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STEM Curriculum Planning Guide 
  

This instructional design guide serves as the template for the design and development of STEM units of 
instruction at the Dayton Regional STEM Center in Dayton, Ohio. The guide is anchored to the STEM 
Education Quality Framework also developed at the Dayton Regional STEM Center.

STEM Unit Title Stop Stomping on Me

Economic Cluster
Agricultural Engineering 
Environmental Engineering

Targeted Grades 6 and 7

STEM Disciplines 
Science 
Technology 
Engineering 
Mathematics

Non-STEM  
Disciplines 

Language Arts

The electronic template is copyrighted to Dayton Regional STEM Center.  No permission has been granted for template reproduction.  However, lesson contents 
may be reproduced and attributed to Dayton Regional STEM Center free of charge.
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Section I: STEM Unit Overview

Unit Overview Student engineering teams assist a city that is building a new soccer field for the World Cup competition.  To protect 
the city's precious groundwater, the city requires a field that is as environmentally sustainable as possible, but also 
meets the needs of professional players.  Students are challenged to design the optimum layered soil arrangement 
(soil horizons) as the base of the field.  Teams must design a soil horizon system that is absorbent enough to 
withstand a given amount of rainfall without leaving behind standing water or contaminating the city's aquifer.  
Utilizing mathematical calculations and a variety of materials, teams construct and test their team soil horizon design 
for its ability to endure stipulated rainfall and compaction criteria.

Essential Question How can knowledge of the properties of natural materials be utilized for creating an optimal layered soil composition 
that withstands both weathering and compaction?

Enduring 
Understanding

Properties, behaviors, and characteristics of natural materials, as well as relevant volume and rate calculations are 
necessary for identifying the importance of soil composition in a soccer field. 

Engineering  
Design Challenge 

Students are challenged to design a soccer field bed as the base for the artificial turf on a soccer field. They must first 
research properties and materials used for the construction of soccer fields.  Students are given specific materials for 
porosity and permeability testing.  Following testing, teams develop a plan for effective layering methods of their 
proposed model.  Based on research and initial testing, they construct a prototype field bed for testing the effects of 
compaction on the properties of their soil layers as well as ways in which the soil's ability to effectively filtrate water is 
altered.  Next, students utilize the cyclical nature of the engineering design process to redesign their layering method. 
Finally, teams submit a design proposal, including cost analysis. 

Time and Activity 
Overview Day Time 

Allotment Actvities

1 60 minutes
Pre-Test 
Hook Video 
World Cup Brochures and Venn-Diagram

2 60 minutes
Presentation of Engineering Design Challenge 
Brainstorming 
Research 
Homework: Finish Research

3 60 minutes
Testing Individual Soils 
Exit Slip 
Homework: Individual Design Plan Ideas

4 60 minutes Presentation of Individual Design Plan Ideas 
Ideation/Planning Utilizing Decision Analysis Matrix

5 60 minutes
Creating and Testing Team Subsoil Design Plan 
Measure and Record Data 
Begin Redesign Planning

6 60 minutes Data Analysis 
Brainstorm and Form a Team Redesign Plan

7 60 minutes
Create and Test Team Subsoil Redesign 
Measure and Record Data 
Reflection 
Begin Cost Analysis

8 60 minutes Complete Cost Analysis 
Outline Written Proposals
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9 60 minutes Complete Written Proposal Final Draft 
Homework: Finish Final Draft if Necessary

10 60 minutes Self-Evaluation Based on Field Design Rubric 
Post-Test

Pre-requisite 
Knowledge & Skill

Math: 
• Calculate basic rates 
• Understanding of the concept of volume 
• Converting units in the metric system 
• Identifying three-dimensional shapes (cylinders and rectangular prisms) 
• Using litmus paper to measure pH 
 
English Language Arts: 
• Be able to recognize and apply various types of writing text(i.e. argument paper and informative/explanatory). 
• Be able to apply proper writing conventions (grammar). 
• Be able to utilize effective collaboration team skills. 
• Be able to demonstrate presentation skills (speaking, listening and, discussion). 
 
Science: 
• Be able to recognize that rocks and soil have definite physical properties / characteristics (color, texture, ability for  
  water to pass through soil, moisture content and soil composition). 
• Be able to identify that water is present in soil.  
• Be able to demonstrate the properties of water in various states (changes in the state of water are related to motion  
  of atoms). 
• Be able to explain how water can change the surface of Earth and how water is a factor in some weather-related  
  events (e.g., flooding, droughts).
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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 
Category 6

Domain Ratios and Proportional Relationships

Cluster Understand ratio concepts and use ratio reasoning to solve problems.

Standards

Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For 
example, “The ratio of wings to beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 
beak.” “For every vote candidate A received, candidate C received nearly three votes.” 
 
Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the context 
of a ratio relationship. For example, “This recipe has a ratio of 3 cups of flour to 4 cups of sugar, 
so there is 3/4 cup of flour for each cup of sugar.” “We paid $75 for 15 hamburgers, which is a rate of $5 per 
hamburger.” 
 
Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of 
equivalent ratios, tape diagrams, double number line diagrams, or equations. 

Add Standard Mathematics  

Grade/Conceptual 
Category 6

Domain Expressions and Equations

Cluster Apply and extend previous understandings of arithmetic to algebraic expressions.

Standards
Evaluate expressions at specific values of their variables. Include expressions that arise from formulas used in real-
world problems.  Perform arithmetic operations, including those involving whole number exponents, in the 
conventional order when there are no parentheses to specify a particular order (Order of Operations).  For example, 
use the formulas V = s3 and A = 6 s2 to find the volume and surface area of a cube with sides of length s = 1/2.
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Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Ratios and Proportional Relationships

Cluster Analyze proportional relationships and use them to solve real-world and mathematical problems.

Standards
Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities 
measured in like or different units. For example, if a person walks 1/2 mile in each 1/4 hour, compute the unit rate as 
the complex fraction 1/2/1/4 miles per hour, equivalently 2 miles per hour. 

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Number System

Cluster Apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide rational 
numbers.

Standards Solve real-world and mathematical problems involving the four operations with rational numbers.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Geometry

Cluster Solve real-life and mathematical problems involving angle measure, area, surface area, and volume.

Standards Solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional 
objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Geometry

Cluster Draw, construct, and describe geometrical figures and describe the relationships between them.

Standards Describe the two-dimensional figures that result from slicing three dimensional figures, as in plane sections of right 
rectangular prisms and right rectangular pyramids.
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Add Standard English Language Arts

Grade 6-8

Strand Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic Key Ideas and Details

Standard

1. Cite specific textual evidence to support analysis of primary and secondary sources. 
2. Determine the central ideas or information of a primary or secondary source; provide an accurate summary of the   
    source distinct from prior knowledge or opinions. 
3. Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing  
    technical tasks.

Add Standard English Language Arts

Grade 6-8

Strand Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic Craft and Structure

Standard 4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a 
    specific scientific or technical context relevant to grades 6–8 texts and topics.

Add Standard English Language Arts

Grade 6-8

Strand Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic Integration of Knowledge and Ideas

Standard
8. Distinguish among facts, reasoned judgment based on research findings, and speculation in a text. 
9. Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with  
    that gained from reading a text on the same topic.
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Add Standard English Language Arts

Grade 6-8

Strand Writing Standards for Literacy in History/Social Studies, Science, and Technical Subjects 6–12

Topic Text Types and Purposes

Standard

1. Write arguments focused on discipline-specific content. 
    a. Introduce claim(s) about a topic or issue, acknowledge and distinguish the claim(s) from alternate or opposing   
        claims, and organize the reasons and evidence logically. 
    b. Support claim(s) with logical reasoning and relevant, accurate data and evidence that demonstrate an  
        understanding of the topic or text, using credible sources. 
    c. Use words, phrases, and clauses to create cohesion and clarify the relationships among claim(s),  
        counterclaims, reasons, and evidence. 
    d. Establish and maintain a formal style. 
    e. Provide a concluding statement or section that follows from and supports the argument presented. 
 
2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments,  
    or technical processes. 
    a. Introduce a topic clearly, previewing what is to follow; organize ideas, concepts, and information into broader  
        categories as appropriate to achieving purpose; include formatting (e.g., headings), graphics (e.g., charts,  
        tables), and multimedia when useful to aiding comprehension. 
    b. Develop the topic with relevant, well-chosen facts, definitions, concrete details, quotations, or other information  
        and examples. 
    c. Use appropriate and varied transitions to create cohesion and clarify the relationships among ideas and  
        concepts. 
    d. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
    e. Establish and maintain a formal style and objective tone. 
    f. Provide a concluding statement or section that follows from and supports

Add Standard English Language Arts

Grade 6-8

Strand Writing Standards for Literacy in History/Social Studies, Science, and Technical Subjects 6–12

Topic Production and Distribution of Writing

Standard

4. Produce clear and coherent writing in which the development, organization, and style are appropriate to task,  
    purpose, and audience. 
5. With some guidance and support from peers and adults, develop and strengthen writing as needed by planning,  
    revising, editing, rewriting, or trying a new approach, focusing on how well purpose and audience have been  
    addressed.



Page 8 of 34Draft: Wednesday, August 13, 2014

Add Standard English Language Arts

Grade 6-8

Strand Writing Standards for Literacy in History/Social Studies, Science, and Technical Subjects 6–12

Topic Research to Build and Present Knowledge

Standard

7. Conduct short research projects to answer a question (including a self-generated question), drawing on several  
    sources and generating additional related, focused questions that allow for multiple avenues of exploration. 
8. Gather relevant information from multiple print and digital sources, using search terms effectively; assess the  
    credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while  
    avoiding plagiarism and following a standard format for citation. 
9. Draw evidence from informational texts to support analysis, reflection, and research.

Add Standard English Language Arts

Grade 6

Strand Speaking and Listening

Topic Comprehension and Collaboration

Standard

Engage effectively in a range of collaborative discussions (one-on-one, in teams, and teacher-led) with diverse 
partners on grade 6 topics, texts, and issues, building on others’ ideas and expressing their own clearly. 
 
a. Come to discussions prepared, having read or studied required material; explicitly draw on that preparation by  
    referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion. 
b. Follow rules for collegial discussions, set specific goals and deadlines, and define individual roles as needed. 
c. Pose and respond to specific questions with elaboration and detail by making comments that contribute to the  
    topic, text, or issue under discussion. 
d. Review the key ideas expressed and demonstrate understanding of multiple perspectives through reflection and  
    paraphrasing. 
 
Delineate a speaker’s argument and specific claims, distinguishing claims that are supported by reasons and 
evidence from claims that are not.
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Add Standard English Language Arts

Grade 7

Strand Speaking and Listening

Topic Comprehension and Collaboration

Standard

Engage effectively in a range of collaborative discussions (one-on-one, in teams, and teacher-led) with diverse 
partners on grade 7 topics, texts, and issues, building on others’ ideas and expressing their own clearly. 
a. Come to discussions prepared, having read or researched material under study; explicitly draw on that preparation 
    by referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion. 
b. Follow rules for collegial discussions, track progress toward specific goals and deadlines, and define individual  
    roles as needed. 
c. Pose questions that elicit elaboration and respond to others’ questions and comments with relevant observations  
    and ideas that bring the discussion back on topic as needed. 
d. Acknowledge new information expressed by others and, when warranted, modify their own views. 
 
Delineate a speaker’s argument and specific claims, evaluating the soundness of the reasoning and the relevance 
and sufficiency of the evidence.

Add Standard Social Studies

Grade

Theme

Strand (pk-8 
only)

Topic

Content Standard
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Add Standard Science

Grade 6

Theme Order and Organization

Topic Rocks, Minerals, and Soil

Content Standard

Soil is unconsolidated material that contains nutrient matter and weathered rock. 
 
Soil forms in layers known as horizons. Soil horizons can be distinguished from one another based on properties that 
can be measured. 
 
Content Elaboration: 
Soil sampling and testing must be used to investigate soil. Soil forms at different rates and has different measurable 
properties, depending on the environmental conditions. Properties in soil that are useful in soil identification include 
texture, color, composition, permeability and porosity. Uses of soil depend upon their properties. For example, some 
soils may be recommended for agriculture, while others may be used for brick making or creating a pond. 
 
Observing and identifying soil horizons are based upon understanding the different properties of soil and when the 
properties change. Soil sampling testing methods and equipment are included within this content statement. Soil 
maps (paper or digital) combined with geologic, aerial or topographic maps can assist in local identification of soil 
formations. A connection must be made to environmental conditions, types of bedrock and soil properties.
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Add Standard Science

Grade 7

Theme Order and Organization

Topic Cycles and Patterns of Earth and the Moon

Content Standard

The hydrologic cycle illustrates the changing states of water as it moves through the lithosphere, biosphere, 
hydrosphere and atmosphere. 
 
The rate at which water flows through soil and rock is dependent upon the porosity and permeability of the soil or 
rock. 
 
Note: 
Contamination can occur within any step of the hydrologic cycle. Ground water is easily contaminated as pollution 
present in the soil or spilled on the ground surface moves into the ground water and impacts numerous water 
sources. 
 
Content Elaboration: 
The movement of water through the spheres of Earth is known as the hydrologic cycle. As water changes state and 
energy is transferred, it cycles from one sphere into another (e.g., water transfers from the hydrosphere to the 
atmosphere when evaporation occurs). Ground water and surface water quality are important components of the 
hydrologic cycle. The porosity and permeability of the rock and/or soil (grade 6) can affect the rate at which the water 
flows. The pattern of the cycling illustrates the relationship between water, energy and weather. 
 
The movement of water in the cycle also can move contamination through each of the spheres. Relating water flow 
to geographic and topographic landforms and/or features leads to an understanding of where water flows and how it 
moves through the different spheres. Topographic and aerial maps (can be virtual) can be used to identify drainage 
patterns and watersheds that contribute to the cycling of water. Lab investigations or technology can be used to 
simulate different segments of the hydrologic cycle.

Add Standard Science

Strand

Course Content

Content 
Elaboration
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Add Standard Fine Arts

Grade

Subject

Standard

Benchmark

Indicator

Add Standard Technology

Grade 6

Standard Technology and Society Interaction

Benchmark Assess the impact of technological products and systems.

Indicator Employ the use of measuring instruments to collect data.

Add Standard Technology

Grade 6

Standard Design

Benchmark Understand and apply research, innovation and invention to problem-solving.

Indicator Modify an existing product or system to improve it (e.g., something to improve storage in your locker).
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Add Standard Technology

Grade 7

Standard Nature of Technology

Benchmark Apply the core concepts of technology in a practical setting.

Indicator Infer that malfunctions of any part of a system may affect the function and quality of the system.

Add Standard Technology

Grade 7

Standard Technology and Society Interaction

Benchmark Assess the impact of technological products and systems.

Indicator Employ the use of instruments with different measuring standards to collect data (e.g., temperature, acidity—pH level, 
voltage, heart rate, speed).

Add Standard Technology

Grade 7

Standard Design

Benchmark Evaluate the aesthetic and functional components of a design and identify creative influences.

Indicator Apply a design process to solve a problem in the school (e.g., identify need, research problem, develop solutions, 
select best solution, build prototype, test and evaluate, communicate, and redesign).
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Assessment 
Plan

What evidence will show that students have acquired the enduring understandings 
for this STEM unit?

Performance Task, 
Projects  

 

Research 
Calculations 
Field Design Rubric 
Composition Proposal Rubric

Quizzes, Tests, Academic 
Prompts 

 

Pre-Test 
Post-Test

Other Evidence (e.g. 
observations, work 
samples, student artifacts, 
etc.) 

 

Cost Analysis 
Proposal 
Presentation (optional) 
Exit Slips

Student Self- Assessment 

 

Exit Slips 
Rubrics
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Technology 
Integration ADISC Technology Integration Model*

Type of Integration Application(s) in this STEM Unit

A

Technology tools and resources 
that support students and teachers 
in adjusting, adapting, or 
augmenting teaching and learning 
to meet the needs of individual 
learners or groups of learners.

PowerPoint

D

Technology tools and resources 
that support students and teachers 
in dealing effectively with data, 
including data management, 
manipulation, and display.

Digital Scale 
Calculators

I

Technology tools and resources 
that support students and teachers 
in conducting inquiry, including the 
effective use of Internet research 
methods.

Internet Research

S

Technology tools and resources 
that support students and teachers 
in simulating real world 
phenomena including the modeling 
of physical, social, economic, and 
mathematical relationships. 

Videos

C

Technology tools and resources 
that support students and teachers 
in communicating and 
collaborating including the 
effective use of multimedia tools 
and online collaboration.

Video Recorder

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute 
for Technology-Enhanced Learning at the University of Dayton



Page 16 of 34Draft: Wednesday, August 13, 2014

Career Connections Career Description

Civil Engineering –  
Students with an interest in professional sports might seek out civil 
engineering as a future profession.  Those in this engineering 
concentration have an opportunity to design future sports field facilities, 
figure out water drainage patterns, and perform research on next-
generation, grass-like polyethylene fibers which represent a large 
improvement over rigid, tough Astroturf.

Sports Engineering –  
This engineering concentration has some researchers utilizing wind 
tunnels and computational fluid dynamics to study the air flow patterns 
around golf balls, footballs, etc. to improve their performance.  Others 
utilize 3D motion capture equipment to determine body movement and 
force/pressure monitoring equipment to study the stresse applied to the 
human body and the sports surface.  Those in this field help produce 
sport equipment that, if successful in competition, can raise the profile 
and profitability of their employer tremendously and also help the USA 
bring home the gold!

Agronomy –  
Research agronomists often work in labs and depending on what they 
are researching, they may also perform large amounts of fieldwork.  Crop 
production and management jobs can vary widely depending on the type 
of crop and the size of the operation.  Agronomists most often work with 
field crops, such as cotton, wheat, corn, and soybeans.  They may 
manage things such as crop planting and harvesting, and implementing 
more efficient farming practices.  Other management jobs in agronomy 
included managing/management of  recreational facilities such as golf 
courses, sports fields, and turfgrass management.  These types of jobs 
often involve large amounts of time working outdoors. 
 
Agronomists involved in soil and water conservation are often scientists 
or engineers.  They may implement practices to control erosion, improve 
water quality, and manage stormwater runoff.  Environmental engineers 
as well as agricultural scientists are often involved in these areas of 
agronomy.  Depending on their specific duties, agronomists involved in 
conservation may spend large amounts of time in an office, outdoors, or 
both.

Research Scientist –  
Researchers at institutions such as those mentioned above advance the 
state of the art in turfgrass management and help train future generations 
of golf course and athletic facility management personnel. 
[The North Carolina State University Center for Turfgrass Environmental 
Research and Education (CENTRE), http://www.turffiles.ncsu.edu/]
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Section II: STEM Lesson Plan 

Title of Lesson Day 1

Time Required 60 minutes

Materials Appendix C: Teacher Advanced Preparation Instructions (for items needed beginning Day 3): 
Drill (1 per teacher) 
Drill Bit: 1/4 in. (1 per teacher) 
Drill Bit: 3/32 in. (1 per teacher) 
Circular Solid Disk: 4 in. diameter (1 per team)- 
    Suggestion: one piece of plywood: ¼ to ½ in. thick; cut circular with a 4 in. diameter  
Jigsaw or Router (if using plywood for circular solid disk: 1 per teacher) 
2-liter Bottles (4 per team) 
Water Bottles: 500 mL (1 per team) 
Brillo Pad: cut into a circle that fits into the 2-liter bottle; about 4.24 in. diameter (1 per team) 
 
Appendix A: Pre/Post Test  (1 per student) 
Appendix B: Pre/Post Test ANSWER KEY (1 per teachers) 
Appendix D: Brazil Brochure (1 per student) 
Appendix E: Russia Brochure (1 per student)  
Appendix F: World Cup Venn-Diagram (1 per student) 
Computer with Projection Capabilities (1 per class) 
Hook Video: "Poland - England Football Baywatch. Funny Polish Football Fans" (1m21s):  
    https://www.youtube.com/watch?v=cNY-53TtObE

Objectives Students will research and use a Venn-diagram to compare and contrast considerations necessary to construct a 
soccer field in particular climatic zones.

Instructional 
Process

1.  Administer the Pre-Test. 
2.  Create teams consisting of 4 students. 
3.  Instruct students to individually make list of observations & inferences while the following hook video is  
     played. Then, have them share their list with the team.  Hook Video: "Poland - England Football Baywatch.  
     Funny Polish Football Fans" (1m21s): https://www.youtube.com/watch?v=cNY-53TtObE 
4.  Give students about 3 minutes to share their list with the team.  Then, lead a class discussion regarding the  
     following: 
     -What happened to cause the soccer stadium to be filled with water? 
     -Do you think the structural design of the stadium played a part? 
     -What about construction of the playing field? 
     -What factors do you think are considered when deciding a location for a new stadium (i.e., weather/climate;  
       location–close to populated areas; environmental impacts on wildlife, etc.)? 
5.  Distribute the World Cup Venn-Diagrams and brochures regarding the 2 host countries of the World Cup:  
     Brazil (2014 and Russia (2018).  Allow time for students to read the brochures as a team, and compare and  
     contrast the host countries on the Venn-Diagram.  Lead them to consider the following:  
     -factors considered in the selection of these two countries   
     -weather conditions/climates similar and/or different  
     -importance of weather / climate when considering the World Cup location.
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Differentiation Utilize the Pre-Test as a formative assessment and guide for modifying results as a guide for modifying 
remainder of the unit based on students' prior knowledge and needs. 
Form teams based on interest inventories and/or ability levels. 
 
Highlight pertinent information in the brochures as necessary for particular student needs. 
 
Provide a venn-diagrams, containing some information. 
 

Assessments Pre-Test (formative assessment) 
 
Team and Class Discussions 
 
World Cup Venn-Diagram



Page 19 of 34Draft: Wednesday, August 13, 2014

Section II: STEM Lesson Plan 

Title of Lesson Day 2

Time Required 60 minutes

Materials Appendix G: Engineering Design Challenge (1 per student) 
Appendix H: Engineering Design Process (1 per student) 
Appendix I: Field Design Rubric (1 per student) 
Appendix J: Research: Soil, Water, and Growing Optimal Soccer Fields 
Large note pad paper (1 per class)

Objectives Students will display their knowledge of root zone composition and its importance relating to constructing natural 
grass fields on a graphic organizer, and research different soil components.   
 
Equipped with knowledge of the engineering design challenge, students will use a graphic organizer to 
independently conduct further research.

Instructional 
Process

1.  Provide a large sheet of note pad paper and instruct teams to brainstorm and record ideas regarding what  
     makes an athletic field functional and safe, and who constructs them and how. Have each team share with  
     the whole class. 
2.  Distribute the Engineering Design Challenge handout.  Explain and discuss its components/requirements.  
3.  If your students are not familiar with the Engineering Design Process, explain and discuss its components  
     and importance (it is to engineers what the scientific method is to scientists). 
4.  Distribute the Field Design Rubric for students to reference how they will be assessed. 
5.  Have teams use the remaining class time to begin their Research: Soil, Water, and Growing Optimal Soccer  
     Fields.   
6.  Homework: finish any Research: Soil, Water, and Growing Optimal Soccer Fields not completed in class.

Differentiation Scaffold and provide specific websites for research assignment.

Assessments Discussion 
Recorded Brainstorming Ideas 
Completed Research: Soil, Water, and Growing Optimal Soccer Fields graphic organizer 
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Section II: STEM Lesson Plan 

Title of Lesson Day 3

Time Required 60 minutes

Materials Appendix J: Team Roles (1 per team) 
Appendix L: Testing Individual Soils (1 per team) 
 
*Testing Station Materials (reused on Days 5, 6, and 7): 
Plastic Water Bottle: 500 mL (1 per team: prepared in advance-refer to Appendix C) 
2-Liter Bottles (2 per team: one with and one without holes; prepared in advance-refer to Appendix C) 
Circular Solid Disk: 4 in. diameter  (1 per team; prepared in advance-refer to Appendix C) 
Circular Brillo Pad (1 per team; prepared in advance-refer to Appendix C) 
pH Strips (2 per team) 
Graduated Cylinder (1 per team) 
Beaker: 500 mL (1 per team) 
Top Soil (1 large bag per class)  
Top Soil with Perlite (1 large bag per class)  
Top Soil with Fertilizer: can be made using 2 parts topsoil to 1 part Miracle-Gro Perlite (1 large bag per class)  
Peat Moss (1 large bag per class)  
Sand (1 large bag per class)  
Pebbles: Small (1 large bag per class) 
Permanent Marker (1 per team) 
Brick: standard size (1 per team) 
Rag or Towel (1 per team) 
Coffee Filter (1 per team) 
Stopwatch (1 per team) 
Ruler (1 per team) 
Digital Scale: set to grams (1 per class) 
Hair Dryer (Optional: 1 per teacher)

Objectives The students will test five different soils for porosity, effects on water's pH levels, compaction of the soil, and 
amount of sediment.  They will then employ use of the test results as a guide for creating their team field design.

Instructional 
Process

1.  Assign roles to each students, or allow time for teams to decide on roles for each team member. 
2.  Distribute a Testing Individual Soils sheet to each team, and direct tthem to gather around a “testing station”  
     as a team (setup prior to class start).  
3.  Assign each team of students one of the five different soils types to test (top soil, top soil with fertilizer, top  
     soil mixed with perlite, peat moss, and sand.) 
     Teacher Note: If there are more than 5 teams per class, then some soils will be tested by 2 teams. 
4.  Check for understanding and guide teams in completion of testing as needed. 
5.  Assign the Exit Slip question included on the Testing Individual Soils handout. 
6.  Homework: Individual design plan section of the Testing Individual Soils handout. 
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Differentiation Students may draw their idea for their subsoil.   
 
Provide a pre-made sketch for the student to name the type and depth of soil in each layer. 
 
Provide additional assistance with reading the directions on the handout; check for frequent understanding. 
 
Place pebble sand and 10 cm of soil in 2-liter bottle prior to class start to allow students more time to focus on 
the experiments.    
 
Read aloud and/or simplify directions to make it easier for various levels of readers. 
 

Assessments Recorded Data 
Exit Slip
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Section II: STEM Lesson Plan 

Title of Lesson Day 4

Time Required 60 minutes

Materials Appendix M: Decision Analysis Matrix (1 per team)  
Computer with Projection Capabilities (1 per class)

Objectives Students will employ use of decision analysis matrix, an engineering tool, to methodically choose their team's 
design plan for soil layering.

Instructional 
Process

1.  Distribute a Decision Analysis Matrix to each team and take a few minutes to demonstrate the difference  
     between constraints and attributes for their design.  
2.  Instruct students vet their design with the constraints list in order to see if their design is viable.  If it meets the 
     constraints, they will place their design into the matrix.  If it does not meet the constraints, they may change  
     parts of their design to meet the constraints.  
4.  Guide students in reviewing the challenge parameters and have them come up with the list of attributes for  
     their team's layering system, assign weights, and place in the decision analysis matrix.  
3.  Once attributes are assigned and weighted, have individuals place their name on the matrix.  Have each  
     student share and explain the design they created for homework with their team as they score it on the matrix.
     Explain that the scoring system will help their team decide on a final design.   
     Most times the design with the highest score will be used; however, sometimes it is best to add elements from 
     other designs in order to finalize the best design plan. 
5.  Have students submit their final design along with a materials request as an exit slip.  (The teacher may  
     provide requested materials, or require students to bring in desired materials from home)

Differentiation Scaffolding the decision analysis matrix as necessary for your particular students.

Assessments Individual Design Plan Homework 
Decision Analysis Matrix 
Final Team Design Plan
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Section II: STEM Lesson Plan 

Title of Lesson Day 5

Time Required 60 minutes

Materials Appendix N: Procedures for Creating and Testing Team Subsoil Designs (1 per team; reuse on Day 7) 
Appendix O: Subsoil Design Testing (1 per student) 
2-Liter Bottles (2 per team: one with and one without holes; prepared in advance-refer to Appendix C) 
      NOTE: 2-liter  bottle without the holes will be same same one used on Day 3.  It is up to the teacher if the  
      one with holes could be the same or a new  
3 oz. Cup (1 per team) 
6 oz. Cup (1 per team) 
pH Strips (2 per team) 
Water Bottle: 500 mL (1 per team: with hole in lid and bottom; prepared in advance-refer to Appendix C) 
Circular Solid Disk (1 per team: prepared in advance) 
Circular Brillo Pad (1 per team: prepared in advance) 
pH Strips (2 per team) 
Graduated Cylinder (1 per team) 
Beaker: 500 mL (1 per team) 
Top Soil (from Day 3)  
Top Soil with Perlite (from Day 3)  
Top Soil with Fertilizer (from Day 3)  
Peat Moss (from Day 3)  
Sand (from Day 3)  
Pebbles: small (from Day 3)  
Permanent Marker (1 per team) 
Brick: Standard Size (1 per team) 
Rag or Towel (1 per team) 
Coffee Filter (1 per team) 
Stopwatch (1 per team) 
Ruler (1 per team) 
Digital Scale: set to grams (1 per class) 
2” x 2” x 12” Wood Pieces: soil layering compaction tool (1 per team)

Objectives The students will test their team's soil composition for porosity and permeability, compaction, amount of 
sediment loss, and the water's pH level.  Teams will analyze testing results to make decisions about their field 
design. 

Instructional 
Process

1.  Distribute a Procedures for Creating and Testing Team Subsoil Designs sheet to each team and instruct them 
     to follow the procedures and record results as they create and test their team subsoil design. 
     Note: students will need to wait until the following day to determine the amount of compression and sediment. 
2.  Check for understanding and guide teams in completion of testing as needed. 
3.  Display each team's results and have them begin brainstorming ideas for a team redesign. of their soil  
     mixture.  Depending on available time, the redesign plan ideas can once again be completed individually and  
     scored on a decision analysis matrix, or completed more quickly through team collaboration.

Differentiation Students may draw their idea for their subsoil.   
 
Provide a pre-made sketch for the student to name the type and depth of soil in each layer. 
 
Provide additional assistance with reading the directions on the handout; check for frequent understanding. 
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Place pebble sand and 10 cm of soil in 2-liter bottle prior to class start to allow students more time to focus on 
the experiments.    
 
Read aloud and/or simplify directions to make it easier for various levels of readers. 
 
 

Assessments Recorded Data 
Redesign Plan
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Section II: STEM Lesson Plan 

Title of Lesson Day 6

Time Required 60 minutes

Materials  
Appendix N: Procedures for Creating and Testing Team Subsoil Designs (from Day 5) 
Appendix O: Subsoil Design Testing (from Day 5) 
Appendix P:  Subsoil Redesign Testing (1 per team) 
Ruler (1 per team) 
Digital Scale: set to grams (1 per class)

Objectives The students will use their collected data to redesign, sketch, and justify their subsoil design plan to maximize 
drainage, reduce sediment erosion/removal compaction,  and/or adjust the water's pH levels.

Instructional 
Process

1.  Allow time for teams to measure collected sediment and compaction of subsoil from the previous day, as  
     instructed in the Procedures for Creating and Testing Team Subsoil Designs.   
2.  Have each team post their results in the room for all to see. 
3.  Instruct teams to analyze their testing data and use the results as a guide for brainstorming methods to  
     improve their team's subsoil design. 
4.  Distribute a Subsoil Redesign Testing sheet to each team and have them sketch and explain a redesigned  
     soil layering plan.

Differentiation Require students to sketch their redesign and verbally explain/defend their choices. 

Assessments Redesign Sketch and Justification
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Section II: STEM Lesson Plan 

Title of Lesson Day: 7

Time Required 60 minutes

Materials Appendix I: Field Design Rubric (distributed on Day 1) 
Appendix N: Procedures for Testing Team Subsoil Designs (from Day 5) 
Appendix O: Subsoil Design Testing (from Day 5) 
Appendix P: Subsoil Redesign Testing  (from Day 6) 
Appendix Q: Cost Analysis (1 per student) 
Subsoil Design Materials (materials and setup same as in Day 5)

Objectives The students will test their redesigned soil composition for porosity, compaction, amount of sediment, and the 
water's pH level. 

Instructional 
Process

1.  Distribute Procedures for Testing Team Subsoil Designs and Subsoil Redesign Testing sheets to each team  
     and instruct them to again follow the procedures and record results as they create and test their redesigned  
     team subsoil.  
     Note: students will need to wait until the following day to determine the amount of compression and sediment. 
2.  Check for understanding and guide teams in completion of testing as needed. 
3.  As teams complete the challenge, instruct them to complete the reflection on the last page of the Subsoil  
     Redesign Testing sheet.  Use the Field Design Rubric to score each team. 
4.  Distribute and explain the Cost Analysis sheet.   
5.  Instruct teams to begin performing a cost analysis for their team's designs.

Differentiation Provide additional assistance with reading the directions on the handout; check for frequent understanding. 
Assist with completed cost analysis of the first layer.

Assessments Collected Data 
Reflection 
Field Design Rubric 
Cost Analysis
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Section II: STEM Lesson Plan 

Title of Lesson Day 8

Time Required 60 minutes

Materials Appendix Q: Cost Analysis (from Day 7) 
Appendix R: Written Proposal Outline (1 per student) 
Appendix S: Written Proposal Rubric (1 per student)

Objectives Students will use a scaffold writing outline and collected data to write a formal proposal for a soccer stadium soil 
layer design.

Instructional 
Process

1.  Allow time for finishing the Cost Analysis began on Day 7. 
2.  Distribute and explain the Written Proposal Outline and Written Proposal Rubric sheets. 
3.  Allow time for students to begin work on their Written Proposal Outlines.

Differentiation Have students make a power point or visual aid for their proposal. 
Allow use of calculators for the cost analysis.

Assessments Cost Analysis 
Proposal Outline
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Section II: STEM Lesson Plan 

Title of Lesson Day 9

Time Required 60 minutes

Materials Appendix R: Written Proposal Outline (from Day 8) 
Appendix S: Written Proposal Rubric (from Day 8) 
Video Recorder (optional: for recorded proposals)

Objectives Students will use a scaffold writing outline and collected data to write a formal proposal for a soccer stadium soil 
layer design.

Instructional 
Process

1.  Have students finish their Written Proposals Outlines if necessary. 
2.  Allow the rest of class time for students to write a final Written Proposal. 
3.  Optional Extension:  If time allows, or students finish early, have them create a recorded presentation, which  
     justifies reasons for choosing their team's proposed design. 
4.  Homework: finish any part of the final Written Composition not completed in class.

Differentiation

Assessments Final Written Proposals scored on the Written Proposal Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Day 10

Time Required 60 minutes

Materials Appendix A: Pre/Post-Test (1 per student) 
Appendix B: Pre/Post-Test ANSWER KEY (1 per student) 
Appendix I: Field Design Rubric (1 per student)

Objectives Students will provide evidence of knowledge gained throughout the unit by completing a final post-test.

Instructional 
Process

1.  Instruct students to evaluate their team's overall performance throughout the challenge on the Field Design  
     Rubric. 
2.  Administer Post-Test.

Differentiation

Assessments Self Evaluation on the Field Design Rubric 
Post-Test
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Appendix A: Pre/Post-Test 
Appendix B: Pre/Post Test ANSWER KEY 
Appendix C: Teacher Advanced Preparation Instructions 
Appendix D: Brazil Brochure  
Appendix E: Russia Brochure 
Appendix F: World Cup Venn-Diagram 
Appendix G: Engineering Design Challenge 
Appendix H: Engineering Design Process 
Appendix I: Field Design Rubric 
Appendix J: Research: Soil, Water, and Growing Optimal Soccer Fields  
Appendix K:  Team Roles 
Appendix L: Testing Individual Soils 
Appendix M: Decision Analysis Matrix 
Appendix N: Procedures for Creating and Testing Team Subsoil Designs 
Appendix O: Subsoil Design Testing 
Appendix P:  Subsoil Redesign Testing  
Appendix Q: Cost Analysis 
Appendix R: Written Proposal Outline 
Appendix S: Written Proposal Rubric 
 
Drill (1 per teacher) 
Drill Bit: 1/4 in. (1 per teacher) 
Drill Bit: 3/32 in. (1 per teacher) 
Jigsaw or Router (if using plywood for circular solid shape: 1 per teacher) 
2-Liter Bottles (4 per team) 
Plastic Water Bottle: 500 mL (1 per team) 
Brillo Pad: cut into a circle to fit into 2-liter bottle; about 4.24 in. diameter (1 per team) 
Circular Solid Disk: 4 in. diameter (1 per team)- 
     Suggestion: one piece of plywood: ¼ to ½ in. thick; cut circular with a 4 in. diameter  
Sheet of Plywood (1 sheet per class: if using for Circular Solid Disk) 
2” x 2” x 12” Wood Pieces: soil layering compaction tool (1 per team) 
Coffee Filter (3 per team) 
Circular Brillo Pad (1 per team) 
pH Strips (6 pieces per team) 
Graduated Cylinder (1 per team) 
500 ml Beaker (1 per team) 
Topsoil (1 large bag per class) 
Topsoil with Vermiculite (1 large bag per class) 
Miracle-Gro Perlite fertilizer: small bag (1 per class) 
Sand (1 large bag per class) 
Pebbles: small (1 large bag per class) 
Peat Moss: small bag (1 per class) 
Permanent Marker (1 per team) 
Brick: standard size (1 per team) 
Stopwatch (1 per team) 
Ruler (1 per team) 
Digital Scale (1 per class) 
Rags or Paper towels (2 per team)

Key Vocabulary Attributes- a characteristic of an object 
 
Compaction- the consolidation of sediments resulting from the weight of overlying deposits 
 
Constraints-limitations or restrictions 
 
Decision Analysis Matrix- a chart comparing options and criteria that is designed to help identify an optimal 
solution 
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Erosion- the process by which the surface of the earth is worn away by the action of water, glaciers, winds, 
waves, etc. 
 
Filtration- passage through a filter or other material that prevents passage of certain molecules, particles, or 
substances 
 
Groundwater- water that collects or flows beneath the Earth's surface, filling the porous spaces in soil, sediment, 
and rocks; groundwater originates from rain and from melting snow and ice and is the source of water for  
aquifers, springs, and wells 
 
Hydrosphere- the waters of the earth's surface as distinguished from those of the lithosphere and the 
atmosphere 
 
Infiltration- the process in which a fluid passes into the pores of a solid; permeate 
 
Lithosphere- the outer part of the earth, consisting of the crust and upper mantle, approximately 100 km (62 mi.) 
thick 
 
Permeability- the rate of flow of a liquid or gas through a porous material 
 
Porosity- the ratio of the volume of all the pores in a material to the volume of the whole 
 
Root Zone- soil in which grass roots grow; generally 8-12 inches under turf 
 
Soil- the top layer of the earth's surface, consisting of rock and mineral particles mixed with organic matter 
 
Soil Additives- materials that improve a soil's physical condition, i.e. wetting agents, soil conditioners, etc. 
 
Soil horizons- a specific layer or stratum of soil or subsoil in a vertical cross section of land

Technical Brief Bedrock 
Solid rock that underlies a region. Bedrock may be at the surface, ranging to hundreds of feet below the surface 
depending on local soil development, climate, and geological history.  
 
Field (see Pitch) 
General name given to the playing area. 
 
FIFA 
The Fédération Internationale de Football Association (FIFA) is an association governed by Swiss law founded in 
1904 and based in Zurich. It has 208 member associations (from 208 countries) and its goal, enshrined in its 
Statutes, is the constant improvement of football. FIFA employs some 310 people from over 35 nations and is 
composed of a Congress (legislative body), Executive Committee (executive body), General Secretariat 
(administrative body) and committees (assisting the Executive Committee). 
 
Football 
The name most commonly used for soccer outside of the United States. 
Association football, commonly known as football or soccer, is a sport played between two teams of eleven 
players with a spherical ball. At the turn of the 21st century, the game was played by over 250 million players in 
over 200 countries, making it the world's most popular sport. The game is played on a rectangular field of grass 
or green artificial turf, with a goal in the middle of each of the short ends. The object of the game is to score by 
driving the ball into the opposing goal. FIFA is the highest governing body. 
Association football is known as "football" in the majority of countries where English is an official language, such 
as the United Kingdom, the Commonwealth Caribbean (including Trinidad and Tobago, Jamaica and others), 
Malta, India, Nigeria, Cameroon, Pakistan, Liberia, Singapore, Hong Kong and others, stretching over many 
regions including parts of Europe, Asia, Africa, the Caribbean and Central America. In many of these countries, 
the term "soccer" is also widely used. For example, several official publications of the English Football 
Association have the word "soccer" in the title, and two popular British television shows about the sport are Sky 
Sports' Soccer Saturday and Soccer AM (both broadcast on Sky TV, an American owned corporation). 
In the United States, American football is the most dominant code of football in the country and the word football 
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in the U.S. is used to refer to that sport. Association football is most commonly referred to as soccer, although 
the word fútbol is gaining some prominence through its usage by America's Spanish-speaking community. 
 
Pitch (or Field)  
General name given to the playing area. “Field” is also used for this.  
 
Soccer  
Used in the United States for the game known as Football (rarely called Association Football) in much of the 
remainder of the English speaking world. 
 
Soil  
The unconsolidated or loose covering of fine rock particles that covers the surface of the earth. Soil consists of 
layers (soil horizons) that are primarily composed of minerals which differ from their parent materials in their 
texture, structure, consistency, color, chemical, biological and other characteristics. Soil is the end product of the 
influence of the climate (temperature, precipitation), relief (slope), organisms (flora and fauna), parent materials 
(original minerals), and time. In engineering, soil is referred to as regolith, or loose rock material: this is the 'drift 
deposit' (i.e., unconsolidated) lying on top of the 'solid geology' (i.e., bedrock).  
However, in horticulture, the term 'soil' is defined as the humic layer of topsoil, or the depth of regolith containing 
organic material that influences and has been influenced by plant roots and may range in depth from centimetres 
to many metres. Expressions such as lunar soil or Martian soil are commonly used for extraterrestrial regolith, 
even though there is no known biological component.  
  
  
A section showing soil to bedrock: 
A represents soil; B represents laterite, a regolith;  
C represents saprolite, a less-weathered regolith;  
the bottommost layer represents bedrock 
 
Turf 
The topmost layer of the pitch/playing surface.  
This may be natural (soil and grass) in place; natural and brought from elsewhere (where it may have been 
specially cultivated, then cut, rolled, transported, and laid – aka sod); or artificial.

Safety and 
Disposal

Dispose of topsoil with fertilizer as directed on the bag.  
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