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COSMOS EDUCATIONAL TOOLKIT: Engineering/CS
W4: How are Other Communication Characteristics are affected by Data size?
	Grade/ Grade Band: 9-12
	Topic: Engineering/CS: Wireless Communication Technologies
	Lesson # 4 in a series of 4 lessons

	Brief Lesson Description:   
· Which wireless technologies work well with big or small files to send?  This lesson explores how different sizes of data affect transmission time, and different technologies will work better for certain types of data.  Students graph the data and use the conclusions to design for their wireless communications project.


	Specific Learning Outcomes: 
· SWBAT record and analyze data from different wireless technologies sending different file sizes with varying datarates.
· SWBAT design a wireless technology solution for a real-world project.




	Narrative / Background Information 

	Prior Student Knowledge Required: 
· What is the Electromagnetic spectrum? (W1)
· What is the frequency of an electromagnetic wave? (W2)
· How obstacles affect wireless signals (W3)

	NYS Science Learning Standards / NGSS:

· HS-PS4-1. Use mathematical representations to support a claim regarding relationships among the period, frequency, wavelength, and speed of waves traveling and transferring energy (amplitude, frequency) in various media.
· HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.
· 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.
· HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

	Science & Engineering Practices:

· Asking Questions and Defining Problems 
· Using Mathematics and Computational Thinking
· Constructing Explanations and Designing Solutions
· Engaging in Argument from Evidence
· Obtaining, Evaluating, and Communicating Information
	Disciplinary Core Ideas:

· PS4.C: Information Technologies and Instrumentation
· ETS1.A: Defining and Delimiting Engineering Problems
· ETS1.B: Developing Possible Solutions

	Cross-Cutting Concepts:

· Patterns
· Cause & Effect
· Interdependence of Science, Engineering and Technology
· Influence of Engineering, Technology, and Science and the Natural World

	Possible Preconceptions/Misconceptions: 
· “Bandwidth” is used synonymously with “Datarate” in a CS context, but very different in a EE context

	Materials Needed:
· Worksheets
	Tech Setup:
· Pair of Primary Nodes for each group
· Pair of PlutoSDRs for each group
· Pair of appropriate antennas for each group:
· BunnyEars (for 462 MHz)
· 900 MHz RPSMA
· (2.4 GHz - built-in?)
· 5 GHz RPSMA






	LESSON PLAN – 5-E Model 

	ENGAGE: “BUFFERING!”
· Prompt students with the following:
· “Under what circumstances do you have the most BUFFERING or LOADING problems from the internet?”
· Think-Pair-Share with groups.

	EXPLORE: “DATA SIZE ” ACTIVITY
· Each group of students is provided with a pair of COSMOS nodes
· Each group is divided into 2 subgroups (Transmitter Group & Receiver Group)
· Students should prepare table(s) to record data.
· The number of tables depends on the number of different technologies the class will emulate.
· Each table should include a column for the Independent Variable, File Size (bytes).
· Each table should include a column for the Dependent Variable, Transmission time (seconds).
· Both subgroups will use the COSMOS Toolkit.
· Both  must select the technology they will use for that table.
· The Transmitter Group will select which file size to send, and click “Transmit”.
· Once the data is received, both groups will record the time it took to transmit.
· (Additional information will be displayed, including datarate (bytes per second).  Students can also record that data for a deeper understanding of the concepts.)


	EXPLAIN: DATA ANALYSIS
· Students will make a graph for each table that they complete.
· “Describe the mathematical relationship you see between the file size and transmission time.”
· “How do the tables from one technology compare with each other?  Describe at least 2 observations.”
· Teacher can use student data to elicit the following key ideas:
· “As the file size increases, the transmission time decreases.”
· “There is an inverse relationship between file size and transmission time.”
· “Even though Bluetooth and 2.4GHz Wifi operate on the same frequency, Bluetooth is far inferior for large files.”
· “Lower frequency technologies are generally poorer at handling larger files.”
· Optional vocab:
· “Datarate”
· “Bandwidth”

	ELABORATE:
· Watch video/ Read article about 5G mmWave technology: https://www.androidauthority.com/what-is-5g-mmwave-933631/
· “Which types of applications might a mmWave frequency work very well for?”


	EVALUATE:  
· “How might the type of data you are trying to send be influenced by the expected obstacles in your path?”
· “Which technologies would be unsuitable for sending a large file like a video?  If true, why would anyone still choose to use that technology?”


	(ENRICHMENT:)
· Apply today’s insight to your group’s design project.  Which technologies might you consider to communicate wirelessly?  Explain in clear detail.
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