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Abstract

This project is a series of 6 short labs designed to be used in conjuncture with lessons on soil creation, erosion and weathering. These labs focus on first teaching the students a “tool box” of skills and then having the students perform their own investigation using these skills and data they had previously learned and gathered.  Lab activities address various CA state standards, utilize the Cornell Notes format and include Soil Texture, Air Content, Soil Moisture, Organic Material, pH, Soil Nutrients and a final project using a variety of the tests.

Project Summary and Goals

Imagine not knowing how to operate a microscope or Bunsen burner but being asked to complete complex tasks with those tools. At many middle schools, 6th grade is the first time that students get a true dedicated science class. This class serves as a major transition; having the students learn many of the basic skills that will carry on to the rest of their academic science lives.


My goal is simple: to have students quickly immersed in scientific learning, emphasize the need for learning scientific skills, to be able to carry out investigations. While many of the classic scientific tools are not used in this unit, I hope that by exposing students to a wide array of scientific tools and tests will help break down their effective filters regarding scientific investigations. This curriculum also integrates sentence frames for academic oral language development and all labs are in Cornell Notes format.


Connection to RET I


My RETI research project placed me with Joanna Deek, a doctoral candidate working in the Materials Research Laboratory. Joanna’s research involves examining specialized protein networks in nervous tissue, and trying to manipulate those networks by introducing various chemicals and solutions.


A bulk of the time I spent in her lab (more than 4 weeks) was running a series of processes to purify the needed proteins from all the other tissues that are found in bovine spines. The whole process was very trying for me personally, as I tried to understand the need for each step of the process and what the big picture of her research was. Every week, during the RET I support meetings, I thought I had an explanation of what her research was about, only to find that I didn’t actually understand what the end goal of her research was until the end of week 5 out of our 6 week program.


I was originally planning to apply skills and techniques learned during the RET I program mainly to my Life Science classes, but I have learned that my teaching assignment has changed to being a primarily 6th grade teacher. While the content of my RET II project is quite different from my RET I research, I wanted my students to feel the satisfaction of learning a new skill, understanding that skill, and then being able to apply that skill independently.

Innovation and Justification


This project will give 6th grade Earth Science students a strong initial dose of science curriculum in their first few weeks of school. I want the students to be used to asking questions in scientific investigations as well as writing to explain their thoughts and rationales. The science department at my school tends to follow the textbooks very closely, so I designed these labs to fit in with the first quarter’s existing curriculum. These labs for the most part are also dirt cheap (pardon the pun): they make use of glassware most classrooms already have as well as common household chemicals. The only real costs for this lab are in the form of the soil testing kits.


The innovation of this unit comes from asking the students to really think of themselves as soil scientists. Roles in place, they will be responsible for determining the accuracy of “home” soil tests compared to a more scientific approach. As an exciting end to this unit, the students will will also be asked to use their knowledge gained through these labs to identify a “thief” from soil samples left at a crime scene.

Unit Plan

Unit Title: Soil Composition

Focus Area: Earth Science (with applications to Environmental Science)

Subject and Grade: 6th Grade Earth Science

Duration: 6 short labs with a one week long applied science activity.

Necessary Equipment and Materials

· Beakers

· Test Tubes

· Test Tube Stoppers

· Metric Rules

· Droppers

· Masking Tape

· Polyurethane Spray (from a hardware store)

· Stopwatches

· Electronic Scales (3 beam balances will work)

· Cupcake liners (paper or foil)

· Hydrogen Peroxide

· White Distilled Vinegar

· Baking Soda

· Soil Testing Kits (I used Luster Leaf, $15 from Amazon.com)

· Wire Mesh

Aligned Standards: 6th Grade Earth Science

5. Organisms in ecosystems exchange energy and nutrients among themselves and with the environment. As a basis for understanding this concept:

e. Students know the number and types of organisms an ecosystem can support depends on the resources available and on abiotic factors, such as quantities of light and water, a range of temperatures, and soil composition.

6. Sources of energy and materials differ in amounts, distribution, usefulness, and the time required for their formation. As a basis for understanding this concept:

b. Students know different natural energy and material resources, including air, soil, rocks, minerals, petroleum, fresh water, wildlife, and forests, and know how to classify them as renewable or nonrenewable.

7. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other three strands, students should develop their own questions and perform investigations. Students will: 

a. Develop a hypothesis. 

b. Select and use appropriate tools and technology (including calculators, computers, balances, spring scales, microscopes, and binoculars) to perform tests, collect data, and display data. 

d. Communicate the steps and results from an investigation in written reports and oral presentations. 

 e. Recognize whether evidence is consistent with a proposed explanation. 

Student Objectives:

At the end of this unit the students will be able to:

· Describe the uses and accuracy of a variety of soil tests.

· Combine data from soil tests to analyze soil composition.

· Compare and Contrast an unknown soil sample to previously studied samples.

Before Included Activities:


The first science activity I perform with my students is making a basic map of the school. While students are making the map, I also have the students collect soil samples from various part of the campus. The locations from which the samples were removed are all labeled on the maps, and the samples are labeled with their original locations.

Background Knowledge:


The soils I select for my labs are not necessarily scientifically selected for their different traits. The goal is to find 6 soils that are different enough from each other that at least one or two of the tests will show differences. I simply used three parameters to identify which soils would work best for these labs.

1) What is growing in that area? A barren piece of dirt should test very differently from areas with lots of plants. Try to select at least one barren area, one “unhealthy area” (I choose a brown patch of lawn), a healthy grassy area, and areas with different types of plants and trees. 

2) What is the color and consistency of the soil? Darker soils indicate more organic materials; lighter browns indicate less organic material. Feel the soils: does it feels gritty compared to other soft soils?

3) Is the area actively fertilized? Most lawns get fertilizer, and will test for soil nutrients differently from non fertilized soils. Compost is also a great sign that you could find different soils.

4) Does the area have large amounts of large organic material in the soil? Most of the organic material will float, making the settling tests not work as well. Try to pick only one soil like this, or use the subsoil that will have less of the big pieces.

If you are still worried about how different the soils are, then fake it. A little vinegar in one sample, a little extra sand in another, and you should be able to make the soils different enough for the purposes of these labs.

Soil Portfolio/ Class Data Sheet


In addition to completing each lab, students are expected to compile a group portfolio to feature the work of all the students in that lab group. Students should share their information in order to give all groups the results of all tests on all the varieties of soil.

Part 1: Soil Texture


Soil texture refers to the particle sizes in the soil. This lab uses two additional handouts for identifying soil texture. The first features what I call in the labs the “Hand Test (from the Virginia Extension Cooperative).” The second is the “Soil Texture Pyramid.” This part of the lab needs at least 12 hours of settling time before measurements are taken.

Part 2: Air Content


Air content reflects both how compacted the soil is as well as the ability for animals to survive in the soil. The first test involves using polyurethane spray to hold a clump of soil together while submerged. The air will work its way out of the clump and give a qualitative assessment of the air inside the soil clump. The settling test is very similar to the soil texture test and requires an overnight period to get final measurements.

Part 3: Soil Moisture


This lab is only one part, using an incubator to dry out the soil samples. If you have easy access to an oven, it would work even better…but I do not. Place the samples uncovered, inside the incubator overnight. Make sure the incubator is on its highest setting to try to evaporate off the water.

Part 4: Organic Material


The first test involves use a mesh to suspend a clump of soil in water. You want to make sure it is a couple of inches above the bottom of the beaker. I used a piece of ¼ inch wire fencing, cut and bent into appropriate sizes…the most important thing is that the clump will be able to disintegrate freely. The hydrogen peroxide test is slightly more quantitative and is the safest “scientific” measurement to use with 6th graders.

Part 5: pH


This is one of the easiest tests to “cheat” on to ensure interesting results. Right after the soil is collected, add some baking powder to one or two samples and some vinegar to some others. This set-up will ensure the students see reactions with both the home tests and with the testing capsules.

Part 6: Soil Nutrients


The results for these tests give numbers that reflect the relative amounts of these nutrients. If you do not have a way to get the testing kits, you could skip this lab. In its favor it tends to show the most differences between different soils.

Special Assignment

This portion is the final project of the soil labs. For this project, I share with the students a fabricated police report about an item stolen from the school’s principal. The only evidence left was a soil sample; eye witnesses placed suspects in the areas related to the previous soil samples. The students will need to test the unknown sample thoroughly enough to match it to the original sample (should be at least 3 tests).  Also I give students the added pressure of a time limit, so they will need not only to plan what tests they want to do, but also to plan those tests for the time permitted. The students will then compile their own lab report relating the materials, procedures and data for their tests.

Additional Resources:

http://www.kidsgardening.org/  - General Information on gardening

http://www.chemistryland.com/CHM107Lab/ - Great lab ideas designed for online degree program

http://www.rain.org/global-garden/soil-types-and-testing.htm
http://soils.usda.gov/ Starting place for most of the labs I refined.

http://www.stormwater.ucf.edu/toolkit/vol3/Contents/pdfs/Student%20Worksheets/erosioninbottle.pdf  - The next lab I am working on developing.
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