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I. Rationale
“Whole number computation- adding, subtracting, multiplying, and dividing – has always been a major topic in the elementary school curriculum” (Chapin & Johnston, 2006). Whole number computation is a rational skill that is used daily, it is the foundation for arithmetic, and it can help students make sense of mathematical relationships, and prepare them for later work in mathematics (Chapin & Johnston, 2006).   
Typically all American school children have been taught to use one standard procedure for solving each of the four basic operations of arithmetic (addition, subtraction, multiplication, and division). The standard algorithms such as regrouping, and long division are not the only way that students should be taught to solve arithmetic problems. Many other countries around the world teach their students a variety of procedures to solve arithmetic problems. Compared to the standard algorithms used by the United States, many of the alternative algorithms are more efficient and easier to learn. Today, alternative algorithms are slowly becoming part of the elementary mathematics curriculum, for example; the Everyday Mathematics Curriculum integrates alternative algorithms in their math curriculum. (Chapin & Johnston, 2006)
 Alternative algorithms differ from standard ones in their cognitive requirements. Learning a variety of alternative algorithms that focus on number sense will help children develop a better understanding of number and operations. In addition, students with different learning styles will benefit from having a variety of algorithms. Making sense of algorithms can be instructive for students because it will help them to figure out why certain procedures work, it leads them to insights about important ideas such as place value, and mathematical properties (Chapin & Johnston, 2006). Furthermore, making sense of algorithms will help develop students’ critical and creative thinking skills. “Students need to understand a variety of approaches to solving problems in order to choose the most appropriate method based on the numbers involved and the complexity of the procedure” (Chapin & Johnston, 2006).
National Council of Teachers of Mathematics (NCTM) Standards
Number and Operations 
· Understand the place-value structure of the base-ten number system and be able to represent and compare whole numbers and decimals

· Understand various meanings of multiplication and division

· Understand the effects of multiplying and dividing whole numbers

· Identify and use relationships between operations, such as division as the inverse of multiplication, to solve problems

· Understand and use properties of operations, such as the distributivity of multiplication over addition

· Develop fluency in adding, subtracting, multiplying, and dividing whole numbers

Problem Solving 

· Build new mathematical knowledge through problem solving 

· Solve problems that arise in mathematics and in other contexts 

· Apply and adapt a variety of appropriate strategies to solve problems 

· Monitor and reflect on the process of mathematical problem solving 

Reasoning and Proof 

· Recognize reasoning and proof as fundamental aspects of mathematics 
· Select and use various types of reasoning and methods of proof 
· Develop and evaluate mathematical arguments and proofs
· Make and investigate mathematical conjectures 
Communication

· Organize and consolidate their mathematical thinking through communication

· Communicate their mathematical thinking coherently and clearly to peers, teachers, and others

· Analyze and evaluate the mathematical thinking and strategies of others

· Use the language of mathematics to express mathematical ideas precisely

Connections 
· Recognize and use connections among mathematical ideas

· Understand how mathematical ideas interconnect and build on one another to produce a coherent whole

· Recognize and apply mathematics in contexts outside of mathematics. 

New York State Learning Standards
Mathematics, Science, and Technology (Elementary) 

Standard 1 – Mathematical Analysis 

Explore and solve problems generated from school, home, and community situations, using concrete objects or manipulative materials when possible

Standard 1- Engineering Design

Generate ideas for possible solutions, individually and through group activity; apply age-appropriate mathematics and science skills; evaluate the ideas and determine the best solution; and explain reasons for the choices

Standard 3- Mathematical Reasoning 

Justify their answers and solution processes

Standard 3- Number and Numeration 

Relate counting to grouping and to place-value

Standard 3- Operations 

Add, subtract, multiply, and divide whole numbers

Develop strategies for selecting the appropriate computational and operational method in problem-solving situations

Standard 5- Engineering Design 

Generate ideas for possible solutions, individually and through group activity; apply age-appropriate mathematics and science skills; evaluate the ideas and determine the best solution; and explain reasons for the choices

II. Unit Instructional Objectives

This unit will identify alternative algorithms for whole number computation—addition, subtraction, multiplication, and division. The alternative algorithms will help students grasp a better understanding of number sense and operations. In addition, students will have a wealth of strategies they can employ when they are going to solve addition, subtraction, multiplication, and division problems in the future. A variety of algorithms will give students with different learning styles options when problem solving. Children will become more motivated to solve problems when they have a variety of strategies to use instead of just following rote procedure.
 Furthermore, when children are asked to explain and discuss alternative algorithms with other children and the teacher, they will begin to internalize what the operations mean to themselves and to other students in the classroom. When students analyze and examine algorithms they will build on their established knowledge of math (Chapin & Johnston, 2006). Students will be encouraged to invent their own procedures for solving addition, subtraction, multiplication, and division problems. This will helps students develop their conceptual thinking. In addition, students will better grasp the concepts of place value and it will help them produce more accurate solutions. The students will be able to define the word algorithm in their own words. Students will begin to grasp an understanding of the associative, distributive, and commutative properties of mathematics. 
Students will be able to …. 

· Compare/Contrast algorithms

· Solve addition, subtraction, and multiplication problems using alternative algorithms

· Develop a better understanding of place value 
· Identify and use relationships between operations
· Select and use various types of reasoning and methods of proof 
· Develop and evaluate mathematical arguments and proofs
· Justify their answers and solution processes
· Monitor and reflect on the process of mathematical problem solving 
III. Lesson Plans

Lesson Plan # 1 

Teacher: Miss Czaplinski                                                                   Date: 

Grade Band: 3rd-5th grade                                                                 Estimated Time: 60 minutes

Topic:  Partial Sums algorithm 

Objectives: 

When students are solving addition problems using the Partial Sums algorithm they will focus on place value. In addition, they will apply their knowledge of the Partial Sums algorithm to a series of addition problems. 
Prerequisite Knowledge:
- Number Sense /Operations  

The Partial Sums algorithm is a two step process. This algorithm differs from the standard algorithm in which it requires students to look at the columns left to right, and not right to left. The children focus on one place value at a time. It is typically taught from the largest place value to the smallest place value. 

Example:                                                   3, 785

                                                         +            517

 Add the thousands place                         3,000                    (3,000 + 0)

 Add the hundredths place                        1,200                   (700 + 500)

 Add the tens place                                         90                    (80 + 10)

 Add the ones place                        +              12                    (5+7)

                                          Answer (        4,302             (3,000 +700 + 500 + 80+ 10+ 5+ 7)

Materials:

Pencil, Paper, Base 10 Blocks, Worksheet #1, Worksheet # 2
Procedures:

Anticipatory Set  

Students will be given a worksheet with 6 addition problems. (Worksheet 1) Once students have answered the 6 addition problems, they will be asked the following questions: 

Which addition problems were most difficult to complete?

Why were those addition problems most difficult to solve?

Is there a way we could avoid carrying? 
Would it be easier if we didn’t have to carry?

Developmental Activity 
Students will be divided up into groups of three or four students. Each group will be given 15-20 minutes to see if they can solve multi-digit addition problems without carrying. Then the students will meet back as a whole to discuss their findings. Following the class discussion of their findings, the teacher will show his or her students how to use the Partial Sums algorithm to solve addition problems. The teacher will then give students 16 addition problems to solve using the Partial Sums Algorithm. (Worksheet) To help students visualize this algorithm, the teacher may represent the addition problem using the Base-10 blocks to help student’s grasp the concept. Following the completion of the worksheet, the teacher will further discuss the importance of place value when solving addition problems using the Partial Sums algorithm. In addition, the class will compare and contrast the Partial Sums algorithm against the standard algorithm of addition that was taught in the beginning of the year. 
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they thought of the Partial Sums algorithm. Did they feel that it was an easier algorithm for solving addition problems or was it more difficult? Why or why not? 
Assessment: 

Informal assessment can be performed through observing students as they use the Partial Sums algorithm for solving addition problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 
Worksheet # 1

Name: _________________________________________ Date: _________________________
Find the sum.
   8 





        1 2

+ 5                                                                      +     8

   22




                   36




+ 77                                                                     +99

   146                                                                3,589
+244                                                              +5,784
Worksheet # 2 

Find the sum. 
	Name_______________________
	Date___________________


	

	 

	1.
752
+
464
2.
342
+
245
3.
849
+
617
4.
638
+
259
5.
695
+
493
6.
416
+
286
7.
329
+
530
8.
733
+
569
9.
342
+
528
10.
745
+
249
11.
858
+
598
12.
174
+
587
13.
253
+
479
14.
468
+
384
15.
509
+
787
16.
662
+
598



Lesson Plan # 2 

Teacher: Miss Czaplinski                                                                  Date: 

Grade Band: 3rd-5th grade                                                                Estimated Time: 40 minutes
Topic: Column Addition algorithm 

Objectives: 
The objective of this lesson is for children to focus on each individual column when adding.  In addition, students will apply their knowledge of the Column Addition algorithm when solving addition problems. 
Prerequisite Knowledge: 
-Number Sense/Operations
The Column Addition algorithm has children focus on each individual column. Each column is added separately. First you start in the ones column, and then move to the second column, and so on…  Regrouping is left until the end, so as to not confuse the students. 

        3,   7   8   5  

       +        5    1   7__

(Add each column separately)                   3     12   9   12

(Start in the ones column to regroup)       3     12  10    2         

(Regroup in the tens column)                    3     13     0    2

(Regroup in the hundreds column)           4       3     0     2

Answer (                                                  4, 302 

Materials: 
Pencil, Paper, Worksheet # 1, Whiteboard, Markers
Procedures: 

Anticipatory Set 

Students will be told that they will be learning a new method for solving addition problems. The teacher will solve two addition problems using the Column Addition algorithm. The teacher will ask students to observe his or her method, and see if they can figure out what is happening.

Developmental Activity 

The students will discuss what the teacher did, when she or he was using the Column Addition algorithm in solving the addition problems. The students will be handed a worksheet that has a variety of addition problems. The teacher will do a few more addition problems, using the Column Addition algorithm to solve. The teacher will continue to explain the steps as they are solving the addition problems together as a whole. Then the students will be asked to solve the remaining addition problems on the worksheet. Following the completion of the worksheet, the teacher will further discuss the importance of focusing at one column at a time when solving addition problems using the Column addition algorithm. In addition, the class will compare and contrast the Column algorithm against the standard algorithm that was taught in the beginning of the year and the Partial Sums algorithm.
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Column addition algorithm. Did they feel that it was an easier algorithm for solving addition problems or was it more difficult? Why or why not? 
Assessment: 

Informal assessment can be performed through observing students as they use the Column Addition algorithm for solving addition problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

Worksheet # 1 

Find the sum. 
	Name_______________________
	Date___________________


	

	

	1.
424
+
657
2.
982
+
863
3.
572
+
241
4.
270
+
406
5.
359
+
327
6.
824
+
137
7.
208
+
367
8.
138
+
595
9.
637
+
539
10.
526
+
474
11.
838
+
446
12.
674
+
352
13.
393
+
659
14.
826
+
396
15.
412
+
230
16.
762
+
467



Lesson Plan # 3 

Teacher: Miss Czaplinski                                                                   Date: 

Grade Band: 3rd-5th grade                                                                 Estimated Time: 40 minutes
Topic: Counting Up algorithm 

Objectives:
The students will be able to solve subtraction problems using the Counting up algorithm. 
Prerequisite Knowledge: 
-Number Sense /Operations 
The Counting Up algorithm to subtraction is a two step process. First you start in the ones column and count up from the smaller number (subtrahend) to the larger number (minuend).  This is done in each column moving from the ones column, then to the tens column and so on… 

                                             325

 -            58

                                               58                            + 2

                                               60                          + 40

                                             100                       + 200

                                             300                        +   20

                                             325                           +  5 

                                                                               267

Materials: 

Pencil, Paper, Whiteboard, Markers, Worksheet #1 
Procedures: 

Anticipatory Set 
Students will be told that they will be learning a new method for solving subtraction problems. The teacher will solve two subtraction problems using the Counting Up algorithm. The teacher will ask students to observe his or her method, and see if they can figure out what is happening.
Developmental Activity 
The students will discuss what the teacher did using the Counting Up algorithm in solving the subtraction problems. The students will be handed a worksheet that has a variety of subtraction problems. The teacher will do a few more subtraction problems, using the Counting Up algorithm to solve the problems. The teacher will be explaining the steps as they are solving the subtraction problems. Then the students will be asked to solve the remaining subtraction problems on the worksheet. Following the completion of the worksheet, the teacher will further discuss the Counting Up algorithm. In addition, the class will compare and contrast the Counting Up algorithm against the standard algorithm that was taught in the beginning of the year to solve subtraction problems.
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Partial Sums algorithm. Did they feel that it was an easier algorithm for solving addition problems or was it more difficult?
Assessment: 

Informal assessment can be performed through observing students as they use the Counting up algorithm for solving subtraction problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

Worksheet # 1

Find the difference. 
	Name_______________________
	Date___________________


	

	

	1.
72
-
46
2.
57
-
47
3.
85
-
51
4.
738
-
  75
5.
275
-
  89
6.
732
-
738
7.
924
-
791
8.
982
-
409
9.
537
-
884
10.
676
-
973
11.
333
-
743
12.
752
-
957
13.
748
-
919
14.
528
-
716
15.
597
537
16.
324
-
895



Lesson Plan # 4 

Teacher: Miss Czaplinski                                                                 Date: 

Grade Band: 3rd-5th grade                                                                Estimated Time: 40 minutes 
Topic: Partial Differences algorithm 

Objectives: 
Students will be able to identify the similarities that the Partial Differences algorithm has with the Partial Sums algorithm. Students will apply their knowledge of the Partial Differences algorithm when solving a series of subtraction problems. In addition, students will focus on place value. 
Prerequisite Knowledge:
-Number Sense/Operations  

The Partial Differences algorithm to subtraction is a two step process. Each column is operated on individually. The student will subtract from left to right. If the number is smaller on the bottom, the difference is added to the answer. If the number is larger on the bottom, the difference is subtracted from the answer. 






            5  2  8

                                                                    -  2   6  3

 Subtract the hundreds 

(500 - 200)                                                  3   0   0 

 Subtract the tens                                                                                  

(60 – 20)                                                 -       4    0                     (300- 40 = 260)

Subtract the ones 

(8-3)                                                                    + 5                     (260 + 5= 265)                          

Find the total (                               300 – 40 + 5 = 265












Materials: 
Pencil, Paper, Worksheet # 1, Worksheet # 2
Procedures: 

Anticipatory Set

Students will be given a worksheet with 6 subtraction problems. (Worksheet 1) Once students have answered the 6 subtraction problems, they will be asked the following questions: 

Which subtraction problems were most difficult to complete?

Why were those subtraction problems most difficult to solve?

Is there a way we could avoid borrowing? 

Would it be easier if we didn’t have to borrow?
Developmental Activity 
The teacher will demonstrate the Partial Differences algorithm for solving subtraction problems. The students will discuss what the teacher did using the Partial Differences algorithm in solving the subtraction problems. The students will be handed a worksheet that has a variety of subtraction problems. The teacher will do a few more subtraction problems, using the Partial Differences algorithm to solve the subtraction problems. The teacher will be explaining the steps as they are solving the subtraction problems. Then the students will be asked to solve the remaining subtraction problems on the worksheet. Following the completion of the worksheet, the teacher will further discuss the importance of place value when solving subtraction problems using the Partial Differences algorithm. In addition, the class will compare and contrast the Partial Differences algorithm against the Partial Sums algorithm for solving addition, and against the standard algorithm that was taught in the beginning of the year for solving subtraction and the Counting up algorithm. 
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Counting up algorithm. Did they feel that it was an easier algorithm for solving subtraction problems or was it more difficult?
Assessment: 

Informal assessment can be performed through observing students as they use the Partial Differences algorithm for solving subtraction problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms.
Worksheet # 1 
Find the difference. 
1.      4                                    2.  1 5                                3. 33  
  -      2                                       -     4                                   -10  

4.   55                                          5. 73                                 6.  114         
-     44                                          -   16                                        -97
Worksheet # 2 

Name: _______________________________________  Date: __________________________
Find the difference. 
	10
-5 



	55
-36 



	54
-23 



	45
-35 



	28
-1 





	


	7
-7 



	68
-32 



	39
-21 



	21
-11 



	62
-10 





	


	69
-44 



	18
-4 



	95
-75 



	87
-3 



	100
-61 





	


	16
-14 



	93
-24 



	38
-6 



	32
-12 



	39
-29 





Lesson Plan # 5 

Teacher: Miss Czaplinski                               
                        Date: 

Grade Band: 3rd-5th grade                             
                        Estimated Time: 40 minutes
Topic: Partial Products Multiplication Algorithm

Objectives:  
Students will learn that multiplication and addition go hand in hand. Students will demonstrate their ability to solve multiplication problems using the Partial Products Multiplication Algorithm. 
Prerequisite Knowledge: 

-Number Sense/Operations 

The Partial Products Multiplication Algorithm is similar to the Partial Sums Addition Algorithm.  The Partial Products Algorithm is a two step process. This algorithm differs from the standard algorithm in which it requires students to look at the columns left to right, and not right to left. The children focus on one place value at a time, moving from the hundredths column to the ones column. It is typically taught from the largest place value to the smallest place value.

                                                                  4   6   3

                                                             X             6 

400 x 6 =                                             2 , 4   0   0 

  60 x 6 =                                                  3   6   0

    6 x 3 =                                      +               1   8
                                                             2,  7   8   8

Materials: Pencil, Paper, Worksheet # 1, Worksheet # 2  
Procedures: 

Anticipatory Set

Students will be given a worksheet with 6 multiplication problems. (Worksheet 1) Once students have answered the 6 multiplication problems, they will be asked the following questions: 

Which multiplication problems were more difficult to complete?

Why were they more difficult to solve?

Is there a way we could avoid carrying? 

Would it be easier if we didn’t have to carry?
Developmental Activity
Students will be divided up into groups of three or four students. Each group will be given 15-20 minutes to see if they can solve multi-digit multiplication problems without carrying. Then the students will meet back as a whole to discuss their findings. Following the class discussion of their findings, the teacher will show his or her students how to use the Partial Products algorithm to solve the multiplication problems. The teacher will then give students 10 multiplication problems to solve using the Partial Products algorithm. (Worksheet) To help students visualize this algorithm, the teacher may represent the multiplication problem using the Base-10 blocks to aid the student’s understanding of the concept. Following the completion of the worksheet, the teacher will further discuss the importance of place value when solving multiplication problems using the Partial Products Algorithm. In addition, the class will compare and contrast the Partial Products algorithm against the standard algorithm that was taught in the beginning of the year and the Partial Sums algorithm for solving addition problems. 
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Partial Products algorithm. Did they feel that it was an easier algorithm for solving multiplication problems or more difficult?
Assessment: 
Informal assessment can be performed through observing students as they use the Partial Product algorithm for solving multiplication problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

Worksheet # 1 

Name: ____________________________________ Date:______________________________

Find the product. 
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	421

          x    18

 _________ 


	
	
	
	


Worksheet # 2 

Name:_______________________________________ Date: __________________________

Find the product. 
	396
x29 



	213
x192 



	30
x61 



	199
x48 



	295
x194 





	


	158
x238 



	479
x193 



	42
x87 



	267
x104 



	478
x212 





	


	306
x196 



	28
x228 



	310
x41 



	338
x70 



	14
x99 





	


	50
x175 




	402
x22 



	458
x13 



	278
x235 



	218
x155 





Lesson Plan # 6 

Teacher:  Miss Czaplinski                                                                 Date: 

Grade Band: 3rd-5th grade                                                                 Estimated Time: 40 minutes 
Topic: Lattice Method Algorithm

Objectives: 
 Students will be able to multiply a one, two, and three-digit numbers using the lattice method. 
Prerequisite Knowledge: 
- Number Sense/Operations 
The Lattice Method Algorithm is similar to the Partial Sums Algorithm. The diagonals in the lattice correspond to the place values column. First you draw a two by two lattice. One factor is written on the top of the lattice, and one factor is written to the right of the lattice, one digit for each row or column. It does not matter which factor you put where. Draw diagonals in each box, extending the line to the left of and below the lattice. Multiply each digit in one factor by each digit in the other factor. Write the products in the corresponding boxes that correspond to where the rows and columns meet. You would write the tens digit of the number to the left of the diagonal and the ones digit of the number to the right of the diagonal. Then add the numbers inside the lattice along the diagonals together. Then write the sums along the bottom and to the left of the lattice. 

67 x 53 =

6  7 

	  (1)

3/0
	3/5

	1/8    
	2/1


            6 x 5 = 30                                                                                            

            6 x 7= 35                                  3                           5         

            6 x 3 = 18                                                                                    

            7 x 3= 21   5                                 3

5        1

              3 + 0 = 3

              3 + 0 + 1 = 4 + (1) = 5 

              8 + 5 + 2 = 15 = 5 (Carry the one) 

              1 + 0 = 1 

Answer ( 3, 551 

Materials: Pencil, Paper, Overhead, Graph Paper, Worksheet #1, Times Table Worksheet
Procedures:  
Anticipatory Set

 The teacher will speak a word problem. “If each classroom has 22 desks and there are 6 classrooms, how many desks are there altogether?” The teacher will ask what operation will be needed to solve this problem. The teacher will discuss the operation of multiplication with the students. Using the overhead, the teacher will demonstrate how to use a lattice method to solve multiplication problems. 
Developmental Activity 

The teacher will distribute a lattice worksheet, and a times table worksheet. The teacher then will lead students through two more multiplication problems. The teacher then will ask students to pair up, and work together and attempt to solve multiplication problems using the lattice method. The teacher will ask students to develop a couple of their own multiplication problems. The teacher will once again will lead students through a couple multiplication problems using the lattice method that students developed on their own. The teacher will demonstrate to students, how they can use graph paper to make their own lattice boxes for multiplication.  
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Lattice method algorithm. Did they feel that it was an easier algorithm for solving multiplication problems or more difficult?
Assessment: 

Informal assessment can be performed through observing students as they use the Lattice method algorithm for solving multiplication problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

Worksheet # 1 

Name: ____________________________________ Date:_____________________________

Find the product. 

28 x 48 = 

	
	

	
	


54 x 49= 

	
	

	
	


23 x 11 =

	
	

	
	


410 x 348 =

	
	
	

	
	
	

	
	
	


152 x 394=

	
	
	

	
	
	

	
	
	


Times Table Chart 
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Graph Paper 
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Lesson Plan # 7 
Teacher: Miss Czaplinski                                                                  Date: 

Grade Band: 3rd-5th grade                                                                Estimated Time:  60 minutes 

Topic: Egyptian Method Algorithm

Objectives: 
The objective of this lesson is to introduce students to the use of characters for numbers (hieroglyphics) and about Egyptian achievements in mathematics. In addition, students will learn how to solve multiplication problems by simply knowing how to add and multiply by two’s. Furthermore, students will be shown how numbers can be written additively and will be exposed to a non-European method of multiplication. 
Prerequisite Knowledge: 

-Number Sense/Operations 

The Egyptian Method Algorithm is a three step process. In the first step of the algorithm the student will make two columns. One column will be made for each factor.  The first column starts with the number one, and will be repeatedly doubled until one reaches the largest power of column number two not exceeding the first factor. The second column starts with the second factor, and repeatedly doubles as often as was done in the first column. In the second step working bottom to top, one identifies the subset of entries in the first column that adds up to the first factor, and one crosses out the other entries.  In the third step one adds up the corresponding entries in the second column. 

83 x 27 =                          100 + 216+864 = 2241
83                   27

	1
	27

	2
	54

	4
	100

	8
	216

	16
	432

	32
	864

	64
	1728

	+_______

83
	+________

2241


Materials: 
Hieroglyphic sheets, Pencils, Paper, 
Procedures: 

Anticipatory Set 
The students will be showed pictures of Egyptian hieroglyphics. The students will be told that the Egyptians had a method of doing multiplication, where they only had to know how to add and to multiply by two’s. They never had to memorize multiplication tables! 
Developmental Activity 

The students will be told that Egyptians represented numbers in a different day then we do. They used Hieroglyphics! This type of representation uses pictures to represent numbers. Not only did Egyptians have an interesting way of representing numbers, they had an interesting way to do multiplication. Ancient Egyptians were people who migrated from the fertile lands of the Sahara desert. They were one of the greatest ancient civilizations. They were well organized and advanced. For example, they had calendars, standard weights, a standard measuring system, and a centralized government. 
As a whole, the class will do a couple examples of the Egyptian multiplication method. For example 22 x 21 = __. First you chose one of the two factors. (22) Then you set up a chart with two columns. Put the number 22 in the right column. In the left column you will always start with the number one, and keep doubling the number till you get a double that is larger then than the number that you are multiplying, then you can stop. Now you have to find the double numbers that add up to the other number. In our case that number is 21. Take the corresponding numbers and add them together. 
 22             x         21                =             _____________

22 22 + 88 + 352 = 462

	1
	22

	2
	44

	4
	88

	8
	176

	16
	352

	32
	704

	+_________
	+_________

	21
	462


Students will be told to check their Egyptian multiplication method answers, by solving the same multiplication problem using different multiplication algorithms. Furthermore, following the completion of a couple of multiplication questions, the students will be allowed to help the teacher make up a couple of multiplication problems to solve using this method. The teacher will put up 5 of the multiplication problems that were made up by the class on the board. The teacher then will ask his or her students to copy the five questions down on a piece of paper. The students will be asked to solve the questions, and write their answers in English and in Egyptian hieroglyphics
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the Egyptian method algorithm. Did they feel that it was an easier algorithm for solving multiplication problems or more difficult?
Assessment: 

Informal assessment can be performed through observing students as they use the Egyptian Method algorithm for solving multiplication problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

Egyptian Hieroglyphics

	English
	Hieroglyphic
	Description
	 
	English
	Hieroglyphic
	Description

	A
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	Vulture
	 
	N
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	Water Sign

	B
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	Foot
	 
	O
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	Not Known

	C
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	Basket
	 
	P
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	Footstool

	D
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	Hand
	 
	Q
	[image: image25.png]



	Hill

	E
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	Reed Leaf
	 
	R
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	Mouth

	F
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	Horned Viper
	 
	S
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	Folded Cloth

	G
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	Pot Stand
	 
	T
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	Loaf of Bread

	H
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	Not Known
	 
	U
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	Baby Quail

	I
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	Reef Leaf
	 
	V
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	Horned Viper

	J
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	Snake
	 
	W
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	Baby Quail

	K
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	Basket
	 
	X
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	Mouth and Folded Cloth

	L
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	Lion
	 
	Y
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	Two Reef Leafs

	M
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	Owl
	 
	Z
	[image: image44.png]



	Door Bolt


	Number
	Hieroglyphic
	 
	Number
	Hieroglyphic
	 
	Number
	Hieroglyphic

	1
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	6
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	100
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	2
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	7
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	1,000
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	3
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	8
	[image: image52.png]



	 
	10,000
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	4
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	9
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	100,000
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	5
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	10
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	1,000,000
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Lesson Plan # 8 

Teacher: Miss Czaplinski                                                                  Date: 

Grade Band: 3rd-5th grade                                                                 Estimated Time: 40 minutes

Topic: Invented Algorithms 

Objectives: 
Students will work in groups collaboratively to develop an algorithm for solving either an addition, subtraction, multiplication, or a division problem. In addition, students will evaluate the completeness and accuracy of the invented algorithms. 
Prerequisite Knowledge: 
- Alternative Algorithms 

- Number Sense/Operations 
Materials: Pencil, Paper, Poster paper, Markers, Crayons, Scrap Paper
Procedures:

Anticipatory Set 

The teacher will tell students that they will have to opportunity to develop their own algorithms for solving whole number computation numbers. 
Developmental Activity
 Students will work in small groups to develop an algorithm for solving an addition, subtraction, multiplication, or division problem. Students will draw on their prior interactions and exploration with standard and alternative algorithms to create their own algorithm and evaluate their classmates’ algorithms. Students will be supplied with poster paper and markers so that they can present their algorithms to the class. The teacher will circulate around the classroom to remind students to think back to the algorithms they have examined together earlier in past lessons. Following the presentation of the invented algorithms, the students and the teacher will compare and contrast the invented algorithms to the algorithms they learned earlier such as the Partial Sums Algorithm, and the Lattice Method for solving multiplication. 
Closure
The teacher will review the objectives that were set for the day and ask students to share one thing that they have learned. Students will be asked whether or not they think they have met the objectives of the lesson. The students will be asked what they though of the algorithms that were developed by their classmates. Did they feel that the algorithms made it easier to solve addition, subtraction, or multiplications problems or more difficult?
Assessment: 

Informal assessment can be performed through observing students as they develop their own algorithm for either solving addition, subtraction, or multiplication problems. Note who is actively participating and answering questions correctly, and who may be having difficulty solving the addition problems. At the end of the unit, a more formal written assessment will help to determine whether or not students have grasped an understanding of alternative algorithms. 

IV. Teacher Content Knowledge

A teacher must not only be familiar with, but also be fluent in, the mathematics that they teach. The teacher must be able to demonstrate mathematics content knowledge that is well above and beyond the material that you will be teaching. 
When teaching students alternative algorithms for whole number computation –- adding, subtracting, multiplying, and dividing a teacher must be proficient in  number sense and operations, and the properties that go together with the operations, such as the; commutative, associative, and distributive properties.  In addition, teachers need to know not only the standard or conventional algorithms used by the United States of America but also need to know that there are other computational procedures used by children around the world (Chapin & Johnston, 2006).  
V. Assessment 

A teacher should not limit themselves to a single form of assessment. Teachers should incorporate both formal and informal assessment when assessing their student’s mathematical abilities. The teacher will informally asses his or her students by observing them as they are working on math problems, engaged in exploration, sharing problem solving strategies, and sharing their connections with the class. Observing the children’s discussions will provide the teacher with valuable information that can help them assess their students’ development of numerical thinking (Bramms, 2003). The teacher will not who is actively participating and answering questions correctly, and who may be having difficulty solving the addition, subtraction, and multiplication problems. 
At the end of the unit, a more formal written assessment will help determine whether or not students have grasped an understanding of alternative algorithms. The test will consist of 20 questions. Eighteen of the twenty questions will test the students’ procedural knowledge. Two of the twenty questions will test the students’ conceptual knowledge. Each of the 20 questions will be worth 5 points each. Partial credit can be given to the student if they arrived at the wrong answer but did the right procedure, and vice versa. 
Name: _______________________________________ Date: ________________________

Find the sums by using the Partial Sums algorithm.  Show your work. 
1. 34 + 781=

2. 120+4,598=

3. 138 + 798=

Find the sums by using the Column algorithm. Show your work.
4.  45 + 181=

5.  653 + 1,725=

6. 763+ 1,127=

Find the differences by using the Counting Up algorithm. Show your work. 

7.  567- 45=

8. 9,890 + 80=

9. 3,457 + 681=

Find the differences by using the Partial Differences algorithm. Show your work. 
10.  765- 38=
11.  44-178=
12. 53 – 294=
Find the product by using the Lattice Method algorithm. Show your work. 
13. 23 x 45=
14. 38 x 157=

15. 12 x 15 =

Find the product by using the Egyptian Method algorithm. Show your work. 

16.   345 x 75 = 

17. 48 x 144 =

18.  35 x 765=

Choose two out of the 18 questions from the beginning of the test, and explain the benefits of using that particular algorithm. 

19.

20.
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