Urbanization and the Effects of Water Runoff
An introduction to Data Analytics and Storytelling using Water Runoff Data


	Teacher:  Monica Minor

	Date:

	Subject  / grade level: CS 9th grade

	Lesson overview:
This lesson will allow students to discuss when floods occur based on two variables of river level data. They will then use this experience to research, analyze, and visualize population data and how it affects the river levels of neighboring bodies of water. Students will utilize historically available data to tell the story of how population changes affect river levels. They will become familiar with graphing data as well as presenting/telling a “story” based on data found/collected. 

	Essential Standards and Clarifying Objectives:
NGSS
· MS-LS2-5: Evaluate competing design solutions for maintaining biodiversity and ecosystem services.
· Examples of ecosystem services could include water purification, nutrient recycling and prevention of soil erosion
Arkansas  Algebra 1 Standards
· HSS.ID.B.6 22: Represent data on two quantitative variables on a scatter plot, and describe how the variables are related
· Fit a function to the data; use functions fitted to data to solve problems in the context of the data
· Note: Use given functions or choose a function suggested by the context. Emphasize linear, quadratic, and exponential models. The focus of Algebra I should be on linear and exponential models while the focus of Algebra II is more on quadratic and exponential models.
· HSS.ID.A.1 21: Represent data with plots on the real number line (dot plots, histograms, and box plots)
· HSS.ID.A.2 21 Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range, standard deviation) of two or more different data sets
· HSS.ID.A.3 21: Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme data points (outliers)
· For example: Be able to explain the effects of extremes or outliers on the measures of center and spread.
· HSS.ID.B.5 22: Summarize categorical data for two categories in two-way frequency tables. Interpret relative frequencies in the context of the data (including joint, marginal, and conditional relative frequencies).Recognize possible associations and trends in the data
CCSS Mathematics
· MP.4: Model with mathematics
· 6.RP.A.3: Use ratio and rate reasoning to solve real-world and mathematical problems.
CCSS ELA/Literacy
· RST.6-8.8: ​​Distinguish among facts, reasoned judgment based on research findings, and speculation in a text. (MS-LS2-5)
· RI 8.8: Trace and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is relevant and sufficient to support the claims. (MS-LS2-5)
Arkansas Computer  Science  Standards
· CSPG.Y1.3.2: Define and discuss different examples of level appropriate quantitative and qualitative data
· CSPG.Y1.3.1: Define, store, access, and manipulate level appropriate data (e.g., primitive, linear)
· CSPG.Y1.3.4: Analyze, utilize, and visually represent level appropriate data
· CSPG.Y1.3.5: Perform level-appropriate data analysis using computing tools
· CSPG.Y1.7.2: Research advancing and emerging technologies (e.g., artificially intelligent agents, blockchain, extended reality, Internet of Things (IoT), machine learning, robotics)

	Lesson objective(s):
· The students will discuss and determine how data is used to create proactive solutions for rainwater runoff
· The students will analyze data and determine the accuracy of their graphs.
· The student will create a presentation using the data they’ve collected and graphed sharing their findings.
· The student will create a model of a green solution to a runoff problem in their community.

	ENGAGEMENT
· Students will determine how effective green roofs are as a proactive solution to water runoff and flooding by collecting data from an experiment with potted replicas of a standard rooftop and one with green spaces. 

	EXPLORATION
· Students will collect water levels and moisture data (using Pi Zeros and sensors) to determine how much flooding occurs in the back parking lot of the school. (For other schools, you will be able to determine a location that students have noticed significant flooding to use for data collection.) Collections should be taken during several different rain events.

	ELABORATION
· Students will create a prototype of a green solution for our school to harness the water runoff. 
· Future Link to Rubric for Student Work
· Describe how students will develop a more sophisticated understanding of the concept.
· What vocabulary will be introduced and how will it connect to students’ observations?
· How is this knowledge applied in our daily lives?

	EVALUATION
· This is  a  project based lesson. Formative assessments will be given daily in the form of exit tickets.  The summative assessments for this lesson are the projects.  Rubrics are provided for teachers to use as they see fit but in general if a student has completed  the task accurately and effectively they have demonstrated proficiency in the concept.  There is also a final survey  that  evaluates the engagement of the  lesson and asks the students to  reflect on and evaluate their own learning.

	Lesson Walk-through

Day 1
· Lesson Title: Green Areas and Urbanization
· Materials:
· 2 planters, 1 with greenery and 1 with just soil
· bricks/pavers that will fit at the top of the empty planter
· water (Can use different amounts, water hose, buckets, watering can)
· different containers to collect “runoff”
· Optional Equipment:
· Pi zero with moisture sensors
· Lesson:
· Hook: Where does water go in a garden? Where does water go in a city like New York with fewer “green” areas?
· Pose the above questions separately and have students either discuss with partners or groups or have them do a quick write about their thoughts. (Give them approximately 5-10 minutes depending on if they are writing.)
· Bring the class back together and watch this video, “Do cities need more green roofs?”
· Experiment/Activity:
· Provide Students with two boxes(anything that can sit up off the ground, drain, and hold sod or plants on top will work), a few bricks (any waterproof hard surface material will work), and a plant box with two holes drilled in the sides (sod would be ideal as long as you can spread out the soil and have living plant life this will work)*see attached picture*
· The students will build a “hard surface roof” and a green roof (Here is where you can place the Raspberry Pi moisture sensors on both in the collection tubs.) The students will use a ruler and mark measurements by millimeters.
· The students will pour equal amounts of water on each “roof” collecting data as they go. They will determine how much water stays  on the roof, how much is absorbed by  the green roof, and how much  water the roof sheds  into the collection buckets.
· They will then create charts and graphs to visualize the data and using those visualizations create a presentation that shows which is better at lessening the amount of runoff water.
· Teacher Facilitation Questions:
· How does water runoff change on each pot when you change the amount of water or speed at which the water falls?
· Does the water speed make a difference in the runoff?
· Is water runoff a bad thing? Why? Where does the runoff/flooding actually end up? 
· Could a green roof, or green spaces be considered a proactive solution to things like erosion or flooding.  Why or why not?
· What ways can you help reduce the amount of runoff? 

· Evaluation:
· What is the difference between a “fix” and a proactive solution?
· How can data be used to impact decisions in growing communities? 
Day 2: Find and Collect runoff data (near you)
· Lesson:
· Students will collect water levels and moisture data (using Pi Zeros and sensors) to determine how much flooding occurs in the back parking lot of the school. (For other schools, you will be able to determine a location that students have noticed significant flooding to use for data collection.) Collections should be taken during several different rain events.
· Factors to collect:
· Water Levels at different times (document the actual time too)
· Overall water level during the entire rain event
· Take the latitude and longitude of an anchor point and use that to determine the lat and long of the location where the measurements will be taken. 
· outside temperature
· After several different events have been collected, have students discuss the best charts/graphs to be used to display the data. Conversations to be had:
· How do you determine what graph is best?
· Does the audience matter when you are determining what graphs to use? 
· How do you use data to tell a story? Why is storytelling important when considering data collection and usage?
Day 3: Maker Challenge: Design your own Green Solution to Rainwater Runoff
· Main Lesson: 
· Introduction: “You and a team of students are tasked with designing a “green solutions” to collect and utilize water runoff. The hope behind this task is that it will reduce/eliminate flooding in the back parking lot at Southwest (you can pick any area at your school or at the student’s homes where water may pool). Consider the following: What items can you reuse/repurpose to create your solution? How will this conserve and utilize the water? What special features could you include that would add to the aesthetics of the school? How will this benefit the overall functionality of the space you’d use? Is this a proactive solution or just a fix? How will you collect data to prove your design is an actual solution to the runoff issue and how can you use that data to determine if your design is more or less efficient than another group’s work? 
· Each group will complete the following
· drawn/digital design of their solution
· scale prototype
· presentation to take to the administration to discuss how your design can and should be implemented
· Evaluation: Students would present their presentation to a panel of a teacher, student, admin
· Extension for CS
· Using this link explore ways that the EPA used data collection to create the report. How could you create a similar report for your green solution?


 






