Bits and Pieces: Introduction to Binary Place Value
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Activity Summary:
Binary numbers are the foundations of many everyday activities and items, especially in our technologically dominated society.  At the most basic level, everything a computer does is represented in zero’s and ones.  Every time you turn on a light switch, this is a binary action—off or on.  This activity is an inquiry based introduction to the concept of binary numbers, why they are important, how they are used, and how they relate to decimal numbers. It is followed with a  short activity to help learn the place values (powers of two) that are used when making binary numbers.  The lesson is adapted from the MATHmaniaCS website and is modified for use in a middle school setting.

Subject: 

· Math: Numbers and Operations, Connections, Representation. 

Grade Level: 

· Target Grade: 7 

· Upper Bound: 8 

· Lower Bound: 6 

Time Required: 30 minutes 

Activity Team/Group Size: individual 

Reusable Activity Cost Per Group [in dollars]: $5

Expendable Activity Cost Per Group [in dollars]: $5  
1. 4x6 Index Cards:  4 packs (these could be reused from year to year if necessary)
Authors: 
Graduate Fellow Name: Sarah Davis 
Teacher Mentor Name: Elaine Stallings 
Date Submitted: November 1, 2004
Date Last Edited: November 1, 2004
Activity Introduction / Motivation: 
One suggestion is, if available, to use an older garage door opener.  (Newer models don’t use switches.) In older models, the remote garage door openers were coded with a sequence of switches (on and off) that looked like mini light switches.  The opener in the garage also has the same code.  When the button was pushed on the garage door opener in the car, this code was sent through the air as a signal, like communication between walky-talkies.  Bringing a couple of old garage door openers to show the actual switches might be a good start.

A very fun way to motivate the students is to play the Binary Numbers Card Trick (offline version attached) with them, then wait until the end of the class to reveal the way the trick works. 

Additionally, discussing the use of binary numbers with computers might be interesting.  The bit is the lowest unit of data that a computer deals with.  At the lowest level all data is converted to a bit, which is either a 0 or 1. Any message, text, document, image, game is at the most basic level just a combination of 0’s and 1’s.

A final real world example, on the simplest level is a light switch.  It has two settings, off and on… electric flow or no electric flow.  That is the idea behind binary numbers and the use of binary in computers.  

Activity Plan:
1. Motivate the Activity with the Binary Numbers Card Trick.  Give a set of cards to each student in the class (for them to keep).  Tell them to pick a number but don’t say the number out loud.  Then tell the student to pull out only the cards that have their number on it.  When someone is ready, go to them and ask for only the cards with his or her number.  Quickly add up the first numbers on each card to get the number.  Tell the student their number and try another student.  The full explanation for this activity is given at the link above.

2. Use the discovery exercise found here (Text version attached).  This exercise is a ‘Socratic’ dialogue between the teacher and student and is intended to stimulate students to learn to count in binary.  It is also a good reinforcement on place value, which is very important in binary representation (and any other base system). It is suggested that you read through this script and find the questions appropriate for your class to get them going.  It might be helpful to keep the script close by in case a response comes up and you don’t know what to ask next.  (The dialogue took place between Rick Garlikov and a class of 3rd graders.) 

3. Now give each student a copy of the Binary Piano (offline version attached). Students will need to cut these out and fold as directed on the piano.

4. Binary to Decimal Conversion:  Call out binary numbers for the students to convert. If you are using this to supplement a lesson in the book, you may use the problems in the book.  If not, just make up a set of binary numbers for the students to convert. Students will fold up the flaps on the piano to display zeros and ones in the places that represent the number called.  Doing this will display the decimal number that need to be added in order to make the correct decimal number.  Have students add the numbers to get the decimal value.  11011 should show 16  +8  +0  +2  +1 to equal 27.  (If your students need to see the process as 1101 = (1 x 24) + (1 x 23) + (0 x 22) + (1 x 21) + (1 x 2 0) = 16  +8  +0  +2  +1 then use the attached Modified Binary Piano).

5. Repeat step 4 for all numbers in the set of binary numbers you wish for the students to convert to decimal.

6. Ask students to get their magic trick cards back out.  Tell them to look at the first numbers on each card.  Have them call the numbers out.  Ask if these numbers are familiar?  The students should see that these numbers are the same as the powers of two used on the Binary Piano.  Tell the students to pick out all the cards that have the number 13.  (This should be 1, 4 and 8).  Now have the students use the Binary Piano to show +8 +4 and +1.  What binary number is this?  01011 What decimal number is this? 13!  Repeat with a 25, 31 and 14 to help explain how the first numbers are added to make the selected number and that each number is only shown on a card that starts with a power of two used in the binary representation of the decimal number. 
Assessment: 
Students should now be able to write what decimal number/power of two is represented by each place value.  For assessment, students should be able to write any binary number as an addition problem involving powers of two (in decimal or exponent form) and then find the actual decimal number value of a given binary number.
Learning Objectives: 

· To understand the place value notation of binary numbers using the powers of two 
· To convert binary numbers to their decimal value equivalent 

Prerequisites for this Activity:
· Place Value 

· Exponents 

Background & Concepts for Teachers: 

The teacher must have an understanding of how binary numbers are interpreted.  The teacher does not need to be able to spit out binary number conversions quickly but should be able to do the process with his or her students. 

Vocabulary / Definitions: 

Binary: something made of or based on two things or parts 

Materials List: 

· Binary Magic Cards (one set per student)
· Binary Pianos (one set per student)
Activity Extensions: 
For converting from decimal to binary, see the MATHmaniaCS Binary Lesson.  This lesson uses index cards for converting binary to decimal and decimal to binary instead of the Binary Piano.  You may want to use the binary piano in order to save some preparation time of creating the index cards.  The goal with this concept is for the students to find the best strategy for converting to decimal.  This strategy is to select the largest power of 2 that is less than the given decimal number.  Then, subtract this from the number and find the largest power of 2 that is less than the difference.  Continue this process until the difference is 0.  
Example: Decimal Number 25
16 (24) ( 25-16 = 9

8 (23) ( 9-8 = 1

1 (20) ( 1-1 = 0
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Binary Number:
1
1
0
0
1

A variety of other worksheets and materials are provided on the MATHmaniaCS Binary Lesson page.  These activities include different manipulatives to count in binary and activities for the students to do with binary.  The MATHmaniaCS site also has other activities that use binary numbers such as the Text Compression Activity.  This is much more difficult but is a very ‘real’ idea that is used heavily in Computer Science.

Multimedia Support and Attachments:  

The following files have been put into one ZIP file called BinaryNumbers.zip

· Binary Magic Trick Cards (BinaryCardTrick.doc)

· Text Version of the Socratic Dialogue (SocraticDialogue.doc)
· Binary Piano (BinaryPiano.doc)

· Modified Binary Piano (ModifiedBinaryPiano.doc)

Activity Scaling:  

If more work is needed on the place value of binary numbers, see the full MATHmaniaCS Binary Lesson plan.  There is an activity using index cards that will reinforce the different powers of two and what the places are.  For more advanced students, do other bases such as 4 and 8.  Base 4 means four digits, 0-3.  So each place can only have a 0, 1, 2 or 3.  For example, 6 in base 8 is 12 = (1 x 41) + (2 x 40) = 4 + 2 = 6.   Base 8 means 8 digits, 0-7.  
References:
· MATHmaniaCS: http://www.mathmaniacs.org/lessons/
