Planning Guide: Increasing Patterns

Sample Activity 1: 
Identify and Describe Increasing Patterns in a Variety of Given Contexts; and Represent the Relationship in a Given Increasing Pattern, Concretely and Pictorially 
(Specific Outcome 2, Achievement Indicators a, b)

1.
Calendar

Frequently teachers use the monthly calendar to develop patterns that students can predict, identify, extend, verify, describe and translate into other modes. In Kindergarten, Grade 1 and early Grade 2, patterns used will be repeating patterns that vary in number of elements, form, colour, position and/or size. Now students in Grade 2 are being introduced to a new type of pattern, one based upon the relationship between progressive steps in the pattern. The calendar may be a good way to gradually unveil a growing or increasing pattern while introducing these patterns with other materials. The following is a sample of a plan that includes moving from repeating patterns to increasing patterns on the monthly calendar done daily with students using numerals for each date written upon varied forms.

September: a repeating pattern, such as oak leaf, maple leaf and poplar leaf.

October: repeating patterns, such as turkey, pumpkin, ghost, jack-o-lantern.

November: a repeating pattern, such as poppy, poppy, cross, cross, cross.

December: a repeating pattern, such as evergreen tree, wreath, star, wreath, evergreen tree. With the onset of the new year, introduce the concept of increasing patterns.

January: an increasing pattern, such as snowflake, sled, snowflake, snowflake, sled, sled, snowflake, snowflake, snowflake, sled, sled, sled.

February: an increasing pattern, such as red heart, pink heart, red heart, pink heart, pink heart, red heart, pink heart, pink heart, pink heart. You may have introduced growing patterns in the fall to work with skip counting by 2s, 5s and 10s. 

Note that the increasing patterns in skip counting are limited to a constant increase, unlike the increasing patterns suggested in the January and February calendar ideas above.

2.
Do You Know My Pattern?

As January begins, or whenever you wish to introduce increasing patterns in which the increase varies in a pattern, start playing a game with students on the overhead, if available, as it makes it easy to vary manipulatives and allows all students to see. Tiles are a good beginning manipulative. After placing one tile on the overhead, ask the students if that gives them enough information to know what your pattern is going to be. Students may predict, but if they do, simply put the next tile in your pattern on the overhead. If they predicted and were wrong, simply tell them the pattern they were thinking of is an interesting pattern, but not the one you are building this time. Gradually students will come to the realization that you can never predict the pattern with confidence on just one tile, and even two is risky. At least three tiles or steps are generally needed before one can identify the pattern and possibly more, depending upon the length of its core in a repeating pattern or the length of at least three steps in an increasing pattern.

The following are examples of growing patterns you might begin with on the overhead and the questions that you might ask.

Pattern one:



Do you know my pattern?



Now do you think you know my pattern?

Students are likely to predict at this point that the next step is three tiles set out in a horizontal line. You may ask a student to come up and show the class step three. If the student is correct and lays down three tiles in a line horizontally, move on to ask what is different about this pattern compared to the patterns we have learned about in Kindergarten, Grade 1 and so far in Grade 2. If the student predicted that the next step was to return to a single tile or some other variation, respond with, "That would be an interesting pattern, but is not my pattern this time." Then show the class step three (three tiles drawn one after the other horizontally). Given three steps, can they predict what the next step will be? Ask the students how this pattern is different from the ones they usually work with in math. They will likely come up with some way of expressing that the patterns are growing or getting bigger or that they do not repeat and stay the same over and over. Students may note that these patterns are not connected like repeating patterns, as sometimes each step is shown as being discreet, but not always. The tiles could be lined up in a pattern as follows.

Pattern two:


Ask the students if they can tell you what tiles make up step one, step two and so on.  Can they predict the next step?


Pattern three:


Do students understand the need to keep shapes proportional by analyzing its growth in more than one direction and keeping the growth constant in both planes? Can they see that if the first step is a square, the second grows by one up and one across—still a square shape—then the third step will be a three by three square and not a two by three rectangle?

3.
Patterns with Circular Manipulatives

Another day play the game "Do You Know My Pattern," as above, but use bingo chips or pennies as manipulatives to make increasing patterns. The lesson described will first ask students to work together to describe the increasing patterns that are studied. It serves as preparation for using this differently shaped manipulative and further develops the language for describing growing patterns. It also models how to translate the pattern into numerals for study to make generalization possible. The activities in this lesson will help students develop the necessary language for successfully "Building Behind the Shield" in the next lesson idea. Your students may not be ready for some of the numerical work involved in the study of a sophisticated increasing pattern, but will likely be able to identify, extend, describe and reproduce such a pattern. The mathematics behind these patterns may challenge some of your students and will let others know that patterns are not just art and fun, but mathematical. For these students delving into the mathematics or functions will have to wait until Grade 3 or later; however, it is helpful for you as a teacher to see this and know this is where it is leading your students. It points to the mathematical value in studying increasing patterns and how the sophistication of the mathematics in increasing patterns will take your students forward right into high school. Therefore, this curriculum objective is more important than perhaps it is first perceived. 

Pattern one: Using the overhead projector, show steps of the pattern and ask questions.


Step one: 
Ask, "Do you know my pattern?"


Step two: 
Ask "Do you know my pattern now?"

If a student demonstrates step three correctly, ask the students how they could describe this pattern to someone so that they could build it even if they could not see it. If the students do not identify step three correctly, show step three:


Then ask the students if they can build step four. Ask how the students would explain what happens to build the next row. Can they generalize that the next step takes the bottom row as its top row number and adds one to the row beneath it with two rows being constant? Ask the students to translate the pattern into numbers. Done directly it would look like:



0

1
        
 2
  
3

1 
then      2
then 
 3     then   
4          but as sums it is 1, 3, 5, 7 …

This can be shown on a number line and students can easily see the pattern is growing by twos, beginning with one, thus odd numbers. The change of plus two is constant from step to step. This constant rate of growth can be found by the student, but using the information the students have at their disposal so far would only allow them to solve for the number of circles used to build step 9 by building all the preceding steps. They have only found the recursive relationship. In years to come they will learn to find the functional relationship, which will allow them to find the number of circles for any step without constructing the intervening models. For example, in this case, if n is the step number, the number of circles required will be 2n–1. At that stage of pattern study, the power of algebraic thinking becomes apparent.
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Ask the students how we could explain the pattern of change in numbers instead of words. As students share that it is adding two to the last sum, it can be pointed out that the language of mathematics helps us describe patterns in a very compact way; it doesn't take a lot of space, time or words. In other words, it is short and sweet.
Pattern two:


Step one: 
Ask, "Do you know my pattern?"

Step two: 
Ask "Do you know my pattern now?"

If a student demonstrates step three correctly, ask the students how they could describe this pattern to someone so that they could build it even if they could not see it. If the students do not identify step three correctly, show step three:


Then ask the students if they can build step four. Ask how the students would explain what happens to build the next row. Can they generalize that the next step always adds another row at the bottom, being one greater than the last bottom row? Ask the students to translate the pattern into numbers. Done directly it would look like:







         1





    1
         2

1 then    2
then  3,    but as sums it is 1, 3, 6, 10, 15, 21 …
This is a good time to show the students how to read this pattern on a number line as the change from one step to another as below.
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Ask the students how we could explain this pattern in numbers instead of words (as in the sums of circles used in the series above). Ask the students if the change in this growing pattern is constant or changing. Help them in this way to notice that the growth may be a fixed amount or an amount that increases in a pattern or predictable way. As students share that it is adding the next counting number to the previous sum of circles, again it can be pointed out that mathematics helps us describe patterns in a very succinct way. Students may also have noticed from these last two patterns that growing patterns may begin the same way, but can be very different. Comparison of increasing patterns begins in Grade 3, so it is not necessary for students to go farther than being aware of this possible divergence of patterns in terms of making comparisons.

Learning to Chart the Change from Step to Step

Students need to see modeling of methods to analyze the change between steps of the pattern. The example below uses a chart instead of a number line.
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Marking the circles from the previous step in each succeeding step helps students easily see the change (Van de Walle and Lovin 2006, p. 282).

Students need to be guided to learn how to chart the changes they observe and study these changes for patterns that will allow them to predict and test the next steps and eventually use rules or generalizations to calculate steps that are further along in the sequence. Building models for these steps would take a great deal of time and material, so math becomes an efficient way to solve the problem. This learning is helpful before students are faced with using sophisticated increasing patterns to solve problems. 

In the example above, students can be guided to list the steps in sequence, then underneath these, record the number of circles at that step. Below this, students can record the change in the number of dots, as below. At Grade 2 it is only necessary for the students to represent the relationship concretely and pictorially, so this level of recording and discussion would only be done with teacher guidance and recording. The students do need to be able to explain rules that generate patterns, however, so an introduction to this type of charting and analysis will prepare students for future learning and challenge your most able students.

	Steps
	1
	2
	3
	4
	5
	6
	7
	8

	Number of circles
	2
	6


	12


	20


	30
	?
	?
	?


     +4
+6
+8
+10
 +?

Another pattern for consideration:
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Ask the students how we could describe this pattern in words. With guiding questions it may be described as "the top row represents the number of the step and that is also the number of rows in step, with each row being one more than the one above it." This is another example of a pattern that grows in two directions.  

Building Behind the Shield

Now that students have some idea of how to build increasing patterns and describe them in words, ask them to create a growing pattern of their own using the pennies behind a shield made of two sheets of heavy paper or light cardboard taped together to block their work from their partner's view. Their objective is to describe the making of their growing pattern to their partner carefully enough that the partner is able to build the same increasing pattern on the other side of the shield without viewing the original. The student giving directions may, however, observe the partner's developing pattern and give additional directions to the partner to try and correct any misunderstandings. When pairs are done or time is called, the shields are lifted and students talk about what made it difficult to explain or understand and by what rule(s) the pattern is growing. This activity also helps accomplish achievement indicator e, which is to create an increasing pattern and explain the pattern rule.
4.
Increasing Patterns on the Hundred Chart

If you have been finding and describing patterns on the hundred chart, you have been finding and describing increasing patterns. Using the hundred chart to show skip counting by 2s, 5s or 10s is using it to look at increasing patterns that grow by a constant amount. This is the type of increasing patterns you will probably include in your plans for the fall of the year. 

Name Patterns in September

Give the students a blank ten-by-ten matrix. Ask them to print their first name, one letter per box, over and over until the matrix is full with no spaces between the copies of their name. Students should start at the upper left and print across each row until the row is full and then drop down to the left of the subsequent row, placing the next letter of their name in the first box of that row. This means that unless they have one, five or ten letters in their first name, they will not be starting the second row with the first letter of their name. Ask the students to choose a favourite colour and colour in the boxes where the last letter of their name appears. If students have that letter other places in their name, they should only colour it when it is in the last position. Doing a sample of this on an overhead transparency as you explain the directions will clarify the instructions. When the students are done, they are to hang them on a bulletin board or the front chalkboard. After they are completed, together the class should study them and see if they can organize them into groups that show the same pattern. When asked why they think these students within these groups have the same pattern on their charts, some of the answers may surprise you. Students often suggest ideas such as because they are all boys or girls. It is not as obvious to them as to you that the patterns are based upon the number of letters in their names. This is a good activity for getting to know one another's names in September, and prepares students for the following lesson.

Building the Skip Counting Patterns with Manipulatives

Introducing the skip counting patterns on the hundred chart can be integrated with manipulative work and extended to calculator work. The manipulatives and the calculators help to motivate and involve all students, as well as lay ground work for their skip counting in Grade 2 and multiples in Grade 3. The easiest manipulative to make these skip counting patterns, such as ababab, counting by 2s, or aaaabaaaab, counting by 5s, is two colours of Unifix cubes, used to build trains as close to the length or width of the classroom as time and materials will allow. Different groups of students need to use different pairs of colours so that a colour shortage of Unifix does not immediately develop. Multilink cubes can also be used, but take longer and more strength to connect into the trains. They do, however, have the advantage of not breaking apart unexpectedly. When students have created these long trains with a repeating pattern, have them break them into sets of ten starting from the left end and place each ten-cube length of train one under another as they break them off. Laying them in a box lid helps hold them in position so the students can study them for the visual patterns they create. Preserving and displaying one sample of each of the patterns created in this way will allow the students to compare these patterns to ones they later generate on calculators and record on a hundred chart. It is useful at this point to make the connection between these manipulative patterns and the same patterns seen on the hundred chart when skip counting or to Name Patterns from the previous lesson. For example, if you cover the multiples of five on the hundred chart, students will see the pattern of two vertical lines of the hundred chart that match up with the vertical lines of the second colour in the manipulative version of the aaaab pattern. Likewise, students who have names five letters in length had Name Patterns the same. The checkerboard pattern is clear on the hundred chart when skip counting by 2s and matches the manipulative box lid with the ababab pattern.

Using the Calculator to Produce Skip Counting Patterns and Hundred Charts to Record

It is best if the students work in pairs with one doing the calculator work, while the other is marking on the hundred chart. Most students love using highlighters to quickly mark on the hundred chart the numbers called out by their partners with the calculators. The partners can reverse roles for the next pattern they produce. The completion of highlighting the whole square can be done after the person on the calculator has called the pattern to one hundred. The student with the calculator should enter 2, +, =, =,  = … for counting by 2s and 5, +, =, = , = … for counting by 5s. Students should label these patterns with the calculator buttons pressed to generate them. They can also generate the patterns for other counting groups. When the highlighting is completed, students can then match up the patterns with the manipulative patterns of the trains stored in the box lids and with Name Patterns posted. If storing the manipulative patterns was a problem, students could colour in blank ten by ten grid charts to represent the patterns they found and title them according to the pattern they represent, such as aaaab or ababab. Students with these experiences will readily see the skip counting patterns on the hundred chart as numerical increasing patterns.

If you have removable numerals in a pocket hundred chart, just turn over the numbers you do not want to be visible. If you are using a transparency of a hundred chart, use opaque chips or pennies to obscure the numbers you do not wish to be shown. If you have neither, a hundred chart with numbers blacked out could be used. Other numerical patterns, beyond skip counting or multiples, that could be identified by students and described might include some of the following:

Pattern one: 1, 6, 7, 12, 13, 18, 19, 24, 25 …
(+5, +1, +5, +1, +5, +1)

Pattern two: 1, 2, 4, 8, 16, 32, 64 …

(doubling beginning with 1)

Pattern three: 1, 2, 4, 7, 11, 16, 22 …
(+ the next counting number beginning 


with 1)

Pattern four: 1, 3, 7, 13, 21, 31, 43 …
(+ the next even number beginning 


with 1)

Again studying these increasing patterns will require a discussion of what the change is from one number to the next and how the change is repeated or grows in a pattern. Using the number line to study the change in conjunction with the hundred chart will help students see the pattern in the change and ensure they understand the usefulness of a number line in decoding the pattern in these increasing patterns, which are really "sequences" (Van de Walle and Lovin 2006).

5.
Patterns on the Addition Table

Students may not be familiar with using the addition table to see patterns. Before the students begin searching for patterns on the addition table, be sure they know what it is and how it works. Placing an addition table transparency on the overhead allows all students to see clearly. Using various coloured overhead non-permanent markers will enable the students to easily see different lines and patterns. You may also wipe the transparency clean and re-use it.

Ask the students what patterns they see on the addition table.

	+
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	3
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	4
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	5
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	6
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	7
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	8
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	9
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	10
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20


6.
Tile, Block or Square Patterns

Study patterns made with tiles, coloured squares, blocks, Unifix cubes or Multilink cubes and transfer them to paper. 

Studying patterns together before asking students to create their own will help ensure that all students have had opportunities to take away essential learnings. Beginning with a symmetrical base pattern is easiest. A pattern of a cross, three across and three down, is a good option. Using a different colour for each progressive round of manipulatives placed makes it easier to see and track the growth. The colours can be used to make a vertical bar graph to record how many of the manipulatives in each colour were required for each step. 

When the students are ready to make their own increasing patterns to meet achievement indicator e, they could be assigned to create their own increasing patterns with any manipulatives. Should they elect to use Unifix cubes, students can keep a pattern aligned by hanging Unifix cubes on geoboard pegs/nails. They can also place Unifix cubes on a grid that has squares with matching dimensions to these cubes. Then, as the pattern is built out, the cubes can be lifted and a dot of the correct colour placed in the appropriate square on the grid. The complete colouring in of the squares can be done as a final step. To begin, students can use black cubes, squares or dark coloured blocks to lay down the central pattern. Next, they determine how the pattern will grow or what the rules are. Now the individual or group grows the pattern according to the rules. Switching the colour of manipulative for each step will make it easier for the students to keep track of the pattern growth. Finally, they transfer it onto grid paper by colouring the squares according to the manipulative colours, which are then lifted away. This activity accomplishes e, creating an increasing pattern.

7.
Pattern Block Patterns

Students can be given lessons using overhead pattern blocks. This way they can learn to name the shapes, if they are not already known, and accumulate some experiences making increasing patterns with the shapes before setting out to construct increasing patterns independently or in small groups. Some possible patterns to explore together follow. If you have enough pattern blocks available, it would be ideal if students could build their own models as you work on the overhead.  


Pattern one:

Ask the students what they predict will come next.


Pattern two:
Ask students if they know your pattern yet.

Next, show four green triangles made into one larger triangle as seen below. 
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"Can you show me what the third step in this increasing pattern will be?" It is very possible that a student will discover the next largest triangle with three rows, the bottom having five triangles, two inverted, the middle row having three triangles with the centre one inverted and the top row, a single triangle as below. 
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When this step has been discovered and shared, help the students find the data available. "How many rows does this triangle have? How many triangles are in each row? How many triangles does this step use in total? Is there a pattern we can figure out that will tell us how it changes from step to step?" If this is not enough data to let students uncover the addition of a successive odd number of triangles being added to create the next larger bottom row, then go ahead and build the fourth step together so it becomes clearer. If they predict it, ask how they can verify their prediction. Then build it to check.  

Since patterns such as this require a large number of a particular pattern block, you may need ways around a lack of concrete materials. Students may be given pattern block stickers, but again this requires a large number of shaped stickers and is an expense. Running them off on paper and having kids or volunteers cut them ready for students to glue into their patterns is a possibility, but is also labour intensive. The easiest way is to invest the time in making templates or to purchase commercial ones. To make templates, you need a utility knife, a marker that will write on plastic lids and a collection of plastic lids. Trace the shapes from the pattern blocks onto the lids and, using the utility knife, cut the shapes out. Now students have templates to make the pattern block shapes. As each progressive step is made, students can transfer it to a pictorial image on a paper and re-use those pattern blocks to make the next step in the pattern.

As students run out of materials to construct their patterns, ask them to share how they solved for the next steps in the patterns. Some will have manipulated materials or 2-D shapes representing the materials, others will have drawn diagrams, others mentally manipulated figures and some converted the pattern to numbers to make it easier to see the relationships or growth pattern. 

Other Pattern Block Patterns

Make patterns using other shapes such as:
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If students have made the growing triangles pattern in pattern two above, ask them if they think the pattern for making increasingly bigger squares will be different or the same before building these. Then construct the growing squares to verify or defy their predictions.

Ongoing assessment:
As you share various representations of increasing patterns with the class and ask them if they know the next step in your pattern, you can assess their recognition of increasing patterns in a variety of forms. You can also evaluate their ability to describe the patterns, which should be increasing in sophistication of language and organization as the work with patterns progresses throughout the year. 














































Look For (


Do students:


identify more than one possibility for growing patterns as the first few elements are unveiled? For example, an unfolding abaabbaaabbb pattern could reasonably be predicted as an abaabaaabaaaab pattern when only the first four elements are known.
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