Project SHINE / SPIRIT2.0 Lesson: 

How Much Data is That?
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Lesson Title:  How Much Data is That?

Draft Date: July 15th, 2010
1st Author (Writer): Tom J. Price

2nd Author (Editor/Resource Finder): 

Instructional Component Used: Exponential/Logarithmic functions

Grade Level: 7th and 8th Grade

Content (what is taught): 

· The total amount of information, in digital bits, that can be carried across various transmission lines

· A relation of that amount of information to something a student can “connect” with, like the number of telephone calls carried across various lines

· What exponential data looks like

· Representing the data transmission rate by using exponential graphs

Context (how it is taught):

· Students will research/calculate the amount of information that can be carried across various transmission lines.
· Students will graphically represent exponential data.
Activity Description:  Students will view a cross-sectional part of a typical optical fiber cable.  Discussion will then be centered on the amount of information that can be transferred via various transmission lines.  The students will research data transmission throughout history and collect data about how it has changed.  This data will be graphed (although it isn’t perfect) and used to look at the concept of exponential functions.
Standards:

Science: SE1, SF5
Technology: TA3

Engineering: EB1, EB4
Math: MA1, MD1 

Materials List: 

· Sample pieces of various electrical transmission cables (obtained via a local community college, telephone company, or power company)

Asking Questions: (How Much Data is That?)
Summary: Communication capabilities have grown exponentially during the last few decades.  Students will explore various ways that words/ideas have traveled across our country.  
Outline:
· Students will list various ways that information (data) travels from place to place.

· Students will discuss what technological advances made possible the rise in speed of our communication abilities.
· Students will discuss the notion of information growing exponentially.

Activity: The teacher will begin the topic of “Information Transfer” by asking students what are some ways that words/ideas are transferred across our country.  If possible, write these ideas on a timeline or in chronological order.  Also, list the amount of information that each method could carry.  After the discussion about information and technological advances, the teacher should bring up the phrase that “information is growing exponentially”.  What does this mean?  What is exponential?  Can you think of anything that could be exponential?  What does exponential data look like?  Some questions to guide the discussion are listed below.  
	Questions
	Answers

	What are some various ways in which information is transferred?
	Letters travel via the Post Office, sound waves travel through air, TV signals used to travel through air, telephone signals travel through wire (or wireless!), infrared signals for remotes, Bluetooth, etc.

	What was the total amount of information that could be carried at one time?


	Pony Express – a bag of letters
Telegram – one message, one-way at a time (had to wait for a response)

Telephone – one conversation, two ways at a time (back and forth)

Fiber Optic – an incredible amount of information very quickly!

	What advances have happened to make information flow faster?
	Pony Express (horses) gave way to electrical wires (telegram) then to telephone (wires) to fiber optics (cable) to wireless (microwaves).

	What are fiber optic cables?
	Fiber-optic lines are strands of optically pure glass (as thin as human hair) that carry digital information over long distances.
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Exploring Concepts: (How Much Data is That?)
Summary: The teacher will show various examples of electrical transmission lines (obtained from either a local power company or community college electronics department).  Among the possible transmission lines would be an ordinary telephone line, a T1 line, a DS3 line, and an OC48 line.

Outline:

· Students will be able to physically see the changes (via the examples) in electrical transmission lines as technology has improved.

· The concept of fiber optic cables will be explored through research.

Activity:  Students will be exposed to different forms of electrical transmission lines.  NOTE: These lines can be used to transfer data or electricity.  The class discussion should be directed toward the physical characteristics of each line.  Ask students: Which is better?  How much data can this line carry?  What do you think the strengths/weakness of each line are?

After discussing various ways that information is transferred in the above transmission lines, the “ultimate” carrier of information (fiber optic cables) can be explored.  An Internet search will be helpful to learn about fiber optics.  

Resources: 
· Wikipedia:  http://en.wikipedia.org/wiki/Optical_fiber
· How Stuff Works: http://communication.howstuffworks.com/fiber-optic-communications/fiber-optic.htm 

Instructing Concepts: (How Much Data is That?)
Exponential Functions

Putting Exponential functions in Recognizable terms: An exponential function is a function where the independent variable (x) is in the exponent of a base, with the base being a constant. 
Putting Exponential functions in Conceptual terms:  An exponential function is a function where the independent variable increases at a constant rate and the dependent variable increases or decreases at a proportional rate.  For instance take the ordered pairs (0, 1), (1, 2), (2, 4), and (3, 8).  The x (independent variable) increases by one and the y (dependant variable) is doubled (proportional rate).  This means that the graph is NOT linear.  It is a curve where the dependent variable changes faster as the independent variable increases.
Putting Exponential functions in Mathematical terms: Exponential functions can be modeled by the equation: 
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where a is the y-intercept of the graph, and b is the base.  The base has the following restrictions: 
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then the function is called decay and if the base is 
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 the function is called growth.  The domain of the function is all real numbers and the range is all numbers greater than zero.  This is a consequence of the base being positive and the variable in the exponent.  The x-axis is therefore a horizontal asymptote.

The inverse of an exponential function is called a logarithm.  To solve for a variable in the exponent you must use a logarithm.  

Putting Exponential functions in Process terms: Algebraic computation of exponential functions can be done using 
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.  Provide examples of calculating values from exponential functions given a, an appropriate base and several consecutive x values.  Be sure to have the base be 
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so both types (growth and decay) are illustrated.

Putting Exponential functions in Applicable terms:.  Exponential functions are an important modeling tool for many real world situations.  For instance, exponential functions have many applications: population growth, compound interest, bacteria growth, Newton’s Law of Cooling, radioactive decay, and numerous other applications.

Organizing Learning: (How Much Data is That?)
Summary:  Various electrical communication mediums carry different amounts of data.  Starting with one simple telephone line, students will calculate the increasing amount of data a certain communication line can handle.  Simple conversion factors will demonstrate to students why fiber optic cables are used for communication purposes.  Students will also graph the increasing amount of data that is being transmitted.

Outline:

· Students will use conversion factors to show the steps of increasing the capabilities along  typical transmission lines.

· In terms of one telephone conversation, students will explore the amount of data an electrical transmission line can handle all at once.

· Two graphs (amount of data and number of telephone calls) will be made to show the increase in data transmission.

Activity:  Students will research various electrical communication mediums that have been invented throughout history.  They will first have to create an order for the mediums by connecting the medium to the date it was invented.  Second, they will research how fast data can be transferred and what that means in terms of phone calls that can be transmitted.  Next, they will graph the data using excel or some other graphing utility.  Finally, a discussion will be conducted to describe what type of graph (function) could be used to model this data.  NOTE:  The data is not a perfect exponential match but an exponential model might be the best approximation there is.  For the student worksheet see attached file: M073-SHINE-How_Much_Data_Is_That-O-worksheet.doc

Resources:
· How Stuff Works:  http://computer.howstuffworks.com/question372.htm
· Wikipedia:  http://en.wikipedia.org/wiki/Digital_Signal_1
· Connectivity Issues and Alternatives:  http://fcit.usf.edu/distance/chap4.htm
Attachments: 

Student Worksheet:  M073-SHINE-How_Much_Data_Is_That-O-worksheet.doc
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Understanding Learning: (How Much Data is That?)
Summary:  Students will be assessed on their understanding of exponential functions.
Outline: 

· Formative assessment of exponential functions

· Summative assessment of exponential functions

Activity:  Students will be assessed on exponential functions by completing written and quiz-oriented assessments.
Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Do students know what kind of graph would be given by these numbers?  

a.  Linear

b. Quadratic

c. Exponential

2) Do students understand the growth that has occurred in communications in the last century? 

3) Do students know why power companies want to have powerful communication systems?

Summative Assessment
Students can answer using the following writing prompts:

1) It is often said that the rate of new information created is growing exponentially.  Describe what this means by relating it to what you know about exponential functions.  Use a written and graphical explanation.

2) Fiber Optic cables, according to one Wikipedia article, can carry 14 terabits of information per second.  How would that change your graph?   Would it still be exponential?  Why or why not?

Students can answer the following quiz questions:
1) Compound (continuously) interest grows exponentially.  One exponential model that can be used is 
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where A is the end amount, P is the starting amount, r is annual interest, and t is time in years.  Find the Amount of money that you would have if you deposit $2000 invested in an account paying 5% annual interest compounded continuously for 7 years.
2) The population of Somewhere, USA can be modeled by the function 
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where P is the end population, B is the beginning population and t is time in years.  If the population NOW is 5340 find the population 10 years ago.
Be also advised that new discoveries and new technologies are rapidly advancing the numbers as you are reading this lesson!
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