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Open Questions
Module 1 – What are open questions and why use them?
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.
[image: ]These notes are written to support the delivery of the Open Questions 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, Darius Samojlowicz and Libbie Spohn
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 PowerPoints and PDFs)
Download 1: Pre-reading: Bragg, L.A., & Nicol, C. (2011). Seeing mathematics through a new lens. The Australian Mathematics Teacher, 67 (3), 3 – 9.
Download 2: Handout (Slide 11) Types of questions
[bookmark: _Hlk491425889]This module
Is designed as an introduction to exploring open questions 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:
· Describe what open questions are and recognise how they differ from closed questions.
· Determine why open questions should be used in the mathematics classroom.
· Associate the use of open questions with student engagement through the Proficiencies of the Australian Curriculum: Mathematics.
[bookmark: _Hlk491336877]For further elaboration of the Australian Curriculum Mathematics Proficiencies you may like to refer to: Peter Sullivan presentation – Designing learning experiences that exemplify the proficiencies 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][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)
This module and the following module have been developed to investigate ways to develop and implement open questions in the mathematics classroom, to promote engagement through the proficiencies.
[image: ]Prior to presenting the PowerPoint, distribute the pre-reading, “Seeing mathematics through a new lens” and ask participants to read it before attending the professional learning presentation.
	Prior to working with this presentation, you could either ask participants to watch/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


[image: ]Resources
Paper and pens for recording responses for each participant
Whiteboard and markers for recording
Handout: Pre-reading: Bragg, L.A., & Nicol, C. (2011). Seeing mathematics through a new lens. The Australian Mathematics Teacher, 67 (3), 3 – 9.
Handout: Types of questions
Download 1: Peter Sullivan presentation – Designing learning experiences that exemplify the proficiencies PowerPoint, ACARA retrieved from http://resources.australiancurriculum.edu.au/proficiencies/ .
References
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[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 Questions:
What makes a ‘good’ open question? 
How do open questions help to develop 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: Teachers ask how many questions?
Teachers ask up to two questions every minute, up to 400 in a day, around 70000 a year.
Data from: Steven Hastings – TES 04.07.2003: http://teachertools.londongt.org/en-GB/resources/Questions_article_tes.doc 
[image: ]Discuss:
· What assumptions are being made in these calculations?
· Are they reasonable?
During the course of a normal school day teachers ask many questions. Approximately 60% of the things said by teachers are questions and most of these are not planned.
Four hundred questions a day may seem a startling statistic, but a large proportion of these (30 – 60%) are procedural rather than learning-based. They tend to be of the ‘is-your-name-on-it?’, ‘why-are-you-talking?’ or ‘have-you-finished-yet?’ variety.
Questioning is a key means of knowledge transfer, accounting for up to a third of all teaching time, second only to the time devoted to explanation.
“Good learning starts with questions, not answers” Guy Claxton.
Questioning leads to more effective learning and more enjoyable teaching, than explanation alone.
[image: ]Slide 5: Why so many questions?
Lead a discussion in which participants work in their groups to consider the following questions:
1. What are the different types of questions used in the mathematics classroom?
2. Why is each type of question asked?
3. What types of questions do you use most often with your students?
Ask them to share the results of their group’s discussion with the other groups.
Questions:
· help students to reflect on information and commit it to memory. 
· develop thinking skills, encourage discussion and stimulate new ideas. 
· allow teachers to determine how much a class understands and enable them to pitch lessons at an appropriate level. 
· Are an important tool for managing the classroom, helping to draw individuals into the lesson and keeping them interested and alert.
· have a symbolic value - sending a clear message that pupils are expected to be active participants in the learning process.
Children cannot learn the meanings of words in isolation. The use of questions is crucial in helping them to understand mathematical ideas and use mathematical terms correctly.
It is important to ask questions in different ways so that children who do not understand the first time may pick up the meaning subsequently. Pupils for whom English is an additional language benefit and so will others who are not always familiar with the vocabulary and grammatical structures used in school.
It is easy to use certain types of questions – those that ask the listener to recall and apply facts – more often than those that require a higher level of thinking. If you can use the full range of question types you will find that children begin to give more complex answers in which they explain their thinking.
Questioning is a powerful tool and effective teachers regularly use it for a range of purposes. It engages students, stimulates interest and curiosity in the learning, and makes links to students’ lives. 
Questioning opens up opportunities for students to discuss, argue, and express opinions and alternative points of view. 
Effective questioning yields immediate feedback on student understanding, supports informal and formative assessment, and captures feedback on effectiveness of teaching strategies.
http://www.education.vic.gov.au/school/teachers/support/Pages/litnum.aspx 
[image: ]Slides 6: One way of labelling questions
Lead a discussion in which participants work in their groups to consider the following questions:
One way of labelling questions is to describe them as either closed or open.
· What is/are the difference(s) between closed and open questions?
· Is there a place in the mathematics classroom for both types of questions? Why or why not?
Ask them to share the results of their group’s discussion with the other groups. Record these for all to see (butcher’s paper, Post-it notes, etc). 
Closed questions:
· Generally have one correct answer. The teacher usually has the answer in mind prior to asking the question. 
· Usually ask for the recall of facts or simple comprehension of material previously covered. 
· Can be asked to give teachers the information to determine whether the students do, or do not, know the correct answer.
· Are quick to ask and easy to answer, allowing teachers to move from one student to the next.
· Allow the teacher to maintain control of the conversation by controlling who speaks, how long the conversation goes for and when the topic changes.
· Are also the easiest and fastest for teachers to think of on their feet in the classroom.
Open questions:
· Are designed to have more than one correct answer. 
· Are designed to encourage students to make connections, infer and think beyond literal answers. 
· Help teachers to assess students understanding of the content being explore.
· Ensure that students have to think and reflect, form an opinion and discuss feelings before answering the question.
· Invite a range of different responses, which is inclusive of more than one student in the class.
· Can be formed to ask increasingly more thinking from students, and the conversation is in control of the students answering the questions. 
· Ask students to apply the concepts to real and authentic purposes.
· Are neither fast or easy to write, unfortunately. 
Slide 7: Which questions where?
Teachers are usually skilled at asking open questions in learning areas like language or social studies (e.g. teachers often ask students to interpret situations or justify opinions). However, in mathematics lessons closed questions are much more common. To emphasise problem solving, application and the development of a variety of thinking skills, it is vital that we pay more attention to improving our questioning in mathematics lessons.
http://www.mathsolutions.com/documents/9780941355513_PART1.pdf 
“About 60% of teachers' questions require students to recall facts; about 20% require students to think; and the remaining 20% are procedural.” (Gall, Meredith D. "The Use of Questions in Teaching." Teacher Education Division Publication Series (1970): 713.)
Slide 8: Why ask each type of question?
This slide summarises some of the differences between open and closed questions.
Slide 9: Which questions should we be asking?
No one type is intrinsically better than another. Lower-order questions, for example, have an important part to play in checking knowledge. But most research suggests teachers ask too many of these basic recall questions and not enough thought-provoking, higher-order questions.
Generally, there is an emphasis on factual recollection. “Because teachers ask so many questions each day, it's easy for one style of questioning to become habitual,” Ted Wragg says. “And lower-order questions feel safest because they keep the lesson moving.” in Wragg, E.C. (1993). Questioning in the Primary School. London: Routledge.
Studies in 1912, 1935 and 1970 also showed that at least 60 per cent of teachers' questions simply required students to recall information in the form in which it was presented. “This kind of questioning isn't teaching at all,” argues Sue Jennings, head of initial teacher training at Exeter University. “You don't develop any thought processes - all you do is make those who don't know the answer feel like failures.”
A report by US educationist Kathleen Cotton in 1988 (http://educationnorthwest.org/sites/default/files/ClassroomQuestioning.pdf ), which examined 37 research projects to do with questioning across the United States, came to two important conclusions:
1. that at all ages, a combination of higher-order and lower-order questions was the most effective method.
2. that with pupils of upper primary or secondary school age, increasing the proportion of higher-order questions to around 50 percent brought significant gains in terms of student attitude and performance.
[image: ]Slide 10: Closed or open?
[image: ]Ask participants to answer the questions on the slide and to determine which are closed and which are open questions?
Lead a discussion in which participants can share:
· Their responses
· The ‘ease’ with which each question can be answered.
· The level of thought required to answer each question.
· Which questions are closed and which are open?
Slide 11: Types of questions
[image: ]Ensure that each participant has a copy of the handout, ‘Types of questions’, and ask them to determine whether closed and open-ended questions can also be categorised into the headings on the handout. Some example questions have been given for each heading.
[image: ]Lead a discussion where participants responses are shared and discussed. Does this assist in deciding when to use closed questions and when open questions might be preferable?
[image: ]Slide 12: Things to consider before you start
Lead a discussion in which participants consider the following statement:
When planning to incorporate the use of open questions in the mathematics classroom, especially when there has been a reliance on using textbooks and worksheets, there will be many factors that need to be considered first.
Ask participants to share the factors that they consider to be important when planning to incorporate the use of open questions/questioning into their mathematics classrooms.
· Questioning is most successful when teachers maintain a respectful, trusting learning environment in which students feel confident to contribute. 
· Teachers need to introduce protocols, framed in ways that encourage students to respect the rights of others to hold differing views. This will assist students to understand how to conduct discussions. 
· Strategies are used that promote students’ self-confidence and willingness to take risks with their learning. Structured support valuing effort and the recognition of students’ work allows each student to experience success. Strategies are used by the teacher that are flexible and responsive to the values, needs and interests of individual students.
Partially taken from http://www.education.vic.gov.au/school/teachers/support/Pages/litnum.aspx 
Slides 13 & 14: Things to consider before you start
Start small, ask open questions which require thought and some peer consultation but are relatively straight forward for students to engage with. 
Two examples are: 
1. “How could you build a design that is one third blue, one quarter green?”
2. “Fill in the empty blanks so that you create a rectangle on the Cartesian plane that has one corner at A: (2,3). You can use whole numbers 1 through 9, but can only use each digit once. B: ( _ , _ ), C: ( _ , _ ) and D: ( _ , _ ). Then prove that the quadrilateral is a rectangle.”
Build on this once students gain confidence in taking risks and working with open questions.
Teachers will have students in their class who struggle with the idea of ‘not answering questions from a textbook’ and who are reluctant to work with other students.
It may be worthwhile for the teacher to organise groups for group work initially, giving each member a role within the group, so that students learn how to work effectively and productively in groups. Jo Boaler’s book, “Mathematical Mindsets” describes techniques that can be used to allocate roles to students within groups. 
Initially scaffolding the way in which groups present their findings and reflect on their thought processes will both encourage them to do it and will result in them being able to do this more effectively (and usefully).
[image: ]Guy Claxton’s video, “Getting kids thinking” (published 19 March 2013), available from https://www.youtube.com/watch?v=TEJeAEhARbM, details a number of strategies that teachers can use to scaffold students’ understanding of how to learn and how to work with open questions. If you have time, it would be worth showing this to the participants.
More information about Working Mathematically (which incorporates the Australian Proficiencies) can be found at http://syllabus.nesa.nsw.edu.au/mathematics/mathematics-k10/working-mathematically-and-content-strands/ 
It is very important to prepare lessons involving open questions prior to the lesson as these question-types take time to do well and attempting to ask open questions ‘off the cuff’ can end up as a disaster.
Slides 15 & 16: Things to consider before you start
Why do it?
Once students get the idea of working collaboratively on open questions/tasks:
· they tend to realise that everyone has something to contribute, 
· they actively learn mathematics while enjoying the experience.
Teachers learn much more about their students and anecdotal evidence has been shared that states that students who were struggling with maths and ‘hated maths’ gain confidence partly as a result of being able to incorporate thinking skills not thought to be relevant to maths and partly as a result of teachers being more aware of their learning, offering appropriate scaffolding where necessary.
Slide 17: How to use open question(s) in mathematics lessons
[image: ]Lead a discussion in which groups discuss the steps teachers might take when using an open question as the basis of a lesson considering:
· The role of the teacher
· The role of the students
· Problems that might arise
· How these might be overcome.
Allow groups to discuss these discussion starters for approximately 5 – 10 minutes then lead a discussion in which groups share their responses and thoughts.
The following slides outline how Professor Peter Sullivan suggests open questioning is implemented in the classroom.
Slide 18: Using open question(s) in mathematics lessons
Step 1: Choose/create an open question, appropriate for the level of the students in your class, before the lesson. When first starting, teachers may find the question they choose is too easy or too difficult. With practice, this step becomes much easier.
Examples of open questions:
1. Arrange the digits 1-9 into three 3-digit whole numbers. Each digit may only be used once. Make the sum as close to 1000 as possible.
2. How many ways can you determine the location of the line of reflection for isosceles triangle XYZ that maps Point X to Point Z?
Step 2: Pose the question in class. It is desirable to have the question written on the board so that the teacher can go through it, ensuring that all students understand what they are being asked to do. Give students the opportunity to clarify the meaning of the task by asking questions, without giving any directions or suggestions on how to do it.
Adapted from Sullivan & Lilburn (2004). Open-ended maths activities: Using ‘good’ questions to enhance learning in mathematics (2nd ed.). South Melbourne, Victoria: Oxford University Press. Pp 7 – 8.
Slide 19: Using open question(s) in mathematics lessons
Step 3: Allow students to work in groups initially so that they can communicate their ideas with others. This is an important part of learning and can also support those students who struggle to begin. 
The teacher should monitor students’ progress, especially for indicators that the question is too difficult. If this is apparent, the question can be made easier or students could be supported to find appropriate ways of representing the question. 
Students should have access to concrete materials that can be used to support their understanding of the question and lead them to strategies to answer it. 
The use of enabling prompts (these reduce the complexity of, not the thinking associated with the question) and extending prompts (these provide extended thinking, not more work) will support the low-entry, high-ceiling concept behind the use of open questions.
While monitoring the groups’ progress, keep in mind that it is better to stop the discussions before groups have fully completed the task. Giving a five-minute warning will allow groups to tidy up their thinking.
Step 4: The whole class review is an important phase of the process. All groups are given the opportunity to present their thinking and results, while the teacher records these on the board (so they are there for all to see). 
This allows the teacher to see where students’ misconceptions might have interfered with their thinking. 
Often students will pick up errors during their presentation.
Step 5: Teacher summary of the discussion that took place during the whole class review is the opportunity to highlight the main teaching point(s) raised by the question. 
While emphasising and explaining key points, the use of models and other visual teaching aids will make teacher explanations clearer.
Adapted from Sullivan & Lilburn (2004). Open-ended maths activities: Using ‘good’ questions to enhance learning in mathematics (2nd ed.). South Melbourne, Victoria: Oxford University Press. Pp 7 – 8.
Slides 20 – 22 Example of enabling and extending prompts
Sullivan et al, 2011 (Sullivan, P. (2011). Teaching mathematics using research-informed strategies, Victoria, ACER) offers the following example.
Core task:
Five people went fishing. The mean number of fish caught was 3 and the median number of fish caught was 2.
Question: How many fish might each person have caught? 
Enabling prompts /tasks:
· Work on this problem: ‘Five people went fishing. The mean number of fish caught was 3. How many fish might each person have caught?’
· Work on this problem: ‘Five people went fishing. Together they caught 15 fish. How many fish might each person have caught?’ 
Extending prompts / tasks:
· What if the modal number of the fish caught was 1?
· If only four people were fishing, what difference would that make to the mean?
Slide 23: Converting closed questions to open questions
[image: ]Watch this short video, Opening Up Math, by Jo Boaler from https://vimeo.com/76884124
The video originates from the YouCubed website. You can download it and save it from Vimeo so that you are not susceptible to internet outages. In the video, Jo Boaler demonstrates one way of converting closed to open questions. The growing squares problem on the video is also available from: https://www.youcubed.org/task/squares-upon-squares/. It would be worthwhile giving each participant a copy of this so that they can consider it during the video.
[image: ]Lead a discussion about the ways participants think closed questions can be converted to open questions. Ensure that participants consider some of the strategies presented by Dan Meyer and in the pre-reading. Do they have other strategies that are worth sharing?
Slide 24: Open questions – Module 2
This completes Module 1 – What are open questions and why use them.
In Module 2, participants will be taken through several strategies that can be used to convert closed questions to open questions, or to create open questions from scratch.
[image: ]Slide 25: Conclusion
Now that everyone has completed this module, consider the focus questions posed at the beginning of the presentation.
What makes a ‘good’ open question? 
How do open questions help to develop 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 26: Learning outcomes (revisited)
Participants should be able to:
· Describe what open questions are and recognise how they differ from closed questions.
· Determine why open questions should be used in the mathematics classroom.
· Associate the use of open questions with student engagement through the Proficiencies of the Australian Curriculum: Mathematics.
[image: ]Slide 27: Final thoughts
· Did we achieve the learning outcome? 
· 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 28.
Slide 28: 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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