SPIRIT 2.0 Lesson:

Binary Bot
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Lesson Title:  Binary Bot

Draft Date: January 2010
1st Author (Writer): Lynn Spady

2nd Author (Editor/Resource Finder): 

Instructional Component Used: Patterns & Problem Solving

Grade Level: Upper Elementary, Middle School

Content (what is taught): 

· The meaning of base 10 and base 2 (binary) numbers

· The significance of binary numbers in reference to computers, robots, and programming

· How to write numbers in base 2 (binary)

Context (how it is taught):

· Introduce base 2 by using the analogy of light switches being in the on and/or off position.
· Practice writing numbers in base 2
· Move the robot for a specified amount of time and then read and translate the binary number displayed the LCD panel on the robot.

Activity Description:

Binary numbers can be intimidating at first, but the use of a model (light switches) will help students see a pattern that will translate to writing numbers in binary.  Students will learn the significance of binary numbers in reference to computers, robots, and programming.  This can be done by having students research binary numbers on the Internet.  Students will practice translating binary numbers by reading the LCD display on the robot.  The LCD will display the number of wheel revolutions in base 10 or binary.  Students will drive the robot for a specified amount of time and then record the number and its translation.  Students will use the data collected to make predictions about other times.

Standards:

Science: SE2
Technology: TC4
Engineering: ED4
Math: MA1, ME1
Materials List: 

CEENBoT with LCD that displays binary numbers for wheel revolutions

Computer with Internet access

Asking Questions (Binary Bot)
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Summary:  Students will use light switches on the wall to find out the possible way the switches can appear.
Outline: 
· Ask students how many possible ways one switch on the wall could look (off or on)

· Ask students how many possible ways two switches on the wall could look (see chart below)

· Ask students how many possible ways three switches on the wall could look (see chart below)

· Ask students if there is another way to tell how ‘x’ number of switches could look

Activity:  Point to a light switch on the wall and ask students all the possible ways the switch could look.  It should be very easy for them to tell that the switch can either be on or off.  Next, point to a double switch on the wall and ask the same question.  It should still be easy for them to tell the number of possible ways.  By the time you get to three switches, start a list on the board.  Next, guide students to try and find a pattern for finding the number of possible ways for additional switches.  Depending on the age of students, they should be able to understand at least one additional way of finding the possible ways the switches could look besides making a list.

	Questions
	Answers

	If I had 2 light switches, what are all the possible ways the switches could look?
	Both switches could be on, both switches could be off, the first switch could be on and the second switch off and vice-versa the first switch could be off and the second switch could be on.  There are a total of 4 possible ways for the switch to look.

	If I had 3 light switches, what are all the possible ways the switches could look?  4 switches?
	See chart below.

	Is there another way to find out how many possible ways the switches could look without making a list?  What if there were 10 switches?
	Other Way 1:  Students may notice there is a pattern.  One switch has 2 ways, two switches have 4 ways, three switches have 8 ways.  So, 10 switches would have 210 ways.  

	Other Way 2:  Another way of looking at is:  A switch can either be on or off so there are 2 possible ways for each switch.  Using the fundamental counting principle to explain 3 switches:  The fundamental counting principle states that “If there are 2 ways to do one thing, and 2 ways to do another, and 2 ways to do a third thing, and so on…, then the number of ways of doing all those things at once is 2 x 2 x 2 or 8 ways.
	Other Way 3:  This may also be an opportunity to introduce Pascal’s Triangle.

1  (row 0)
1  1  (row 1)

1  2  1  (row 2)
1  3  3  1  (row 3)
1  4  6  4  1  (row 4)
1  5  10  10  5  1  (row 5)
If you add the 3rd row, you get 8, which is the answer for 3 switches.
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Exploring Concepts (Binary Bot)

Summary:  Students will be given an introduction to writing numbers in base 2 or binary.
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Outline: 

· Go to http://www.theproblemsite.com/codes/binary.asp and 



read the basic explanation of binary code.

· Have students write their name in binary code.

· Write the numbers 1-20 in binary code.

· Talk about the significance of binary code in programming.

Activity:  Students will start by reading an introduction to binary code on a website.  Other websites can be found by typing in ‘binary’ or ‘binary code’ at www.google.com.  Students will then write their name and the numbers 1-20 in binary code (worksheet BinaryBot_E_WS.doc).  Finally, teach the students (or have them research) the significance of binary code in programming.
History:  Just as we speak to each other in English, Spanish, German, or any language for that matter, we also ‘speak’ to computers and robots in a language.  The only language the computer understands is called binary or Base 2.  Binary can be difficult for humans to read or write so intermediate languages have been developed that translate the binary for us…kind of like an interpreter.  The very first computer programmers had to enter binary codes themselves, which was difficult. 

Everything a computer or robot does is based on ones and zeroes!  It’s hard to imagine because computers and robots can do such complicated tasks.  How could all that work boil down to just ones and zeroes?  Well, it all has to do with tiny switches that are either turned off or on.  And, because computers and robots are able to ‘crunch’ numbers at amazing speeds, they can take the commands we give them and carry out the commands by breaking them down into ones and zeroes.

Attachments:  BinaryBot_E_WS.doc





Resources:  

Binary Numbers in 60 Seconds can be found at http://www.youtube.com/watch?v=qdFmSlFojIw&feature=related
How Stuff Works

http://computer.howstuffworks.com/bytes.htm
Instructing Concepts (Binary Bot)

Positional Number Systems (Binary, etc.)

Positional number systems use the same symbols for different orders of magnitude.  For instance our conventional system (decimal) uses powers of ten for each position: ones place, tens place, hundreds place, etc. 
History
Many different positional numbering systems have existed over time.  Most have become obsolete or have very specific higher mathematical uses.  The most common positional system in use today is the Hindu–Arabic numeral system  based on powers of ten (base 10).  With the advent of the technological age positional numbering systems like binary (base 2), octal (base 8), and hexadecimal (base 16) have become prevalent in computer/machine processes.
How they work
To see how other positional systems work it is important to understand the decimal system (base 10).  NOTE: In a base 10 system only the digits 0 – 9 are used.  In base 3 only the digits 0 – 3 are used, in base 2 (binary) only the digits 0 &1 are used, etc.  In decimal systems each decimal place is a base of 10. For example:
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In binary systems each place value represents a power of 2.  
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. Simplifying this gets us the more familiar number 
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In octal, the numerals in each place are multiplied by a power of the base, 8. For example:
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.  Simplifying this yield the more familiar number 
[image: image8.wmf]7

3

4

1

0

.  You can convert binary to octal by grouping the binary number into groups of 3 because 
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	Binary

	1

	011

	011

	110


	Octal

	1

	3

	3

	6



	
	By grouping binary into groups of 3 you can quickly find octal.  Take the far right column.  In binary it is 
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 for octal.  You simply do this for each grouping of 3 in binary.  


In hexadecimal, the numerals in each place are multiplied by a power of the base, 16. It uses sixteen distinct symbols, most often the symbols 0–9 to represent values zero to nine, and A, B, C, D, E, F to represent values ten to fifteen.  Like converting to octal you can convert binary to hexadecimal by putting the binary number into groups of 4 because 
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Applications
The base 10 (decimal) application is obvious because it is the commonly used system in place today. Binary is a system of 0s and 1s, off and on, or the presence of voltage or no voltage.  Binary is a system that works well with computers because computers use a switching process (off or on) to accomplish tasks.  Binary numbers can get long rather quickly so engineers and computer science people have started using octal and hexadecimal for computer applications as well.  These systems shorten binary by a factor of 3 or 4 respectively.  
Organizing Learning (Binary Bot)

Summary:  Students will drive the CEENBoT for a specified amount of time.  After stopping the bot, students will record the number of revolutions displayed on the LCD screen (in binary) and will then translate that number to a base 10 number.
Outline: 

· Drive the CEENBoT for a specified amount of time.

· Stop the bot and record the binary number displayed on the LCD screen.

· Convert the number displayed on the LCD screen to a base 10 number.

Activity:  Students will take turns driving the CEENBoT for a specified amount of time.  After stopping the robot, students will record the binary number displayed on the LCD screen (the chart below can be posted on a large piece of paper or on the board for recording).  Each student will be responsible for converting the binary number into a base 10 number.  After the chart has been completed, check the answers and then use the data to make predictions about times not listed.

	Time Driven
	Binary Number Displayed
	Base 10 Number

	EXAMPLE:  10 seconds
	10110
	22

	2 seconds
	
	

	20 seconds
	
	

	5 seconds
	
	

	11 seconds
	
	

	30 seconds
	
	

	12 seconds
	
	

	25 seconds
	
	



Understanding Learning (Binary Bot)

Summary: Students will answer short answer questions about the significance of binary code. Students will also convert binary numbers to base 10 numbers and vice versa.
Outline: 

· Formative assessment questions asked during the learning activity about binary numbers.

· Summative assessment short answer questions about binary numbers and their application to technology, engineering, and mathematics.

Activity: 

Formative Assessment

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

1) Do students understand place value for base 10 numbers?  For binary numbers?

2) Can students convert a number from binary to base 10 and vice versa?
Summative Assessment

Students will complete the following short answer questions about binary numbers.

1) What is the significance of binary numbers and computers?

2) What is the significance of binary numbers and robots?

3) Do programmers still program in binary code?

4) Explain how to convert the number 42 to binary.

5) Explain how to convert the binary number 10111 to base 10.

Project Option 1:  Write out directions in binary code for the students to follow.  For example, forward 101, right 111, forward 10, etc.  Students can translate the binary numbers to base 10 numbers.  Then, using the base 10 numbers as seconds (forward and back movements) and degrees (right and left movements), students can drive the robot following the program given.

Project Option 2:  Have students design a game that reviews binary numbers and involves the robot.

Project Option 3:  Students can measure components on the robot (wheel circumference, platform width, arm length, etc.) with a ruler and convert the measurements to binary.  
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________ ________ ________ ________ ________


  		    24 	         23              22              21              20


	               16              8               4               2                1





The number 20 would be written as 10100 in binary because 16 + 4 = 20.


The number 11 would be written as 01011 in binary because 8 + 2 + 1 = 11


Try writing the numbers 1-20 on the back of the worksheet in binary.











________ ________ ________ ________ ________


  		    24 	         23              22              21              20


	               16              8               4               2                1





The number 22 would be written as 10110 in binary because 16 + 4 + 2 = 22.
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