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Open Questions
Module 2 – How to develop and use open questions
Information for facilitators 
Open questions are intended to encourage students to think creatively, whilst also using the Australian Curriculum: Mathematics Proficiencies of mathematical understanding, fluency, reasoning and problem-solving skills to provide a number of answers to the questions. These skills can be further improved when teachers ask follow-up questions that extend students’ thinking. Open questions allow students to apply their own ideas, thoughts and feelings, rather than attempting to regurgitate what they think the teacher wants to hear. As a consequence, they are more likely to learn mathematics in an interesting and engaging way while developing the skills required to succeed.
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.


The nature of open questions was covered in Module 1, so refer to this for more information such as “What is an Open Question” if not covered prior to Module 2.
[image: ]These notes are written to support the delivery of the Open Questions Module 2. It is recommended that you read them and any supporting materials thoroughly prior to presenting the PowerPoints.
[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 PowerPoints and deciding whether or not to use the additional activities.

About these modules
This resource was developed by
Ann Ruckert, Darius Samojlowicz and Libbie Spohn
It is suitable for
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 slideshows (available as PowerPoints and PDFs)
This module
Is designed to consolidate the development and use of open questions in the mathematics classroom. It will take approximately one hour to complete the basic module.
Learning outcomes (addressed in Slide 2)
Participants should be able to:
· Develop and implement open questions in the mathematics classroom.
· Associate the use of open questions with student engagement through the Proficiencies of the Australian Curriculum: Mathematics.
[bookmark: _Hlk491349440]For further support with designing open questions and challenging tasks you may like to refer to: Peter Sullivan presentation – Create your own lessons PowerPoint, retrieved from http://resources.australiancurriculum.edu.au/proficiencies/ .
Please note that this additional resource is a product of ACARA and is likely to take over an hour to complete on its own. You may consider incorporating this resource at another time or use it in conjunction with the Open questions module ensuring you allow enough extra time.
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
[bookmark: _GoBack]Background
[bookmark: _Hlk491426101]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. This requirement is emphasised more heavily in New South Wales, through the graphical representation of the mathematics syllabus content, which strategically places Working Mathematically (the proficiencies in NSW) and problem solving, at its core. 
Attard (2017). Promoting Creative and Critical thinking in Mathematics and Numeracy. retrieved from https://engagingmaths.co/2017/06/25/promoting-creative-and-critical-thinking-in-mathematics-and-numeracy/
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 v8.2, 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)
This module has been developed to investigate ways to develop and implement open questions in the mathematics classroom, to promote engagement through the proficiencies.
[image: ][image: ]Prior to presenting the PowerPoint, distribute the pre-reading, “Using questioning to stimulate mathematical thinking” by Jenni Way from NRICH.
	If Module 1 has not been viewed prior to Module 2, or this is shown at a later stage than Module 1, then at the beginning of this presentation you should show the participants the video, Opening Up Math, by Jo Boaler from https://vimeo.com/76884124. This video was in slide 20 of Module 1 and may be a way of informing or reminding participants of the issues this presentation highlights.
The video originates from the YouCubed website. You can download it from Vimeo so that you are not susceptible to internet outages.
The growing squares problem on the video is also available from: https://www.youcubed.org/task/squares-upon-squares/  
Lead a discussion about the ways the participants think closed questions can be converted to open questions. Ensure that participants consider some of the strategies presented by Dan Meyer (TED talk from March 2010 entitled: Math class needs a makeover, retrieved from: https://www.ted.com/talks/dan_meyer_math_curriculum_makeover) and in the pre-reading from Module 1. Do they have other strategies that are worth sharing?


Resources
Paper and pens for recording responses for each participant
Whiteboard and markers for recording
Handout: Pre-reading: Can be accessed from Nrich: “Using questioning to stimulate mathematical thinking” by Jenni Way (2011) from Nrich (download from https://nrich.maths.org/2473 )
Download 2: Peter Sullivan presentation – Create your own lessons PowerPoint, ACARA retrieved from http://resources.australiancurriculum.edu.au/proficiencies/ .
References
· Jo Boaler (2016) How you can be good at math, and other surprising facts about learning TEDx Talks. Retrieved from https://www.youtube.com/watch?v=3icoSeGqQtY 
· Marian Small. Mathletics Bites: What does an open-ended task look like? Retrieved from https://vimeo.com/192797186 
· Marian Small (2012). Good Questions: Great Ways to Differentiate Mathematics Instruction (2nd ed.) New York: Teachers College Press. 
· Sullivan & Lilburn (2004). Open-ended maths activities: Using ‘good’ questions to enhance learning in mathematics (2nd ed.). South Melbourne, Victoria: Oxford University Press. 
· Sullivan, P., Mousley, J. and Zevenbergen, R. (2006). Developing guidelines for teachers helping students experiencing difficulty in learning mathematics, in Identities, cultures and learning spaces: proceedings of the 29th annual conference of the Mathematics Education Research Group of Australasia, held at Rydges Lakeside Hotel, Canberra, 1-5 July 2006, MERGA, Pymble, N.S.W., pp. 496-503. Retrieved from http://dro.deakin.edu.au/eserv/DU:30009740/mousley-developingguidlines-2006.pdf 

[image: ]Slide 3: Focus Question
Have participants consider this question either in small groups or as a whole sharing their thoughts, ideas and wonderings with each other in beginning to answer this question now and continue as they progress through the module. 
Focus Question:
What can we do, as teachers, to develop and implement open questions in the mathematics classroom so that student engagement is promoted through the proficiencies?
This question will be asked at the end of the module for participants to share how their thoughts and ideas have progressed.
Slide 4: Designing open questions
When designing open questions, it is important to keep these considerations in mind:
· The questions must be mathematically meaningful.
· They must address important curriculum goals.
· They are equally accessible to all students (low-entry, high ceiling).
· They can be completed in a reasonable length of time.
· They are often open-ended and contextualized.
Slides 5 – 6: Open question starters
[image: ]These two slides contain some ways/ideas to ask open questions. 
If time permits, you could run an activity here, where participants are asked to develop tasks or activities for which they can use these open question starters.
[image: ]Or you might prefer to lead a discussion, using the following prompt:
Have participants used any of these question starters? Ask them to share some of the questions that they may have asked with these question starters.
Slide 7: ‘Opening up’ maths questions
This slide details two methods by which open questions can be constructed for any topic and any grade level. It is important to plan the questions before they are required. Either method can be used, the choice is up to individual preferences.
The resource, Sullivan & Lilburn (2004). Open-ended maths activities: Using ‘good’ questions to enhance learning in mathematics (2nd ed.). South Melbourne, Victoria: Oxford University Press, contains hundreds of open questions, linked to the Australian Curriculum strands and appropriate for primary students, that are a good starting point.
Two other useful sources of strategies to ‘open up’ mathematics questions (with some overlap) are:
Peter Sullivan presentation – Create your own lessons PowerPoint, ACARA retrieved from http://resources.australiancurriculum.edu.au/proficiencies/ .
Peter Sullivan (2013) Eight strategies for dealing with differences in student readiness to learn mathematics. Retrieved from https://www.mav.vic.edu.au/files/conferences/2013/H15_Peter_Sullivan_-_Eight_Strategies_for_Dealing_with_Differences_in_Student_Readiness.pdf 
To support this slide, you could show the participants Dan Meyer’s TED talk from March 2010 (if they haven’t seen it) entitled: Math class needs a makeover. The URL is: https://www.ted.com/talks/dan_meyer_math_curriculum_makeover. In this video, Dan goes through a process of adapting a standard textbook question.
Slide 8: Working backwards
Usually, in order to create open questions or problems, the teacher has to work backwards; this is a three-step process involving the following steps:
· Identify the mathematical idea/concept.
· Write the answer to a relevant closed question.
· Design an open question that includes (or addresses) the answer.
Work backwards from the answer. Begin with a closed task. Calculate the answer, then work backwards and using the context of the question, create a question that would allow multiple responses to achieve the same answer.
STRATEGIES to convert closed problems/questions include:
· Turning around a question
For example:
· CLOSED: What is half of 18? versus
OPEN: 9 is the fraction of a number. What could the fraction and the number be? Explain.
· CLOSED: Find the difference between 48 and 9. versus
OPEN: The difference between two numbers is 39. What might the numbers be? Explain your thinking.
· CLOSED: Round 2.8737 to one decimal place versus 
OPEN: A number has been rounded to 2.9. What might the number be?
· CLOSED: There are 14 apples on the table and some in a basket. In all there are 45 apples. How many apples are in the basket? versus
OPEN: There are some apples on the table and some in a basket. In all there are 45 apples. How many apples might be on the table? Explain your thinking.
· Asking for similarities and differences.
For example:
· Choose two numbers, shapes, graphs, probabilities, measurements etc. and ask students how they are alike and how they are different.
e.g.: How are 95 and 100 alike? How are they different?
· Possible answers:
They are alike because you can skip count by 5s, both are less than 200, both are greater than 90 etc.
They are different because one is a three-digit number, only one ends in 5, only one is greater than 99 etc.
· e.g.: How are the numbers 6.001 and 1.006 alike? How are they different?
· Asking for explanations.
For example:
· Compare two fractions with different denominators. Describe how you compare them.
· 4 is a factor for two different numbers. What else might be true about both numbers?
· Creating a sentence
For example:
· Students are asked to create a mathematical sentence that includes certain numbers and words.
· e.g.: Create a sentence that includes numbers 3 and 4 along with the words “more” and “and”.
Possible answers:
· 3 and 4 are more than 2
· 3 and 4 together are more than 6
· 34 and 26 are more than 34 and 20 etc.
· e.g.: Create a question involving multiplication or division of decimals where the digits 4, 9, and 2 appear somewhere.
· e.g.: Create a sentence involving ½ and 64 and the words “less” and “twice as much”.
· Using ‘soft’ words (e.g. close to, almost, etc)
For example:
· Using the word “close” (or other equivalents) allows for a richer, more interesting mathematical discussion.
· e.g.: You multiply two numbers and the product is almost 600. What could the numbers have been? Explain.
· e.g.: Add two numbers whose sum is close to 750. What can the numbers be? Explain.
· e.g.: Create two triangles with different but close areas. (*instead of, “Create a triangle with an area of 20 square centimetres.”)
Retrieved from https://ateacherswonderings.wordpress.com/2014/09/13/open-ended-tasks-and-questions-in-mathematics/ 
Slide 9: Try converting these closed questions to open questions
[image: ]Ask participants to convert the four closed questions on the slide to open ones. Remind them that there is no one correct open question and the ones below can be used as a guide, without being definitive.
	Closed questions
	Suggested open questions 
(not the only ones possible)

	1. I went shopping with $10. I spent $4 at the newsagent, $2 at the post office and $1 at the lolly shop. How much money did I have left?
	1. I spent twice as much at the newsagent as I did at the post office and half as much at the lolly shop as I did at the post office. If I went shopping with a $10 note, how much money might I have left?

	2. Calculate 25 x 42
	2. Calculate 25 × 42 in two different ways. Compare your ways with those of your friend.

	3. Calculate the volume of a rectangular prism with a height of 2.1m, depth of 4.5m, and width of 3.8m.
	3. Make a word problem where one needs to calculate the volume of a rectangular prism in order to solve it. (One idea is to use a pool, for example.) As an extension: What if the floor of the pool is gradually sloping? How do you find its volume then?

	4. Calculate 5-2
	4. Write a pattern using positive, zero, and negative exponents, using your chosen base. Try different kinds of bases! (whole number, zero, one, negative, even fractional base...)


[image: ]Slide 10: Answer these questions
Pose the questions on this slide to the participants and allow them time to complete each question. They could do this individually or with a partner/small group.
To save time you can download/print the question page, cut it into the individual questions and give each group a different question to work with. It is useful to have concrete materials available (e.g. blocks).
Pose these questions to the participants and allow them time to complete each activity. They could do this individually or with a partner/small group.
Slide 11: Discussion point
[image: ]Lead a discussion in which the members of each table group address the discussion starters on the slide:
· What range and variety of answers were obtained in your group?
· What range of mathematical skills were required to answer each of the questions?
· Would these questions allow you to determine what your students know and understand? (in a different way from what the equivalent closed questions may have revealed)
· Do you feel that your students’ problem-solving and reasoning skills would be enhanced by working with these questions?
Once the groups have had sufficient time to discuss these questions, open the discussion up to all participants.
Slide 12: Adapting a standard textbook question
Adapt a standard closed question from a text or other resource to transform it into an open question. You might think in terms of Jeopardy: "Here's the answer; what could my situation be?" Once again there are three steps:
· Identify the mathematical idea/concept.
· Think of a routine textbook item question
· [image: ]Adapt it to make an open question 
If time permits, ask the participants to have a look at Dan Meyer’s 101 Questions (http://www.101qs.com/ddmeyer) which is a useful source of these types of questions in more depth. They might like to use some of these in their lessons until they feel comfortable writing their own open questions.
Slide 13: Adapting a standard textbook question
[image: ]Ask participants to convert the three closed questions on the slide to open ones. Remind them that there is no one correct open question and the ones below can be used as a guide, without being definitive.
	Closed questions
	Suggested open questions 
(not the only ones possible)

	1. What are the factors of 36?
	1. Find a number under 100 that has lots of factors.

	2. If four friends want to share 6 chocolate bars, how many will each friend get?
	2. My friends and I shared some chocolate bars and I ended up with 1½. How many friends could I have, and how many entire chocolate bars would we need for each of us to get 1½?

	3. Ten birds were in a tree. Four flew away. How many were left?
	3. Ten birds were in a tree. Some flew away.  How many flew away and how many were left in the tree?


[image: ]
Lead a discussion in which participants share their feelings about adapting closed questions to open. Consider:
· Do they feel that they are gaining competence and confidence in adapting these questions, as we progress through the professional learning module?
· How they feel about using open questions with their students?
· Do they feel that open questions can be used to support their students’ effective learning in mathematics?
Slide 14: Tip of the iceberg problems
One way of adapting a standard textbook question is by removing data from questions/problems or by using hidden assumptions. These can be referred to as ‘Tip of the iceberg problems’.
[image: ]Ask the participants to answer the problems posed on the slide. Download/print the question page, cut it into the individual questions and give each group a different question to work with. It is useful to have concrete materials available (e.g. blocks).
If you wish, you could also give them Professor Peter Sullivan’s open question that is included below.
[image: ]Lead a brief discussion in which participants share how these questions are similar to and different from the previous open questions that they have answered so far.
A classic version of this, used by Professor Peter Sullivan follows:
The original question: 337 + 456 =
Open version: On a train trip I was working out some distances. I spilt some soft drink on my paper and some numbers disappeared. My paper looked like this:
	
	3
	
	7

	+
	
	
	6

	
	7
	9
	


What might the missing numbers be?
Sullivan & Lilburn (2004). Open-ended maths activities: Using ‘good’ questions to enhance learning in mathematics (2nd ed.). South Melbourne, Victoria: Oxford University Press. p6.
Slide 15: Discussion point
[image: ]Lead a discussion in which the members of each table group address the discussion starters on the slide:
· What range and variety of answers were obtained in your group?
· What range of mathematical skills were required to answer each of the questions?
· Would these questions allow you to determine what your students know and understand? 
· Do you feel that your students’ problem-solving and reasoning skills would be enhanced by working with these questions?
Once the groups have had sufficient time to discuss these questions, open the discussion up to all participants.
[image: ]Slide 16: Consider this question
Ask participants to answer the following question, which has a number of hidden assumptions in it, in small groups:
My best friend and I went shopping for a dress each to wear to a wedding. The boutique had a sale – “Buy three, get the cheapest free”.
I found a gorgeous dress for $360 and my friend chose one that cost $495.
I then found a second dress to wear to my mother’s birthday party for $275.
· How much should my friend and I each pay 
(give two options)?
· Explain which option is fairer.
The responses to this question will vary from participant to participant, depending to a large extent on their personal experiences. For this reason, the most important part of the question is the last section – explain which option is fairer.
[image: ]Slide 17: Discussion point
Lead a discussion in which participants address the following discussion starters in their table groups and then with all colleagues:
· What concepts are being addressed?
· Is there a ‘right’ answer?
· Would these questions allow you to determine what your students know and understand?
· How might you support students:
· For whom this task is too challenging
· Who complete this quickly – how might they be extended?
Slides 18 - 19: Mathematics version of a cloze passage
Many primary school students have experienced cloze passages in their English lessons (a reading comprehension activity in which words are omitted from a passage and students are required to fill in the blanks). Secondary students may experience cloze passages in a number of their subjects, including science. The mathematics version of a cloze passage contains missing numbers and can be written so that both primary and secondary mathematics students are appropriately challenged. These open-ended problems can have many answers and require that students are able to:
· compute and perform basic arithmetic operations
· make realistic assumptions and decisions involving reasoning in order to find the answers
· represent the question’s structure by identifying the quantities and the relationships between them
· make a decision and justify it
· realise that there is more than one way to solve these types of questions and choose an effective strategy that suits them best
· share and explain their thinking and reasoning with their peers, so that different strategies for solving the same problem are made explicit.
[image: ]Ask the participants to complete the questions on the slides individually and then to share their strategies and answers with their colleagues
Slide 20: Discussion point
[image: ]Lead a discussion in which the members of each table group address the discussion starters on the slide:
· What range and variety of answers were obtained in your group?
· What range of mathematical skills were required to answer each of the questions?
· Would these questions allow you to determine what your students know and understand?
· Do you feel that your students’ problem-solving and reasoning skills would be enhanced by working with these questions?
Once the groups have had sufficient time to discuss these questions, open the discussion up to all participants.
[image: ]Slides 21 & 22: Do it yourself…
If time permits, ask participants to work individually or in small groups to adapt a/some closed questions that they would normally use in class (from a textbook, worksheets, etc) into open questions, using any of the strategies they have experienced during the presentation.
Remember that the requirements of designing open questions were listed in slide 4 and are:
· Mathematically meaningful.
· Address important curriculum goals.
· Equally accessible to all students (low-entry, high ceiling).
· Completed in a reasonable length of time. 
· Often open-ended and contextualised.
This can also be done after the presentation and brought back to the next scheduled professional learning session for sharing.
[image: ]Ensure that there is time allowed for a sharing and deep analysis of questions that have been generated, as this is a chance for those participants who may not feel confident to gain a deeper understanding of the process.
Slide 23: Where to next?
This completes Module 2 – How to develop and use open questions.
The concept of asking open questions in mathematics classes is extended in the two modules under the title, Rich Tasks. In these modules, participants will be led through the evolution of open questions into rich tasks.
[image: ]Slide 24: Conclusion
Now that everyone has completed this module, consider the focus question posed at the beginning of the presentation.
“What can we do, as teachers, to develop and implement open questions 
in the mathematics classroom so that student engagement is promoted through 
the proficiencies?”
[image: ]Ask everyone to share their thoughts, ideas, wonderings with each other and record responses for dissemination amongst the group.
Do they feel that the Australian Curriculum Proficiencies of mathematical understanding, fluency, reasoning and problem-solving skills are addressed and student engagement likely to be promoted by using a variety of carefully designed open problems?
Slide 25: Learning outcomes (revisited)
Participants should be able to:
· Develop and implement open questions in the mathematics classroom.
· Associate the use of open questions with student engagement through the Proficiencies of the Australian Curriculum: Mathematics.
This slide has been included so that participants are reminded of the learning outcomes expressed at the beginning of the presentation, before considering the questions on slide 26.
[image: ]Slide 26: 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.
Slide 27: 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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