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Rich Tasks
[bookmark: _GoBack]Module 1 – What is a rich task?
Information for facilitators 
Rich mathematical tasks have “a range of characteristics that together offer different opportunities to meet the different needs of learners at different times”, (Piggott, J. 2011. Rich Tasks and Contexts, retrieved from https://nrich.maths.org/5662). 
Rich tasks take time. They encourage students to use the proficiencies; mathematical understanding, fluency, reasoning and problem-solving to provide a number of responses. Rich tasks require students to ‘think outside the box’ while also giving them a context in mathematics. The classroom culture, the manner by which the teacher uses support and questioning, and the ‘roles’ students adopt within the task are all important in ensuring that a rich task is used successfully with students.
These facilitator notes have been written to provide support for the group of people in schools who have some responsibility for professional learning in mathematics, such as:
· heads of faculties or learning areas in secondary schools;
· numeracy or mathematics coordinators; 
· deputies or principals in primary schools. 
The materials (the Facilitator Guide and PowerPoint presentations) are designed to be used by school-based leaders working with teams of teachers. The modules include opportunities for teachers to discuss issues, apply new approaches in the classroom and reflect on their experiences – all strategies for building a positive professional culture in the school. The Facilitator’s Guide provides support for local leaders to use the modules effectively and with confidence.
[image: ]These notes are written to support the delivery of the Rich Tasks Module 1. It is recommended that you read them and any supporting materials thoroughly prior to presenting the PowerPoint.
[image: ]It is also worth completing the activities yourself to ensure that you are aware of any issues that might arise. You may decide to exclude some activities depending upon the interests and backgrounds of the participants. There are places in the PowerPoint where additional activities have been suggested, time allowing. Make sure that you are conversant with these prior to presenting the PowerPoint and deciding whether or not to use the additional activities.

About this module
This resource was developed by
Ann Ruckert
It is suitable for
[bookmark: _Hlk491425700]The activities and examples have a F-10 focus however the strategies are relevant for teachers of mathematics of all year levels. 
The resources for this module include
Facilitator guide
The session slideshow (available as PowerPoint and PDF)
Download 1: Handout (Slide 4) Discussion questions - A mathematician's lament
[bookmark: _Hlk491425889]This module
Is designed as an introduction to exploring rich tasks in the mathematics classroom. It will take approximately one hour to complete the basic module.
Learning outcomes (addressed in Slide 2)
[bookmark: _Hlk491426060]Participants should be able to:
· Identify the characteristics that make a mathematical task rich.
· Recognise and describe the role of rich mathematical tasks in the active learning of students.
AITSL Standards addressed
Standard 1:		Know students and how they learn
1.2	Understand how students learn
1.5	Differentiate teaching to meet the specific learning needs of students across the full range of abilities.
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 3:		Plan for and implement effective teaching and learning
3.3	Use teaching strategies
Standard 6:		Engage in professional learning
	6.2	Engage in professional learning and improve practice
6.3	Engage with colleagues and improve practice
6.4	Apply professional learning and improve student learning
Background
[bookmark: _Hlk491426101][bookmark: _Hlk491426486]The Australian Curriculum (ACARA, 2017) requires teachers to address four proficiencies: Problem Solving, Reasoning, Fluency, and Understanding. Problem solving and reasoning require critical and creative thinking. 
The proficiency strands describe the actions in which students can engage when learning and using the content. They are an integral part of mathematics content across the three content strands: number and algebra, measurement and geometry, and statistics and probability. While not all proficiency strands apply to every content description, they indicate the breadth of mathematical actions that teachers can emphasise. They empower students to use mathematical strategies to make informed decisions and efficiently solve problems when responding to familiar and unfamiliar situations. (Australian Curriculum v8.3, ACARA) 
The proficiencies reinforce the significance of working mathematically within the content and describe how the content is explored or developed. They provide the language to build in the developmental aspects of the learning of mathematics. The achievement standards reflect the content and encompass the proficiencies. (Australian Curriculum v8.3 F–10 Curriculum)
In the Australian Curriculum, capability encompasses knowledge, skills, behaviours and dispositions. Students develop capability when they apply knowledge and skills confidently, effectively and appropriately in complex and changing circumstances, in their learning at school and in their lives outside school. ACARA (2017) accessed from http://australian-curriculum.org/generalcapabilities/overview/introduction .
The utilisation of rich tasks in the mathematics classroom encourages critical and creative thinking as well as supporting numeracy and literacy. The other four General Capabilities may also be addressed and assessed by the use of rich mathematical tasks. 
This module and the following module have been developed to investigate ways to develop and implement rich tasks in the mathematics classroom, to promote engagement through the proficiencies, while also supporting the development of the capabilities.
[image: ]Prior to presenting the PowerPoint, distribute the pre-reading, “A Mathematician’s Lament” by Paul Lockhart (2002), retrieved from https://www.maa.org/external_archive/devlin/LockhartsLament.pdf 
Ask participants to read pages 1 – top p 3, especially, but the whole essay if they have time before attending the professional learning presentation. This essay, written in 2002, was written as a critique of maths teaching in the USA (but applies, in many ways, to maths teaching in Australia too). Lockhart claims that school mathematics stunts students’ creativity and engagement through a ‘sterile set of facts to be memorized and procedures to be followed’. Participants have been requested to read the first two (and a bit) pages, where the teaching of music and art is described as being undertaken in a similar process to the way much school maths is.
Afzal Ahmed, one-time Professor of Mathematics at Chichester UK once quipped:
“If teachers of mathematics had to teach soccer, they would start off with a lesson on kicking the ball, follow it with lessons on trapping the ball and end with a lesson on heading the ball. At no time would they play a game of football.”
From Building a Working Mathematically Curriculum Maths 300, retrieved from http://www.maths300.com/wmcurric.htm 
Resources
Paper and pens for each participant
Whiteboard and markers for recording
Handout: Pre-reading: Lockhart, P. (2002). A Mathematician’s Lament. accessed from https://www.maa.org/external_archive/devlin/LockhartsLament.pdf 
Handout: Discussion questions - A mathematician's lament
Download 1: The Pedagogic Shift – this very short animation originates from Teaching and Learning in South Australia, through Results Plus 2017 (DECD) https://www.youtube.com/watch?v=T89w425DDlE 
Download 2: Help! Cat music video from https://www.youtube.com/watch?v=CMzW3LIkNLA 
Download 3: Cats and kittens 2-slide PowerPoint from http://www.bowlandmaths.org.uk/materials/assessment/tasks/office/cats_and_kittens_slides_v3_1.ppt
Optional download: Cats and kittens pdf from http://www.bowlandmaths.org.uk/materials/assessment/tasks/pdf/cats_and_kittens_v3_1.pdf or Word document from http://www.bowlandmaths.org.uk/materials/assessment/tasks/office/cats_and_kittens_v3_1.doc 
Download 4: Folding and cutting video – Dr Katie Steckles from https://www.youtube.com/watch?v=N0rgqfNoAwI
Download 5: Fold and Cut Theorem video - Dr Katie Steckles (cut a square hole in the centre of a sheet of paper with just a single cut) from https://www.youtube.com/watch?v=G8SoJ530JAs 
· [bookmark: _Hlk491349571]

[image: ]Slide 3: Moving from open questions to rich tasks
This slide can be used to review the concepts covered in the two Open Questions professional learning modules.
Lead a discussion in which participants work in their groups to consider the following questions:
1. What makes a maths question open?
2. In what ways is it beneficial for student learning to use open questions in the maths classroom?
3. What strategies have you used to open up the questions used in your mathematics classrooms?
Open questions:
· A minds-on open question is not a long activity, but engenders discussion that will put students in the right frame of mind for the action task. http://www.onetwoinfinity.ca/wp-content/uploads/2016/10/MultiageA.pdf 
· What does it mean to change a math problem from being CLOSED to being OPEN? Essentially, the problem changes from having just one correct answer to having several.
· Provide a viable option for differentiation.
· One question can meet the needs of many learners because the question is not overly tight and so benefits a broader range of students.
Slide 4: A Mathematician’s Lament
[image: ]Hand out the Mathematician’s Lament discussion questions and ask participants to consider these in small groups. It might be worthwhile asking each group to consider a different question and allocating approximately 5 minutes for group discussion and another 5 minutes for sharing of group responses.
The Mathematician’s Lament was the pre-reading for this module. It has been used as an introduction to rich tasks, as Lockhart’s essay advocates for the teaching of school mathematics through the ongoing use of meaningful problems rather than ‘joyless and redundant exercises’ reliant on the use of algorithms and techniques that make little or no sense to students.
Lockhart says “The first thing to understand is that mathematics is an art.” There is an entire website dedicated to discovering the art of mathematics at http://artofmathematics.org/ featuring inquiry-based approaches to teaching mathematics using mathematics for liberal arts as one focus.
[image: ]Slide 5: The pedagogic shift
[image: ]This very short animation originates from Teaching and Learning in South Australia, through Results Plus 2017 (DECD) and can be retrieved from: https://www.youtube.com/watch?v=T89w425DDlE 
Ask participants to record the differences observed and discuss these.
The transcription of the video being shown to participants (The pedagogic shift) follows: 
	“This ‘shift’ requires adaptive change, significant unlearning of old ways of teaching as transmission;
from current pedagogy of Told  Shown why  Shown how  Practice using the formula; 
to pedagogy that ‘gets kids thinking’. Start with their opinion  probe their opinion  direct their mathematical noticing  activate transfer and generalisation  settle the learning.”


It is worth stopping the video at each of the two types of pedagogy (teaching as transmission vs getting kids thinking) so that participants can clearly notice the differences. Ask them to record the differences they observe and discuss these.
Notice how a traditionally taught concept is altered to become far more student-oriented.
Which type of pedagogy is most common in their maths classroom?
If it’s the first one, how comfortable do they feel about giving students more autonomy over their learning, as is demonstrated with the second type of pedagogy?
With the first type of pedagogy, maths is perceived as a performance subject. With the second type, maths is perceived as a learning subject, which is what we really want in our classrooms. This changes students’ thinking from “I’m finding an answer” to “I’m thinking, learning and growing”.
[image: ]Slides 6 - 11: Activity
The task on this and the following slides is taken from the Maths300 resources. It begins as an open question and can be extended to become richer and richer.
This is Activity Number 31 in Maths300; Resource name: Fay's Nines; AC Strand: Algebra, Number; Year levels: 4, 5, 6, 7, 8, 9, 10, 11.
Subscribers to Maths300 have access to approximately 200 high quality rich tasks (with more planned), each of which is suitable for use with a large range of year levels, therefore being easily accessible to students with scope for extension (low entry, high ceiling).
In this activity participants start with 9 pieces of paper that they have torn up and labelled with the digits 1 to 9. They are asked to place the pieces of paper into a 3 by 3 grid so that, when added together, they sum to 999.
Ask participants to record their first (and subsequent) solutions publicly. As the solutions appear on the board you may notice other participants informally scrutinising them. 
They are clearly looking for patterns to help them unlock a strategy to assist the search. This is a major reason for collecting all the results.
Informal observations may lead to statements like:
· You can't do it without carrying.
· The last column has to add to 19.
· All the big numbers seem to be in the last two columns.
Participants are asked about the number of possible solutions. There are 180 solutions (not counting simple shifts of the same three digits).
They are then asked to think about the probability of finding a solution at random. This is where the factorial operation is useful. There are 9! combinations of the 9 digits into the 9 squares. This is 362,880. Given 362,880 different combinations and knowing there are 180 solutions, then the probability of a solution found at random is 1 in 2,016.
There are several other outcomes from the lesson.
· A focus on the basic arithmetic skills that are used in solving the puzzle.
· A connection to other topics such as combination theory.
· A focus on the various strategies that may help unlock the logic behind the puzzle.
· The power of computers to test many combinations quickly.
· The effectiveness of a group working together to solve the problem.
· The algebraic modelling of the task for senior students.
If your school has a Maths300 membership you can access and try the other 'nines' problems in the Extra Investigations handout.
This rich task could take the rest of the time available to you in which to run through the presentation. Keeping in mind what other activities are included in the presentation, it is worth limiting time spent on this activity to 10 minutes (those participants who wish to continue could be given a printout of the relevant slides to take away).
[image: ]Slide 12: At what point does an open question become a rich task?
Lead a discussion in which participants consider the following questions:
· How could you phrase the original open question?
· What was added to the original question that caused it to become a rich task?
[image: ]Slide 13: What is a rich mathematical task?
Ask participants to consider and discuss the two questions on the slide:
1. What do you understand the term ‘rich task’ to mean/imply?
2. Why is it beneficial for students to work with rich tasks in the maths classroom?
Rich mathematical activity suggests active student learning. It requires teachers to select purposeful tasks and plan questioning that encourages all learners to show what they know and to extend that learning. Different tasks can be used to cultivate different types of skills and thinking yet all tasks should be about 'doing mathematics' http://xtec.cat/centres/a8005072/articles/rich.pdf 
Slide 14: What is a rich mathematical task?
This slide shares one of Nrich’s descriptions of what makes a rich task.
“I would describe a rich task as having a range of characteristics that together offer different opportunities to meet the different needs of learners at different times.
What is also apparent to me is that much of what it takes to make a rich task "rich" is the environment in which it is presented, which includes the support and questioning that is used by the teacher and the roles that learners are encouraged to adopt.”
Jennifer Piggott (2008) Rich Tasks and Contexts. Retrieved from http://nrich.maths.org/5662 
Another description, also from Nrich is that a rich mathematical task:
· Opens up mathematics.
· Changes mathematics:
· from a set of memorised facts and algorithms
· to a living, connected whole, incorporating problem-solving and reasoning strategies.
· Allows the learner to deeply engage with mathematics.
· Leads to an interesting, engaging and powerful learning process.
· Is much more likely to lead to long-term integration of the mathematics for further study and application.
Steve Hewson (2011) What is a Mathematically Rich Task? Accessed from http://nrich.maths.org/6299 
Slide 15: Why teach by using rich mathematical tasks?
Again, from the Nrich website:
“Current research evidence indicates that students who are given opportunities to work on their problem-solving skills enjoy the subject more, are more confident and are more likely to continue studying mathematics, or mathematically related subjects, beyond the age of 16.”
Steve Hewson (2011) What is a Mathematically Rich Task? Accessed from http://nrich.maths.org/6299 
There is also evidence that they do at least as well in standard tests such as Year 12 external exams.
And, Paul Lockhart adds:
Mathematics is “the art of explanation”.
Teaching maths through the vehicle of rich tasks allows students to:
· Pose their own questions/problems
· Make their own conjectures
· Make their own discoveries
· Be wrong
· Be creatively frustrated
· Have inspiration (one or many)
· Compose their own explanations and proofs.
Allowing them to think mathematically and becoming creative, flexible, open-minded thinkers.
Adapted from “A Mathematician’s Lament” by Paul Lockhart (2002), retrieved from https://www.maa.org/external_archive/devlin/LockhartsLament.pdf 
Slides 16 – 17: Cats and kittens
[image: ]Cats and kittens is a rich task that can also be used as an assessment task, sourced from Bowland Maths. Bowland Maths aims to make maths engaging and relevant to pupils aged 11-14, with a focus on developing thinking, reasoning and problem-solving skills. More information is available at http://www.bowlandmaths.org.uk/about/bowlandstory.html. The aim of this task is to work out how many descendants one cat could have in 18 months. Allow some time for participants to work through the problem. The task was written for students in upper primary/lower secondary classes, and it is recommended (in the website) that students be given 45 to 60 minutes to complete the task, including writing up their arguments and reflecting on their findings, building towards a credible solution. Allow enough time for participants to gain an idea of the thinking required to work through Cats and kittens, before moving on to Slide 18 (10 minutes, maximum).
Begin the activity by showing the short (funny, but informed) video, “Help! Cat Music Video”, accessed from https://www.youtube.com/watch?v=CMzW3LIkNLA about the need to neuter cats. 
[image: ]Ask participants to discuss:
· How many descendants one female cat could produce in 18 months. 
· What information they might require before being able to give a reasonable response
Then show the two-slide presentation from Bowland Maths available from http://www.bowlandmaths.org.uk/materials/assessment/tasks/office/cats_and_kittens_slides_v3_1.ppt 
When you click on the hyperlink in the Cats and kittens slide (Slide 17), you will need to click ‘OK’ to the question, “Would you like to open this file?”. Bowland Maths can be considered to be a trustworthy source.
There is a teachers’ guide available on the Bowland Maths website as both a pdf and a Word document which you can distribute to the participants to use with their students (accessed: pdf from http://www.bowlandmaths.org.uk/materials/assessment/tasks/pdf/cats_and_kittens_v3_1.pdf or Word document from http://www.bowlandmaths.org.uk/materials/assessment/tasks/office/cats_and_kittens_v3_1.doc)
[image: ]The task requires multiplicative calculations to represent changes over time
Finally lead a discussion in which participants consider what makes this task rich and what makes it low entry, high ceiling. 
Slides 18 – 19: Mathematically rich tasks
These two slides provide background information supporting why rich mathematical tasks should be included in the teaching and learning of maths.
You might ask participants to discover the links between these important student characteristics and the Proficiencies and General Capabilities (if time permits).
These animated slides share some of the ways by which rich tasks can be said to engage students in mathematical thinking and doing.
Mathematically rich tasks enable students to work mathematically by allowing them to:
· get started and explore
· pose and solve problems
· make conjectures
· work at a range of levels
· extend their knowledge
· apply their knowledge in new contexts
· work successfully with different methods
· broaden problem-solving skills
· deepen/broaden maths content knowledge
· see/make sense of underlying principles
· make connections between different maths areas
· work within interesting contexts
· observe others being mathematical
· see the role of maths in cultural settings
Adapted from https://nrich.maths.org/6299 
They also:
“encourage children to:
· think creatively, 
· work logically, 
· communicate ideas, 
· synthesise their results, 
· analyse different viewpoints, 
· look for commonalities and 
· evaluate findings. 
However, what we really need are rich classrooms: communities of enquiry and collaboration, promoting communication and imagination.” 
Accessed from http://nrich.maths.org/5662
Slides 20 – 22: One straight cut
This final rich task can be undertaken just for fun (because it is) or in an attempt to discover some of the maths behind the fold and cut theorem.
The earliest known description of a fold-and-cut problem appears in Wakoku Chiyekurabe (Mathematical Contests), a book that was published in 1721 by Kan Chu Sen in Japan.
An 1873 article in Harper's New Monthly Magazine describes how Betsy Ross may have proposed that stars on the American flag have five points, because such a shape can easily be obtained by the fold-and-cut method.
In the 20th century, several mathematicians published books containing examples of fold-and-cut problems, including Will Blyth, Harry Houdini, and Gerald Loe (1955).
Inspired by Loe, Martin Gardner wrote about the fold-and-cut problems in Scientific American in 1960. Examples mentioned by Gardner include separating the red squares from the black squares of a checkerboard with one cut, and "an old paper-cutting stunt, of unknown origin" in which one cut splits a piece of paper into both a Latin cross and a set of smaller pieces that can be rearranged to spell the word "hell". Foreshadowing work on the general fold-and-cut theorem, he writes that "more complicated designs present formidable problems".
The first proof of the fold-and-cut theorem, solving the problem, was published in 1999 by Erik Demaine, Martin Demaine, and Anna Lubiw. Thereby enter the area of computational origami.
[image: ]Ask participants to consider the question: Can any shape with straight sides be made by folding a single piece of paper and by making a single complete cut?
Then show them the video; Folding and Cutting with Dr Katie Steckles, available at https://www.youtube.com/watch?v=N0rgqfNoAwI . Dr Katie Steckles explores one of her favourite pieces of mathematics, the Fold and Cut Theorem. This video was produced as part of a project to develop resources encouraging mathematical creativity. The accompanying free online mathematical activities, games and articles are available at http://wild.maths.org (especially at https://wild.maths.org/just-one-cut ).
[image: ]Provide participants with paper and scissors and ask them to have a go at folding a single piece of paper, making a single complete cut to make:
· A square hole in the centre of the page (the video for this is available at https://www.youtube.com/watch?v=G8SoJ530JAs) 
· A triangle
· A hexagon
What other shapes can they create by folding and making just one straight cut?
The fold and cut theorem says that any collection of straight lines can be cut in this way, that is if you have a piece of paper which can be folded any number of times and scissors which can cut through any number of layers of paper.
[image: ]Lead a discussion in which participants consider:
· What it is about this task that makes it rich
· What it is about this task that makes it low entry, high ceiling.
The task is non-threatening and hands-on, encourages students (who may not have met) to talk with one another, doesn’t look like a typical maths task, accommodates a variety of problem-solving strategies, and allows us to gently start eliciting explanations of their thinking.
Dr Amie Albrecht discusses using Fold and Cut in her blog, Wonder in Mathematics, https://amiealbrecht.com/2016/05/24/fold-and-cut/ and https://amiealbrecht.com/2016/08/01/activities-for-day-one/ . The second blog is particularly worth reading as Amie goes through the possible maths content in the task and the maths thinking that might be used.
Slide 23: Learning outcomes (revisited)
Participants should be able to:
· Identify the characteristics that make a mathematical task rich.
· Recognise and describe the role of rich mathematical tasks in the active learning of students.
[image: ]Slide 24: Final thoughts
· Did we achieve the learning outcomes? 
· How do we know? 
· Do we need any more information?
· Where will we go to get it?
· What will you try in your classroom?
Lead a discussion with the participants where they consider and respond to these questions. It might be an idea to ask them to write down what they are planning to try in their classroom before moving on to slide 25.
Slide 25: The 12-day challenge
A colleague once said to me “If you don’t put an idea into practice within 12 days, you never will”.
Offer this as a challenge to trial and share one or two of the ideas that they’ve tried.
Present participants with the following challenge:
	Choose one or two ideas from today that you would like to road-test in your classroom. 
12 days… and the clock is ticking…
Take a couple of photos and share your results with your colleagues.



[image: ]You may wish to lead a discussion around what they could do and how, but ensure that the basic challenge remains in place.
It will be worthwhile to carry out some sort of follow-up to the challenge, to ensure that all participants have trialled at least one of the strategies from this session. 
One way that works well is to set up an email group where participants share photos and ideas of the strategies they have trialled with their students. If all emails are sent within the group as ‘reply all’ everyone can see what each other is doing and this creates a sense of excitement and urgency.
© The Australian Association of Mathematics Teachers (AAMT) Inc. 2016 except where otherwise indicated. This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License and available from http://dimensions.aamt.edu.au.
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