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Data Day
A Daylong Introduction to Data and Data Analytics

	Teacher:  James Stallings and Monica Minor

	Date:

	Subject  / grade level: 9th Computer Science

	Key Words: Data, Data Analytics, Machine Learning, Computer Science, Java, Image Procession, Training

	Materials: Computer, Access to Google Colaboratory (attached file), Kaggle, Data Files (attached), Desmos Account, Internet Access, Materials for green roof activity

Optional: Drone for gathering images

	Prerequisite Knowledge:
· Familiarity with graphing
· Very basic understanding of machine learning
· Familiarity with Java programming language

	Lesson Overview:
This group of lessons is designed to do over a full day or can be spread out over a week as a type of “data bootcamp”.  Students will work through a variety of lessons that introduce them to different types of data, how it is used in practical applications, and advanced topics like machine learning.  THe students will get hands on experience in both data collection and data analytics while also creating a solid foundation of knowledge that they can use in the future.  The group of lessons is a combination of to modules created as part of the ARDATA progam and the original units can be found here and here.  The lessons have been paired down from their originals in order to fit within a single day (or a weeks worth of 50 minute periods) and some of the extras such as collecting data using a drone have been removed for the sake of time.

	Arkansas State Standards

Next Gen Science Standards
· HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
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)
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


	Lesson objective(s):
· The student will be able to explain that data is not limited to numbers.
· The student will be able to create a basic training set for a machine learning model using locally gathered images.
· 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

· Much of this lesson is about engaging the students.  The initial hook is having the kids think about facial recognition in the real world, for example how computers learn how to recognize individuals.  Moving through the rest of the lesson  the students use real world data, NFL football statistics (or data that a teacher knows is relevant to students)  to visualize and analyze.  The students continue to use critical thinking skills to simulate training a model.  The lesson has multiple hands-on elements that engage students and finishes with a trained model that can be used in the real world.
· Examples of engagement from the lesson:
· Pull in fun and unique examples of machine learning from the real world
· Crash course video
· Think pair share discussion
· NFL  stats data activity
· Train your classmates activity
· 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

· Similar to the engagement piece, the lesson is very hands on.  Students will visualize and analyze relevant data on day two, they will create a sample training set and algorithm for their classmates on day three and they will eventually create a real machine learning training and validation set and use that to train a machine learning model.  One thing that sets this apart from many lessons is that the students truly are given the opportunity to explore and discover on their own.  The teacher is envisioned to play more of a facilitator role day three and beyond.  They guide the students by providing helpful suggestions and pointing them in the correct direction but the students are tasked with solving a problem  with multiple correct answers.  The only “wrong “ answer is not putting forth the effort
· NFL stats  activity
· Train your classmate activity 
· Gathering data
· Classifying the data
· 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.


	EXPLANATION

· This module assumes that students have basic understanding of what data is.  In the appendix we have included an intro that encourages that introduces data to students but it might not be sufficient for students with no experience.
· Lessons 1-3 focus on using data to explore machine learning.  With lessons one and two being the big explanation days.  Day one goes over the basics of machine learning through a crash course computer science video, vocabulary work, and class discussion.  Day two deals with data and approaches it in a similar manner.  The students however are not given all of the information. In addition to the intro lessons they construct their own learning and understanding by working through tasks. Visualizing data, analyzing data, and creating mock machine learning sets and algorithms. This provides a much greater depth of understanding than a simple lecture. There is also targeted instruction on using Colaboratory and the imported machine learning model on day five.  The students don’t need to know how the model does what it does (that is a much higher level skill than 9th grade) but having a basic idea of the process is taught.  Lessons 4 and five take the students in another direction having them create an experiment by making a green roof and collecting data.  After sharing their data with their classmates the students then apply that data to create a green roof solution.  
· Sample discussion questions (see lesson walkthrough for more complete picture)
· Intro Day Questions
· What is Data
· How is Data used in Machine Learning?
· Focus on data and how it is used to train a model.
· Data Day Questions
· How did you decide what two variables to use? 
· What patterns do you see?
· Is there anything that surprises you about seeing the data visually?
· Is there a clear break in the data or dividing point in the data?
· How could the data be used?
· When selecting variables, what variables would you pick and why?  What type of variables, what are things that can be seen clearly and distinctly?
· Have them repeat the scatterplot exercise.
· What patterns do you see?
· Is there anything that surprises you about seeing the data visually?
· Is there a clear break in the data or dividing point in the data?
· Can you tell the difference between a good quarterback and a bad quarterback using just this data?
· Does this give the entire picture?
· What else would be helpful to know? 



	ELABORATION
· This lesson goes beyond a traditional lesson by having students actually use what they are learning.  As they explore data analyzation and visualization they create scatter plots and use the scatter plots to  make judgements based on their analysis.  When they learn machine learning, not only do the students create a sample machine learning training set and algorithm that they practice on their classmates with, they also train and validate a real machine learning model with data that they either gathered themselves or selected and labeled.  By interacting with the learning they gain a more sophisticated higher depth of knowledge level than a normal lesson.  The machine learning piece will give students exposure to cutting edge research in the field and show them ways that machine learning is used and can affect their lives.  For most of the students, this will be the first time that they have analyzed data and visualized it for any real purpose.  This will not only expose them to the world of data analytics but give them a base level of knowledge for moving forward and provide a positive experience.
· Sample Elaboration Activities
· NFL quarterback stats activity (day 2)
· Mock Machine learning  (day 3)
· Train a machine learning model  (day 4+)





	EVALUATION
· This is  a  project based lesson. Formative  assessments will be given daily in the form of exit tickets that are included in the lesson walkthrough.  The summative assessments for this lesson are the projects, the NFL stats data visualization piece, the mock machine learning model, and gathering data to train your own model activity.  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 Walkthrough
· Pre-Lesson Optional Activity:
· As the students walk in collect two sets of quantitative data (show size, height,age, birth month, etc.).
· Once you are set take them to a large space, a gym or football field will be perfect, but any space that is open will work. 
· Have them order themselves numerically by one set of data.
· i.e. If shoe size the smallest size to the largest
· That is the X axis
· You will do the same thing with the other variable but along the Y axis. 
· NOTE- when we did this we had to remind the students to stay in the same place on the x axis.
· Once everyone is set take a picture.  If you have a drone this is the perfect use for it.
· Come back project the picture and share it with them and ask the students to look for patterns.
· Day 1 What is machine learning:
· Welcome and get settled (5 minutes)
· Set day 1 (5 minutes): How would you teach a computer to recognize you?
· Use “think-pair-share” strategy or another structured student talk strategy with students.
· How do you teach yourself the difference between two people ie: mom and dad 
· Students will talk about “my dad has a beard, my mom has long hair”. 
· What about two different animals? What do you look for? Characteristics.
· How would you teach a computer to do that process?
· Can computers remember things like you do?
· Machine Learning Discussion (5 minutes)
· What is machine learning?
· How is it used?
· Can you think of anything that has machine learning that you use daily?
· Begin by watching the Crash Course Machine Learning Video (link) (5 minutes)
· Vocabulary to consider as you watch: 
· intelligence
· classification
· features
· data
· decision tree
· line of best fit
· decision boundaries 
· Discuss key concepts (5 Minutes)
· What is Data?
· How is data used in machine learning?
· Focus on data and how it is used to train a model.
Exit Ticket
· What is machine learning?
· What is data?
· If you did the intro activity pull the picture back up and have the students draw a line of best fit/decision boundaries.
Day 2 Data Day
· Direct students to this link (NFL QB Stats).  NOTE: This can be any large data set that is interesting and easily accessible.  
· Discuss what data is presented on the chart (completions, yards, touchdowns, interceptions etc)
· Have the students pick two variables and create a scatter plot using Desmos (You’ll need to sign in with your Google Account, then create a new graph. You will need to label your X and Y axises and change what part of the graph you want visible using the wrench tool in the top right corner, then you will create your table in the white space to the left.)
· Put 10 QBs on the graph.
· Discussion Questions:
· How did you decide what 2 variables to use? 
· What patterns do you see?
· Is there anything that surprises you about seeing the data visually?
· Is there a clear break in the data or dividing point in the data?
· How could the data be used?
· When selecting variables, what variables would you pick and why? What type of variables, what are things that can be seen clearly and distinctly?
· Using the same data set, have the students pick two different variables, one that is a positive QB trait one that is a negative.
· Have them repeat the scatterplot exercise.
· What patterns do you see?
· Is there anything that surprises you about seeing the data visually?
· Is there a clear break in the data or dividing point in the data?
· Can you tell the difference between a good QB and a bad QB using just this data?
· Does this give the entire picture?
· What else would be helpful to know? 
· Discuss classification in machine learning.
· Exit Ticket: How does graphing data make it more useful? 
Lesson 3 Let’s put it all together (this is a longer lesson)
-NOTE- The point of this activity is not necessarily success.  The point is to have students interact with data. Students should think about how data is and can be used, learn that data does not have to initially be numbers, and walk through the process of teaching someone else how to identify something.  Failure is an option as long as the students are working hard and trying to develop a system for someone else to use to interpret the given data set.  

· Place students in small groups and give each group an images of land (we suggest going to Google Earth and taking screenshots of the satellite layer in your local area), with some water and some land.  The students’ task is to train another group how to identify if there is water in the image.  The students must figure out a way to translate the images into numbers that can be graphed on a scatter plot (Teacher Note: RGB would be good ways to do this).  Give the kids some time to work this out but don’t let them flounder.  Have the students write out the directions for how they would identify water in an image.  Have them show you this piece.
· When the students struggle with how to figure out the characteristics send them to a website that will allow them to upload a picture and identify different colors (we suggest this https://imagecolorpicker.com/en).  Once there encourage them to look at the different colors that make up the picture, can they use two of the RGB channels for their graph? 
· 
· [bookmark: _jerpiokboxqu]EXTENSION:
· Once they have successfully completed the practice set the students will gather their own data.  Using their phones they will select something they want to classify, examples could be tables or desks, laptops or desktops, chairs vs stools, give them a lot of freedom here, when we wrote this lesson we had a drone in mind to allow the students to get more data that way.  They’ll go through the same process picking variables to graph and turning the data gathered into a scatterplot.  They’ll also write directions for a classmate to classify the data (this is like training a machine learning model).  If you have time we encourage you to allowthe groups to exchange training sets (the pictures) and instructions and have their classmates work through the process.
Questions to push students forward:
· What features allow you to recognize water?
· What colors can water be?
· Are colors always words?
· Can there be both land and water and if so what does that mean?
· How much  water makes water?
· Does it matter if it is a man-made body of water (damned lake/large stock pond, etc)


Debrief Questions (Use this as an exit ticket today):
· What worked and what didn’t?
· How did you  make the images graphable?
· What did you find difficult?
· What is the point of creating a system to identify _________(physical features, different types of moths, people)?
· How would something like this be useful in the real world?
· Could this be used to train a computer?




Overall Exit ticket:
· What is machine learning?
· How can machine learning be used in the real world?
· How can data be used in the real world




	Lesson 4
· 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? 

Lesson 5: 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?

[bookmark: _i3r7erp5ux7q]If time permits:
· We suggest finding community members and school officials and having a data panel. Give them the opportunity to share with students about their work, how they use data and the importance of it.  In our qualitative data this was one of the most impactful pieces of the lesson.


	Wrap up

· ARDATA Survey:  https://uark.qualtrics.com/jfe/form/SV_ehfl7l76M27zA1w
· Have the students do a quick write, talking about 





Initial data warmup
-Collect dominant hand
-Does this mean anything right now?
-What can we do with this data
-How does the 
-How can we use the technology we bought-drone and raspberry pi’s

