Module 5: Patterns in shapes	INFORMATION FOR TEACHERS
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Working with 
Top Drawer Teachers: 
The big ideas of patterns
Information for facilitators 
Top Drawer Teachers (http://topdrawer.aamt.edu.au) is a web-based resource developed by the Australian Association of Mathematics Teachers in collaboration with Education Services Australia. 
The Patterns drawer is one of six drawers which provide expert advice, teaching suggestions and classroom activities. Each of the modules is a guide to one of the five ‘big ideas’ of Patterns.


About the resource
This resource was developed by
Darius Samojlowicz
It is suitable for
Teachers of students in Years F to 3
It covers
The five ‘big ideas’ of Patterns:
Patterns are everywhere
Mathematical patterns are regular
Repeating patterns
Growing patterns
Patterns in shapes
Learning outcomes
Understand the connections that can be made within the curriculum using a patterning approach
AITSL Standards addressed
Standard 1:		Know students and how they learn
1.2	Understand how students learn
Standard 2:		Know the content and how to teach it
2.1	Content and teaching strategies of the teaching area
2.5	Literacy and numeracy strategies
Standard 6:		Engage in professional learning
			6.2 	Engage in professional learning and improve practice



Background
Patterns and algebra is a sub-strand of the Number and algebra strand of the Australian Curriculum: Mathematics. 
However, patterning ideas arise in other sub-strands of this strand, and also in the Measurement and geometry and the Statistics and Probability strands. Many of the sub-strands can be approached from the ideas of patterns.
These notes are written to support the delivery of the modules. It is recommended that you read them and any supporting materials thoroughly.
You may decide to exclude some activities depending upon the interests and backgrounds of the participants.
Introduction
This section can be used as an introduction to any or all of the five Patterns modules. Each slideshow begins with the title of the module (Slide 1), the time allocated (Slide 2) and the AITSL standards addressed (Slide 3).
Slide 4 features ‘Patterns and their applications in the Australian Curriculum: Mathematics’. This can also be downloaded.
Discuss the possibilities of using a pattern approach in various strands, particularly those that might be less obvious (for example, the pattern made when rolling two dice repeatedly).
Participants can add ideas to the sheet as the discussion progresses.
Big ideas
The big ideas of patterns thread through the various sub-strands of the curriculum. 
They embrace a large proportion of the separate content descriptions for each year level. 
So each big idea helps in thinking about many topics in the curriculum.
Focussing on the big ideas can also help integrate the different strands. In particular, patterns can link many ideas in Number and Geometry.
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Module 1 
Patterns are everywhere
Patterns can be found in a wide variety of situations, both in the classroom and outside. Students enjoy looking for patterns around them.
Resources
Copies of ‘Patterns and their applications in the Australian Curriculum: Mathematics’
Copies of ‘A pattern analysis of Three Blind Mice’
Multi-link cubes in a variety of colours, enough for 15 for each participant. If you do not have multi-link cubes you can use other coloured cubes or counters.
Whiteboard and markers for recording
Dice
Scootle login details
Presenter notes
Slide 6
Have participants consider this question both now and as they progress through the module. 
Focus Question
In what ways can we build learners knowledge and experiences that lead them to recognise that patterns are everywhere?
Have a discussion about the types of patterns that the participants already know about.
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progressed.
Slide 7
There are many patterns in both natural and constructed environments. For some beautiful examples that you can use as an introduction to this theme, look at this YouTube video showing that patterns are everywhere.
Have participants view the Patterns Are Everywhere video (http://topdrawer.aamt.edu.au/Patterns/Big-ideas/Patterns-are-everywhere) and then identify and discuss opportunities within your students’ school context, and their home context, that would be relevant examples to them. Brainstorm a list of questions that would explore the elements of these patterns. 
Patterns also occur frequently in many school activities. Some examples are:
· skip counting (e.g. 5, 10, 15, 20…)
· block building
· decorative patterns (e.g. potato stamping, butterfly patterns)
· musical rhythm and melodic repetition
· rhyming in poetry
· playground games.
There many more.

Slide 8: Tartans 
A tartan is a textile design that comes from Scotland. Ask participants if they can describe the pattern in this tartan.
The tartan consists of a pattern of black, yellow and red horizontal rows and the same pattern of black, yellow and red vertical columns. The colour changes where the rows and columns intersect. Also, the rows and columns make squares and rectangles of various colours.
Find your own examples of Scottish tartans. You will have to look online to find some.
What patterns do they have?
Slide 9: Nursery rhymes
“Three blind mice” is a well-known nursery rhyme.
One way of looking for patterns is to ask questions about the words.
* Is there any grouping?
* Is there any repetition?
* Is there any repetition with variation?
What do you notice?
Now look at the notes (do not try to sing them). What patterns do you see now?
Now sing the song. Do you notice any further patterns?
(You could repeat the exercise with other children's songs, such as 'Frère Jacques' or 'Hot Cross Buns'.)
Slide 10
Review and/or distribute ‘A pattern analysis of Three Blind Mice’.
Slide 11: The words
The pattern in the words can be analysed as A1-A1-A2-A2-B1-B2-B3-A1, where:
A1 = “Three blind mice”
A2 = “See how they run”
B1 = “They all ran after the farmer’s wife”
B2 = “who cut off their tails with a carving knife”
B3 = “Did you ever see such a sight in your life”
A1 and A2 are similar in that they are both short and repeated. B1, B2, and B3 are similar in that they are all the same length (but longer than A1 and A2), show a similar (but not identical) rhythm, and rhyme (wife-knife-life).
Slide 12
[image: ]The visual pattern in the notes can be analysed as C1-C1-C2-C2-D-D-D-C1, where:
C1 =
[image: ][image: ]C2 =
D =
C2 has the same falling pattern as C1, but it is higher and has a slightly different rhythm. The three repetitions of D are all slightly different in order to fit the words, but not different enough to warrant different numbering.
Slide 13
[image: ]These notes form a major chord, a basic structure in Western music. Play them on the piano, separately and then together, if you do not know this term. Because of its structure, Three Blind Mice can be easily sung as a round by four people or groups of people: one group starts at the beginning and repeats the song as often as they like. The second group also starts at the beginning but waits until the first group has sung Three Blind Mice twice; and so on with the other two groups. Although the four groups are singing different music, it all fits together to make a pleasant harmonic whole. Try it!
Slide 14: Scootle
Scootle has a number of resources that reinforce the concept that patterns are everywhere. 
If time allows, have participants explore some or all of the Scootle resources. They may like to make a note of these to include in their future lesson planning. Participants will need to enter their login details to access the resources. 
This activity will require each participant to have their own device or be in a computer lab. A good follow-up might be to discuss the merits of each and how they might be used in the classroom.
Slide 15
Explore the Sports Day (http://topdrawer.aamt.edu.au/Patterns/Activities/Sports-dayactivity) to help explain that patterns can be found everywhere.
School events frequently contain patterns. Finding repeating and other patterns in an upcoming sports day could make a splendid whole-school project. Activities can be designed that are suitable for children of all ages.
 Here are some questions students might explore.
How often does your school hold a sports day? Do these dates form a repeating pattern?
Does your school sports day have a sack race? If so, how does the movement of each competitor make a repeating pattern?
· Look at the running lanes for a 100 m race. How are they designed? How do they form a repeating pattern?
· Look at the running lanes for a 400 m race. What pattern do they form?
· Look at the best results for a race that is run by different year groups (e.g. times for a 50 m race in years 1–6). Do these numbers form a pattern? If so, describe the pattern.
· Find the number of points won by each house or year group. Do these numbers form a pattern? If so, describe the pattern.
Slide 16: ABC Splash
Splash ABC has a video which explores patterns at Year Level F–1.
Dodly and Flynn find out what a pattern is, and look at different patterns around them. They work out what comes next by continuing the patterns. They make and continue patterns with fruit, shells, steps and singing.
Teachers could show this video to the class and work through the following:
Before Viewing
What is a pattern? Can you find some patterns around you? Why is each a pattern?
As You View
Look at the patterns found. Can you continue each pattern? Dodly’s first pattern is pineapple, coconut, pineapple, coconut, pineapple, coconut. What goes next? What is repeated?
After Viewing
[bookmark: _GoBack]Talk about the patterns found in the clip. Can you continue each pattern? 
Can you make a colour pattern?
Can you make a fruit pattern? How about a stepping pattern or a singing pattern?
Next Steps
Find some patterns around you. Draw the patterns and try to continue the patterns by working out what comes next.
Use coloured blocks to make your patterns snake. Then draw the snake. Can others work out your pattern? Do they know what comes next? 
Slides 17–20
Patterns can be found in artworks too. Identify and describe patterns in the following images. All images are sourced from openphoto.net under a Creative Commons licence.
M. C. Escher’s Day and Night image is also another good image but is not licensed to be used.
Slide 21
Now that you have completed this module, consider this question that was posed to you at the beginning. Either in small groups or as a whole share your thoughts, ideas and wonderings with each other in beginning to answer this questions. 
Summary
Did we achieve the learning outcomes? 
How do we know? 
Do we need any more information?
What will I try in my classroom?
	FOR TEACHERS
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Module 2 
Mathematical patterns are regular
In mathematics, we are interested in regular patterns. There must be some rule telling us 'how it goes' — otherwise, it is not mathematics.
Resources
Copies of ‘Patterns and their applications in the Australian Curriculum: Mathematics’ (if not already discussed in another module)
Copies of ‘Explaining Regularities’
Whiteboard and markers for recording
A hundred square (1–100)
Coloured counters
Websites:
Pattern Blocks www.nlvm.usu.edu
www.Skwirk.com.au
Presenter notes
Slide 6
Have participants consider this question both now and as they progress through the module. 
Focus Question
Mathematical patterns are regular. In what ways can we describe regularity?
Have a discussion about the types of regular patterns that the participants already know about.
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progress.
Slide 7
All the patterns in this resource are mathematical. That means that they all have some kind of regularity. The patterns can always be described in words, using terms such as:
· made of
· identical
· repeat
· always
In other words, there must be some rule describing how the pattern is constructed. These terms describe the structure of the pattern.
For example, what is the structure of this brick wall?
It is made of alternating rows of short and long bricks. None of the gaps in consecutive rows align. This is the rule the bricklayer follows in constructing the wall.
There is usually some reason for the regularity in a pattern. For example, if each gap in each row were directly above a gap in the row below, gaps would align right down the wall and the wall would be very weak.
There is a basic human need to look for patterns. All cultures have invented stories to describe the shapes made by the stars in the night sky. But these stories do not describe any mathematical regularity. The mathematical structure of the universe is described by the complex scientific theories that astronomers have developed, but these are based on patterns that are difficult to see.
Slide 8
Using the pictures in ‘Find the Regularity’ (http://topdrawer.aamt.edu.au/Patterns/Big-ideas/Mathematical-patterns-are-regular/Find-the-regularity), describe the patterns and the reason for the patterns.
Click on the picture to download the explanations of the three patterns shown: Footprints, Ladder and Stars.
Slide 9: Explanation
The person was walking at a constant speed and not limping. A person’s track of footprints can also be viewed as two separate, parallel tracks: one made by their right foot and one by their left foot. These two tracks are parallel because people’s legs are a fixed distance apart. If the person is walking at a constant speed, the footprints in each track will also be equally spaced even if they are limping.
Slide 10
Using the TDT pictures in ‘Find the Regularity’, describe the patterns and the reason for the patterns.
Slide 11: Explanation
The two sides of the ladder are the same length so that it can stand upright. The rungs are all the same length because the same person has to fit at different places on the ladder. The rungs are equally spaced because a person would expect to make equal steps up the ladder.
In shorter ladders, the rungs are often made longer at the bottom than the top. This adds to the stability of the ladder.
Slides 12 & 13
Activity
Ask the participants whether they can see the pattern. Discuss their thoughts.
Slide 14: Description
She said:
‘My pattern – can’t you see it’s a system? Circles, then stars, then wheels. The stars are in the wheels; the wheels are in the circles. I did them four times each, one thing at a time in eight different colours (3x4x8 colours). There must be the same number of circles, stars, wheels.”
Slide 15: Repeating patterns in the environment
Here are two examples of patterns students might find on a pattern hunt.
Both are spatial repeating patterns (Patterns Module 3)
Drawings of such patterns use the same understanding needed to draw rectangular grids.
Students may comment only on the pattern in one direction, for example, describing the wall in the first image as "small brick, big brick, repeated"; others may recognise it as repeating in two dimensions and forming a tessellation.
Such examples provide an excellent context for introducing more advanced language.
The most important term is congruent which is equivalent to saying that a repeating pattern has identical units of repeat.
Other useful terms are rectangle and parallel.
Most repeating patterns in the environment occur in manufactured objects.
Some examples are tiles, pavers, windows, zebra crossings and railway lines.
Such objects are generally assembled from units that are very nearly identical.
They can readily be modelled using cardboard cut-outs and represented digitally using software such as Pattern Blocks.
Slide 16: Skwirk
View the online Skwirk resource (by clicking on the Skwirk image) which demonstrates an even number pattern increasing by twos. The second number pattern is a decreasing pattern, going down by twos.
Now discuss the number patterns in a Hundreds Square on the next slide.
Slide 17: A hundred square
Every student should be familiar with a hundred square. There may be one hanging up in the classroom. There are many revealing patterns to be found in it.
Activity
Give each participant a hundred square and a supply of counters.
Ask them to count by fives (5, 10, 15…) placing a counter on each number in turn. What pattern do these counters make? Why? Focus on the ones (or units digit).
Ask participants to predict the pattern they would get if they counted by tens. Confirm the pattern and explain it, focussing on the tens digit.
Repeat, counting by twos and perhaps by threes, fours or nines.
Extend the above tasks by starting at an arbitrary number (e.g. start at 6 and count by 10).
Through these tasks, students will strengthen their knowledge of place value and their addition skills. To assess their understanding, repeat the tasks using a blank hundred square.
Advanced students could be challenged to find similar patterns in a calendar.
Slide 18
Now that you have completed this module, consider this question that was posed to you at the beginning. Either in small groups or as a whole share your thoughts, ideas and wonderings with each other in beginning to answer this questions.
Summary
Did we achieve the learning outcomes? 
How do we know? 
Do we need any more information?
What will I try in my classroom?
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Module 3
Repeating patterns
Repeating patterns are extremely important in early mathematics. In this type of pattern, there is a fixed unit of repeat.
Resources
Copies of ‘Patterns and their applications in the Australian Curriculum: Mathematics’ (if not already discussed in another module)
Copies of the ‘Border pattern’
Multi-link cubes in a variety of colours, enough for 20 for each participant. If you do not have multi-link cubes you can use coloured counters.
Whiteboard and markers for recording
Square and circle blocks
Pattern blocks
Presenter notes
Slide 6
Have participants consider this question both now and as they progress through the module. You may want them to do this through a Think, Pair, Share activity and then record their ideas in a visible location so they can be thought about and/or referred to as you go through the unit. 
Focus Question
Repeating and growing patterns are different. How can we move learners from additive thinking to multiplicative thinking?
Have a discussion about the types of repeating patterns that the participants already know about.
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progress.
Slide 7: Repeating patterns
Many patterns that students experience in early childhood are repeating patterns.
This fence is a one-dimensional repeating pattern, that is, the pattern repeats in one direction.
The essence of a repeating pattern is that it can be made by repeating a 'chunk' of the pattern.
This chunk is called a unit of repeat.
Activity
Have a discussion with the participants and identify any units of repeat in the fence picture. Once units of repeat have been identified ask the participants to predict what they feel students from their class may say. Identify and brainstorm what sorts of questions you could ask as a teacher to help students clarify their thinking.
Slide 8: One-dimensional repeating patterns
This slide highlights two units of repeat. There is always more than one possible unit of repeat. There are usually one or two obvious possibilities but there are often many others that are less obvious. The only requirement is that the whole object (apart possibly from its edges) can be made by repeating the unit.
The fence is a one-dimensional repeating pattern.
Its basic structure is as follows:
Two possible units of repeat are outlined, one obvious and one not so obvious.
In both cases, extra smaller pieces have to be added at both ends in order to make the complete fence.
Activity
Ask participants to predict what their students may or may not see as a unit of repeat. Predict some possible correct and incorrect answers that students may give and brainstorm a list of questions that a teacher could use if students are incorrectly identifying units of repeat.
Slides 9 & 10
The track of footprints shown was made by one person's right and left feet. A possible one-dimensional unit of repeat is one footprint plus the space before the next print made by the same foot.
The ladder shown is also a one-dimensional repeating pattern, made by repeating the rungs at a fixed spacing. Extra pieces are needed at the ends in order to complete the ladder.
(These images can also be found in Module 2: Mathematical patterns are regular)
Activity
The footprints in the sand are also a translation. Sketch a diagram to show how the footprints can be identified as a unit of repeat, and sketch another diagram to show how they can be a translation. Write down some dot points to explain the differences in the diagrams. 
Slide 11: Identical units of repeat
Repeating patterns can be used to introduce students to many concepts in the early mathematics curriculum, especially multiplication. However, students need to be able to find the unit of repeat in each pattern.
The idea can be introduced using 'trains' of interlocking cubes arranged in a row.
Activity
Give participants multi-link cubes in two colours only and ask them to make a repeating pattern. Ask them to share and describe how their group of blocks are a repeating pattern. Are the repeating patterns in a single line? Or have some participants made a repeating pattern that is not in a single line? Draw attention to an AB and AAB pattern as shown in the slide. Now have participants break their ‘train’ into ‘chunks’ as shown in Slides 12 and 13.  
Slide 13
Activity
Once participants have broken their ‘trains’ into ‘chunks’ ask them to describe what the unit of repeat is, and then how many units of repeat altogether, and how many blocks they have altogether. Highlight how this is one way to introduce multiplication and the language ‘groups of’.
The first unit is repeated three times, and the second one is repeated four times.
Students can often copy or extend such patterns without being able to find a unit of repeat. For example, students often see the first pattern as 'alternating white and green' rather than 'white-green repeated'.
If students cannot readily identify units of repeat in one-dimensional patterns, then they may not be able to grasp the multiplication that is implicit in such patterns.
Slide 14
This slide shows the difficulty some children have in identifying the correct unit of repeat.
Sophie had great difficulty finding a unit of repeat for a blue-blue-pink train of cubes. This was her first attempt.
Activity
If a student in your class had recorded their work like this illustration, what questions could you ask them to help them describe and demonstrate correctly a unit of repeat?
This example illustrates the difficulty some children have in finding a unit of repeat for a repeating pattern.
Slide 15
After some help from her teacher and several attempts, she eventually managed to break the pattern into three identical units.
After several more examples like this, Sophie was able to confidently find a unit of repeat in complex repeating patterns of cubes. She was also able to draw these patterns and create her own repeating patterns using other materials.
Slide 16
How do you teach the unit of repeat?
There are many ways to help students learn to identify the unit of repeat.
Here are some ways to help students learn to identify the unit of repeat in one-dimensional patterns.
Activity
Give participants more multi-link cubes in a variety of colours and ask them to make several different repeating patterns. Have them construct one AB pattern and several patterns that are not AB. Participants should describe the patterns to a partner and predict what students in their class may construct. Consider what possible solutions students may come up with. 
Pose the question “What other ways could students make repeating patterns other than using multilink cubes? “
Ask participants to make repeating patterns using a certain number of cubes. Make the maximum number both an odd and an even number. What do you notice? How does the pattern change when the total number is odd? is even?
In the classroom, do not spend a long time making and drawing alternating AB patterns. 
The alternation often distracts students' attention away from the unit of repeat.
Use hands-on materials such as interlocking cubes. 
Patterns made from manipulable materials can be easily pulled apart and the pieces compared.
Use examples that have only complete units of repeat. 
But occasionally make a 'deliberate mistake' and see if students can spot what is wrong.
Ask students to make a repeating pattern using a unit of repeat that you have given them (or one they have created themselves).
Frequently ask students to use the unit of repeat to find the total 'length' of the pattern.
Challenge students to fill in the gaps in a repeating pattern where you have removed some of the pieces. 
These challenges can range from easy tasks to more difficult tasks.
Always stress that the unit of repeat must be identical throughout the pattern.
Slide 17: Repeating patterns and multiplication
Exploration of repeating patterns can form an easy introduction to some of the fundamental ideas of early mathematics.
Here is a very simple repeating pattern made from coloured blocks. It is called a 'train'.
By talking about this pattern, students can come up with the following ideas.
· The number of blocks is 1, 2, 3; 4, 5, 6; 7, 8, 9; 10, 11, 12 (rhythmic counting).
· The number of blocks is 3, 6, 9, 12 (skip counting).
· There are 4 lots of 3 blocks, making 12 blocks in all.
· Each unit of repeat is a quarter of the whole object.
After exploring many other similar trains, students could reach some more general ideas.
To find the number of blocks in a train, you multiply the number of blocks in the unit of repeat by the number of repetitions.
To find the number of repetitions needed to make a train of a given size, you divide the total number of blocks by the number of blocks in the unit of repeat.
A number is even if you can make a train with that number of blocks using a unit of repeat consisting of two blocks. If not, the number is odd.
Can you see any other general ideas here?
Slide 18: Making border patterns
Making a repeating pattern around a border is another way of teaching students the unit of repeat concept.
Making patterns around the border of a rectangle is a fun activity for young students, and it can teach them a lot about the unit of repeat.
Activity
Ask participants to make a repeating pattern using two colours of 12 multi-link cubes around the border of the rectangle shown. Once they have made the pattern ask them to describe what they notice about it.
Now ask them to make a border pattern using 20 multi-link cubes. What do they now notice and how is it the same or different to the previous one? 
Here are some prompting questions:
· How many cubes are there altogether?
· How many are there of each colour?
Break the border into identical 'chunks'.
· How many pieces are there in each chunk?
· How many chunks are there?
Slide 19
The picture is an example of a rectangular pattern. Notice the opposite corner colours, the opposite column and row colours. Does this stay the same for rectangles of different sizes?
This activity can be extended by giving students/participants different-sized borders or different sets of cubes to make the border from. For example, you might ask them to make the same-sized border with 12 cubes in three different colours.
For more advanced students, pose hypothetical questions such as, "Is it possible to make a repeating pattern in a 3 × 4 border with a unit of repeat consisting of 3 cubes?"
Brainstorm a list of key points that teachers should be looking out for when do this activity with their class. 
What generalisations can be drawn from the patterns made in this activity?
Slide 20: Two-dimensional repeating patterns
These tiles form a two-dimensional repeating pattern, that is, the pattern repeats in two directions (both horizontally and vertically).
Like one-dimensional repeating patterns, two-dimensional repeating patterns always have more than one possible unit of repeat. There are usually one or two obvious possibilities, but there are often many others that are less obvious. The only requirement is that the whole object (apart possibly from its edges) can be made by repeating the unit.
The tiles in the image themselves form a unit of repeat, since all the tiles are identical (apart from minor variations). However, the tiles around the edge usually have to be cut to fit the actual floor.
The red square shows a possible unit of repeat. This unit is of particular interest, because the pattern in it is identical to the pattern on each tile.
Slide 21
This tartan is a two-dimensional repeating pattern.
Two possible units of repeat are the squares outlined by the dotted lines below.
Activity: 
After viewing the pictures in Slides 20 and 21 ask participants in what ways can they make two-dimensional repeating patterns using multi-link cubes or coloured counters. Give them a few minutes to make some patterns and then ask them to share their patterns with the rest of the group describing how they know that they are two-dimensional repeating patterns. If students were doing this activity what are some things that you should look out for to ensure they are correctly making a two-dimensional pattern?
Slide 22
This idea can be explored further with tessellations.
While some shapes fit together to make a two-dimensional repeating pattern that leaves no gaps, this is not possible for other shapes.
Compare how squares and circles fit together in a rectangular pattern.
A pattern of shapes that fit together without any gaps is called a tessellation. So squares form a tessellation (a rectangular grid), but circles do not.
Activity
Give participants coloured square blocks and coloured round counters. Ask them to make a rectangular grid using the squares, and a rectangular array using the circles. Discuss how colours can be used to show the unit of repeat. What is different and what is the same between them? Now ask participants to make tessellating repeating patterns using two or more shapes/colours.  Predict what students may notice when making tessellating patterns like this. What are the features that teachers should draw students’ attention to?  
Slide 23
Tessellations can also be made from more than one shape, as long as they fit together with no gaps.
Through exploring how shapes fit together, students can learn much about those shapes. They can learn about the number and lengths of the sides of each shape, as well as the angles at the corners. They can also encounter concepts such symmetry, congruence, similarity and parallels.
Activity
Give participants a selection of pattern blocks to make their own tessellating shapes and then describing the unit of repeat.
Slide 24
Now that you have completed this module, consider this question that was posed to you at the beginning. Either in small groups, or as a whole, share your thoughts, ideas and wonderings with each other in beginning to answer this questions. 
Summary
Did we achieve the learning outcomes? 
How do we know? 
Do we need any more information?
What will I try in my classroom?
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Module 4
Growing patterns
A growing pattern is made up of ‘chunks’, called terms, that change in a regular way.
Resources
Copies of ‘Patterns and their applications in the Australian Curriculum: Mathematics’ (if not already discussed in another module)
Slide show version of Let’s Make a Pattern!
Copies of ‘Patterns in the table’
A sheet of A3 paper for each participant
Pattern blocks
Multi-link cubes in a variety of colours, enough for 20 per person
Whiteboard and markers for recording
Copies of the 3 x 4 rectangular grid
Four or five strips of paper 2cm x 30cm long for each participant
Presenter notes
Slide 6
Have participants consider this question both now and as they progress through the module. 
Focus Question
Repeating and growing patterns are different. How can we move learners from additive thinking to multiplicative thinking?
Have a discussion about the types of growing patterns that the participants already know about.
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progressed.
Slide 7: Growing patterns
The row of cubes is made from four chunks, each in a different colour. The lengths of these chunks are 1, 2, 3 and 4 cubes. We expect the next chunk to have 5 cubes, and so on. This is a regular pattern because the chunks get bigger by one each time.
The row of cubes is an example of a growing pattern. In growing patterns, the chunks are called terms. There has to be a rule that tells you how each term is obtained.
Slide 8: Growing patterns
Here is another, more complicated example. The standard paper size, A4, is only one in the international standard A-series of paper sizes.
Activity
Take a sheet of A3 paper and fold it in half. Then fold it in half again and then again. Measure the sides each time you fold. Record in a table. What patterns can you see?
These sizes form a growing pattern. (Although the sizes are getting smaller, it is still considered to be a growing pattern.)
Each term is a particular size of paper.
For each term, the length of each side is always √2 (approximately 1.414) times its width.
As a result, each size can be made by folding the previous size in half. Because of this rule, it is possible to continue the series as far as you like.
There is further information about international standard paper and envelope sizes on Wikipedia.
Slide 12: Let’s make a pattern
Show participants the video Let's Make a Pattern! This video shows how a pattern can be constructed by adding successive 'rings' of pattern blocks around a central block.
Notice how this activity combines ideas of tessellations (using triangles and squares from a set of pattern blocks) and growing patterns.
Activity
Ask students to repeat the same construction, and consider the questions asked in the video.
You can use this slide show version of Let's Make a Pattern! to guide the discussion.
Challenge students to use the same idea to make their own growing patterns, using either real pattern blocks or digital versions of pattern blocks.
They could use a single pattern block, any pair of blocks (as in the video), or even three blocks. Display the most creative patterns.
You might also like to try the Tessellate decorate series of learning objects accessed through Scootle:
L7782 Tessellate decorate: squares
L7781 Tessellate decorate: rectangles
L7785 Tessellate decorate: rhombuses
L7787 Tessellate decorate: trapeziums
L7783 Tessellate decorate: equilateral triangles
L7784 Tessellate decorate: hexagons and triangles
L7788 Tessellate decorate: three shapes
L7786 Tessellate decorate: right-angled triangles
Slides 13–41
Try working through the growing pattern activity from the video yourself.
How do the shapes and angles fit together?
Predict what might the students in your class might do.
How could this activity be extended into the older grades?
Slide 42: Making a staircase
The following activity can be used to introduce the idea of a growing pattern. At the same time, it can reinforce students’ understanding of a rectangular grid.
Ask students to make pairs of interlocking cubes of the same colour, and then assemble them into this 'staircase' pattern.
Students should then draw the staircase, firstly from the model and then from memory. Students' drawings will show their understanding of the growth pattern (2, 4, 6, 8, 10). For example, some students may not place the various columns of their staircase on a common baseline.
Link the staircase to ideas of multiplication (e.g. 4 groups of 2 make 8).
You can extend this activity by asking students to continue the staircase by making it come down again in the same pattern (with columns of 8, 6, 4 and 2 cubes). The continuation reveals further patterns (including symmetry).
It is also valuable to have students draw the staircase on large-scale grid paper (with 1 cm squares).
Slide 43–45
This rectangular grid is filled with twelve identical squares, with no spaces between them.
This same rectangular grid can be seen as three rows of four squares.
It can also be seen as four columns of three squares.
A rectangular grid is therefore a repeating pattern in two ways.
The rectangular grid can be a most valuable aid in early mathematics learning.
· It incorporates many spatial concepts (square, rectangle, congruence, collinearity, parallels and perpendiculars).
· It can provide an introduction to multiplication.
· Counting the number of squares leads to skip counting (4, 8, 12 and 3, 6, 9, 12 in the above grid).
· Counting the number of squares also leads to multiplication (4 × 3 = 12 and 3 × 4 = 12).
· This counting eventually leads to the formula for the area of a rectangle.
· It can be used to illuminate many multiplication, division and fraction situations.
The structure of the rectangular grid will not be immediately obvious to many students so it is important to teach it explicitly.
Slide 46: Structure of rectangular grids
Textbooks often use rectangular grids to illustrate multiplication, area and fractions. But research shows that young students may not understand the structure of rectangular grids.
Some Year 1 students were given square tiles and asked to make a 3x4 rectangular grid like this one, and then draw it.
Activity
Ask your students to place some blocks on a rectangular grid. Then draw the rectangular grid made on a separate piece of paper 
Slides 47–50
Year 2 students completed this same activity. They easily made the grid, but had difficulty drawing it. Following are some of their drawings.
Ashah knew that the grid was made of squares and had some idea that they were arranged in rows, but she could not complete the pattern.
Bonney concentrated on the squares around the edge of the grid, but did not have the correct number of squares.
Only Con drew the structure correctly, but she drew each square separately instead of using straight lines to show the rows and columns.
These drawings are typical of young students. They suggest that many do not fully understand the row-column structure of the rectangular array. They may therefore have some difficulty understanding its use to illustrate multiplication, area or fractions.
Slide 51: Drawing rectangular grids
There are many practical and enjoyable drawing activities through which students can learn the structure of the rectangular grid.
Even students in their first year of formal schooling can learn the structure of the rectangular grid. Drawing exercises are a particularly enjoyable way of learning about them.
It is best to start with small grids. Very young students may be able to copy a 2 × 1 grid, but a 2 × 2 'window' may be more challenging.
Make sure students are aware of the structure of a window, and that they can draw one successfully, before extending the challenge to larger grids.
Suitable activities for drawing attention to the structure of rectangular grids include the following:
· using counters to mark the 'corners' of the grids
· drawing grids assembled from single squares
· cutting grids into rows or columns, reassembling them and then drawing the grid
· copying grids from a drawing or model and then drawing them from memory
· drawing grids on grid paper
· counting the number of squares in grids.
Slide 52: Rectangular arrays
By studying rectangular arrays, students can also learn the structure of the rectangular grid pattern.
A rectangular array consists of a set of objects arranged in a similar way to a rectangular grid. It is one way of packing objects (e.g. eggs) efficiently.
Activities with arrays can help students understand the rectangular grid pattern. Here are some suggestions.
· Supply students with drawings of various rectangular arrays of black dots and coloured counters. 
· Ask them to create their own colour patterns by placing the counters on the dots.
· Ask students to draw arrays of various sizes from memory.
· Supply students with drawings of various rectangular arrays of dots and ask them to count the number of dots in each array. 
Then ask them to extend each array by one row and one column, and count the number of dots again.
Through such exercises, students will learn that the dots are aligned and equally spaced.
More advanced learners can be challenged to copy and extend a triangular grid pattern of dots.
Slides 54 & 55: Growing fractions
You can use patterns to illustrate simple fractions.
Activity
Give each person at least three strips of paper about 2 cm wide and 30 cm long.
Ask them to divide one of their strips into two equal parts. 
How many folds were required? What is each part called?
Challenge the participants to divide another strip into three equal parts by folding. Expect a lot of trial and error. Participants may come up with the idea of folding a 'Z snake'.
Repeat with folding into four equal parts. Encourage participants to fold a 'W snake' rather than re-folding the halves.
Summarise and explain the patterns they observe.
· The parts in the strips are getting smaller.
· The number of parts and the number of folds both increase by one each time.
· The number of folds is always one less than the number of parts.
Ambitious students may continue the pattern to greater numbers of folds.
Slide 56 & 57: Folding patterns
Activity
Take a 30 cm long strip of paper and fold it in two.
Then unfold it and ask “How many parts are there?”
Point out that the two parts are the same size (because they match) so that each part is a half of the strip. Also count the number of folds.
Fold the strip again and then fold it in two a second time.
Ask them to predict the number of parts and folds.
Unfold the strip and check that there are four equal parts and three folds.
Ask them to identify quarters.
Repeat this process at least twice more and record the results in a table.
Slide 58: Folding patterns
Once the table is complete ask participants to describe and explain the patterns in the table. You can download Patterns in the Table which gives a completed table and some discussion points.
Note especially the doubling pattern in the second column and the way in which unitary fractions are named.
Able participants could be asked to predict the 10th row of the table.
Slide 59
Now that you have nearly completed this module, consider this question that was posed to you at the beginning. Either in small groups, or as a whole, share your thoughts, ideas and wonderings with each other in beginning to answer this questions. 
Summary
Did we achieve the learning outcomes? 
How do we know? 
Do we need any more information?
What will I try in my classroom?
Module 4: Growing patterns	INFORMATION FOR TEACHERS



Module 5
Patterns in shapes
Some shapes are 'random', but others are patterns.
Resources
Copies of ‘Patterns and their applications in the Australian Curriculum: Mathematics’ (if not already discussed in another module)
At least six different pattern blocks for each participant
Paper and pens for recording responses for each participant
Copies of the Triangle tessellation
Presenter notes
Slide 6
Have participants consider this question both now and as they progress through the module. 
Focus Question
How can we move learners from recognising shapes with regular boundaries to classifying shapes according to geometric properties?
Have a discussion about the types of geometrical shapes that the participants already know about.
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progress.
Slide 7
Look at these two shapes.
The shape on the left is a scribble—there is no regularity to it. But the shape on the right definitely has some structure. 
Ask “What are some of its properties?” Participants might respond with:
· the opposite sides are parallel and the same length
· all the angles are equal
· it is symmetrical about vertical and horizontal mirror lines.
These properties are like rules that tell you how the shape is made. So this shape has a definite pattern.
An exploration of shapes and their properties should therefore be included in patterning activities.
Many of these shapes (like the rectangle above) can be found everywhere around us; others may be constructed using the ideas that arise in exploring our environment.
Shapes can also be used as units in repeating patterns and growing patterns.
Slides 8–10: The language of shapes
Pattern blocks provide an excellent introduction to some basic geometrical concepts and every early mathematics classroom should have a plentiful supply.
Pattern blocks may be used to introduce students to some basic geometrical concepts that arise from the patterns within the shapes. 
Activity
Give each participant a set of six different blocks and ask them to discuss the following questions.
· Look at each block in turn. What is regular about it?
· Choose any two blocks. What is the same about them? How are they different?
· Sort the pattern blocks into groups. What is the same about all the blocks in each group?
When describing the pattern blocks it is initially best to use everyday language such as:
· length
· edges
· corners
· triangle
· square
· straight
· same
Construct a table which captures each of the features of each of the pattern blocks. What conclusions can be drawn?
Slide 11
Notice that the term 'regular polygon' has a special meaning in geometry; it is a polygon with all sides and angles equal. In that sense, only the triangle, square and hexagon are regular polygons. Nevertheless, the other figures do have some regularity.
Geometric language can now be introduced including:
· side
· vertex
· angle
· congruent
· perpendicular
· parallel
· symmetrical
· acute
· obtuse
· regular
· rhombus
· trapezium
· hexagon
Now revisit the table you constructed previously. Can you make adaptions to your table which uses geometric language to better describe the properties of the pattern blocks? 
Slide 12
Triangles tessellate.
Look at the separate triangles. Half of the triangles are 'point up' and half are 'point down'. But they are all exactly the same size and shape — that is, they are congruent.
There are other geometrical concepts hidden in the tessellation.
Activity
Hand out a copy of the triangles tessellation to each participant (or each pair or small group). Ask them to identify some other geometrical concepts. You may need to use prompting words such as parallel and similar triangles. 
Ask each group to share their findings. 
Slide 13
Did they identify that there are three sets of parallel lines, some horizontal, some sloping up to the right, and some sloping up to the left?
How many similar triangles could they identify?
Each of these has the same shape as the small triangle, but their sides are two, three or four times as long and each triangle contains four, nine or sixteen small triangles. 
Activity
Hand out another copy of the triangles tessellation to each participant (or each pair or small group). Ask them to identify the angle relationships. 
Ask each group to share their findings. 
Slide 14
Six triangles fit around each 'point' of the tessellation.
At each point, there are six corners, consisting of two copies of each corner of the triangle — three on one side of a line and three on the other side.
In other words, the three corners of a triangle together make up a straight line.
Slide 15
Now that you have nearly completed this module, consider this question that was posed to you at the beginning. Either in small groups, or as a whole, share your thoughts, ideas and wonderings with each other in beginning to answer this questions. 
Summary
Did we achieve the learning outcomes? 
How do we know? 
Do we need any more information?
What will I try in my classroom?
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