopwatch. Every 15 seconds, read and record the water level.

4. Plot your results on the graph.

5. Repeat test three times on each surface and average your results.  Conduct test on three different surfaces total.

6. Rank your three surfaces by permeability and be prepared to share with the class.
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Explaining Results


Explain #1: Revisiting Pathways Tool

Now is a good time to revisit your pathway tool and ask students to make any revisions that they feel are necessary.  This tool can be used as a summative assessment to gage knowledge gained.  Here is an example pathway tool for tracing water in a gutter.[image: image48.png]Before
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Explain #2: Quantifying Relative Amounts of Water Following Each Pathway
Now we are in a better position to trace the pathways of water landing on our school.  Some of it infiltrates into the soil, some runs off into storm drains or creeks, some evaporates directly back to the atmosphere, and some gets pumped out of the ground by plants transpiring.  To make sure that your students get the big picture, there is a flow diagram that they can use to help visualize the amounts in different places.
Quantitative Teaching Strategies: The flow diagram is an example of a science model.  Science models for systems such as the water cycle on the schoolyard are often complex and rich with information, which makes them difficult for students to understand.

a. Have students discuss what the blank model is telling them about their schoolyard.  Identify the variables in the model: reservoirs storing water include the atmosphere, grass/plants, and ground water.  Water moves between these reservoirs through the processes of precipitation, evaporation, transpiration, and runoff.  The percents or amounts tell us how much water is where in the cycle at a given time 

b. Have students compare the relative amounts model using percents to the absolute amount model using gallons.  Tracing actual amounts may be easier for students, since it requires less proportional reasoning about percents.  NOTE: for the absolute model have them change all the percent values for each of the surfaces to amounts as well to be consistent. Let the students use the model that makes the most quantitative reasoning sense to them.
Note: the percentages listed on the flow diagram are highly variable from region to region.
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Steps

1. Use the data you collected in Exploration #1.1 to complete the four black boxes in the surface water section of the flow diagram.  You will have to add together your percentages for asphalt and concrete, gravel and sand, etc. Make sure the surface types you combine have similar infiltration rates.
Quantitative Teaching Strategies: We are now reducing the surfaces to just 4 types, so have them examine their pie chart and discuss combining areas of the pie chart that are similar in infiltration.

a. For example, the Laramie High School schoolyard had a track, so the students need to discuss if the infiltration data for the track puts it closer to gravel/sand or asphalt/concrete.  Assuming that the soft track surface made of rubber acts more like concrete or asphalt, they would combine track with the asphalt component of their pie chart.  Using the pie chart will assist them in seeing that the correct operation is to add percents.  This gives us the following percentages of surfaces: 14.0% roof, 27.1% asphalt + 6.8% track + 2.4% concrete = 36.3% asphalt/concrete, 0% gravel/sand, and 49.8% grass as is seen in the pie graphs below
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b. Ask students if they believe the annual rain will fall evenly on the yard.  Since the area is small, we can assume the rain fall will be evenly distributed.  So we can simple say that if about 50% of the rain falls on grass then 50/100 or ½ * total rain is the amount that falls on the grass.  If we assume the schoolyard receives 82,684,903 gallons of precipitation a year (annual rainfall  x area of schoolyard) then we can use the following calculation:  82,684,903 x 0.5 = 41,342,451 gallons falling on the grass.  Similarly we can find the amount of total rain that falls on each of the other surfaces: roof 11,575,890 gallons, asphalt/gravel 29,766,565 gallons

2. For the Absolute Amount diagram:  apply your percentages to the number of gallons of water that fell on your school grounds in a year.

3. For the Relative Amount diagram:  multiply each of the surface water categories by the percent that evaporates, runsoff. Infiltrates, or transpires.
Example: if 12% lands on the roof, 1% of that will evaporate.  You need to multiply 12% by 1% to scale the evaporation value appropriately. When multiplying percentages, use decimals: 0.12 x 0.01 = 0.0012 or 0.12%.  99% of the water that lands on the roof runs off.  So, you once again have to adjust your percentage heading toward the storm drain.  0.12 x 0.99 = 0.118 or 11.8%

Tips

These diagrams are complicated and really need to be displayed in color.  If you do not have access to a color printer, it is recommended that you display a color transparency or computer projected version on the screen for reference.

You can also use the “SWB_Tracing_Pathways.xls” spreadsheet to do the calculations quickly, or to check you work.  See next page.

Discussion Writing Prompts

· Was the percent that evaporated as huge as you estimated in Exploration #2?
· Does enough precipitation reach the groundwater each year for our school to use groundwater sustainably?
· Which process is the most significant?

The following Excel spreadsheet, “SWB_Tracing_Pathways.xls” file can be downloaded from: http://www.cns-eoc.colostate.edu/msp-nrel.html

It is simple to use.  Just enter the four percentages from the surface water section of the flow diagram.  You can also use this tool to test scenarios, such as expanding parking lots or planting more trees on the schoolyard.
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Logic Model: Tracing Pathways and Processes (Relative Amounts)
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Logic Model Tracing Pathways and Processes (Absolute Amounts)
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Elaborate: New Research Questions


Have your students work in teams to answer a few of the following questions.
Water Quantity:

What does it take to allow us to use the water that falls from the sky?  Could we store big tanks of water on the surface?

If our school uses more water than falls from the sky within our school property, where does the extra water come from?

What happens if every building in your community uses more water than what falls from the sky?

How would the water pathways be affected by changes to our school grounds, such as paving over a playing field to expand the parking lot, creating a nature area, planting more trees, or expanding the size of the school?

If the ground is still wet from a previous rain, how does this affect infiltration?

Where does the water that enters a storm drain go?

How do changing seasons affect evaporation or transpiration rates?

What can your school do to use less water?

Water Quality:

(The following questions are addressed in Substances.doc which can be downloaded from http://www.cns-eoc.colostate.edu/msp-nrel.html)

Can the ground purify polluted water?  If so, how?

Can the ground pollute pure water?  If so, how?

What types of substances might pollute runoff?

Where might runoff pollution end up?

What happens to any pollution that might be in the water when the water evaporates?

If the roots of a plant or tree absorb polluted water, what happens to that pollution?
Elaborate: Annual Precipitation vs. School Water Use



How many gallons fall on your school’s property each year?

The term precipitation includes all forms of water falling from the sky: rain, hail, and snow.  To determine how much water falls on your school’s property in a year, do an internet search for “annual precipitation in your town”.  The search results should give you a ballpark figure for your area.  The number is typically reported in inches.  To convert this to gallons, you will need to know the area of your school grounds.  If your school’s property is roughly rectangular or square, you can simply measure or estimate the length and width.  You could go outside and pace the distances, or you can use the Bing Base Maps and Measure tools at http://explorer.arcgis.com.  Volume is just length x width x height, making sure that your units of measure are consistent.  If all of your measurements are in feet, your volume will be expressed as cubic feet.  It is then a simple matter of multiplying by 7.48 to get the number of gallons (1 cubic foot = 7.48 gallons). Have students make predictions before you calculate the answer.

Example Calculation

The average annual precipitation in Fort Collins is ~14”.  14” ÷ 12” = 1.17 feet.

The length of our school grounds is 570 feet.

The width of our school grounds is 375 feet.

The volume of water that fell on the school over the course of the year is 570’ x 375’ x 1.17’ = 250,087 cubic feet.

To convert cubic feet to gallons, we need to multiply by 7.48.
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That’s almost 2 million gallons! (An Olympic-sized swimming pool holds 660,000 gallons)

How many gallons of water does your school use each year?

You will need to check with your administrators to find out who has access to water use data.  You will want an annual use figure.  It can be calendar year or fiscal year, as long as it represents 12 months of use.  The number should include all indoor and outdoor use: toilets, sinks, drinking fountains, boiler, cafeteria, lawn irrigation, etc. 

Discussion Prompts

· Is your school using more or less water than is falling?

· How many bathtubs worth of water fall on your school’s property each year?

· If your school has a sports field and you converted it to a lake with the water that falls from the sky, how deep would the lake be?


Evaluate



Ask students to draw a new detailed diagram of the water cycle, again using colored pencils.  Is their new drawing different from their original drawing?
. 











































(Version 3.2, 6/8/12)











The Water Group*


of the


Pathways to Environmental Science Literacy


LTER Math Science Partnership Project


funded by


The National Science Foundation
































* Andrew Warnock1, Alan Berkowitz2, Brad Blank1, Aubrey Cano3, Bess Caplan2, Beth Covitt4, Katherine Emery3, Kristin Gunckel5, LaTisha Hammond6, Bill Hoyt7, Nicole LaDue8, John Moore1, Tamara Newcomer2, Tom Noel1, Lisa Pitot1, Jen Schuttlefield9, Sara Syswerda8, Dave Swartz1, Ray Tschillard10, and Ali Whitmer6.


Colorado State Univ.1, Cary Institute of Ecosystem Studies2, U.C. Santa Barbara3, Univ. Montana4, Univ. of Arizona5, Georgetown Univ.6, Univ. Northern Colorado7, Michigan State Univ.8, Univ. Wisconsin9, Poudre Learning Center10


Disclaimer: This research is supported by a grant from the National Science Foundation: Targeted Partnership: Culturally relevant ecology, learning progressions and environmental literacy (NSF-0832173). Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.











Targeted Understanding 1:


Gravity and topography drive and constrain water pathways.








Targeted Understanding 2:


Gravity drives water downward and topography constrains its direction.
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Gravity pulls water downhill.





T Water will runoff into the drain because the parking lot slopes 2 degrees towards the drain.
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Targeted Understanding 3:


Heat energy moves water from a liquid state on the land surface to a gaseous state in the atmosphere.
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The grass will be protected from sun and wind by the trees.
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Targeted Understanding 4:


Water moves from a liquid state in the plant to a gaseous state in the atmosphere.








Targeted Understanding 5:


Gravity and soil structure drive and constrain water movement into the ground.
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Gravity pulls water downward





The soil under the grass is relatively permeable. Therefore, water could infiltrate into the soil.
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Targeted Understanding 6:


Conservation of mass: the volume of water that follows all pathways is equal to the volume of water that falls on a set area.
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