
Promoting talk and mathematical reasoning
Overview and purpose
In their research on the relative importance of arithmetic skill and mathematical reasoning to mathematical achievement, Nunes et al., (2011) found that ‘Mathematical reasoning and arithmetic did make independent contributions to the prediction of mathematical achievement; mathematical reasoning was by far the stronger predictor of the two’.  They concluded by observing ‘that mathematical reasoning should receive a greater emphasis than calculation skills from the early years in primary school and arguably to the end of secondary school.’  We can see evidence for this shift in emphasis in the way that SATs papers have been formatted in recent times.

Moreover, the aims of the National Curriculum tell us in no uncertain terms ‘to ensure that all pupils:  reason mathematically by following a line of enquiry, conjecturing relationships and generalisations, and developing an argument, justification or proof using mathematical language’. Given this key aim, it was not unreasonable to assume that detailed guidance might be given on how to achieve it, alongside the stated requirement to achieve it.  Unfortunately, this isn’t the case. Just four examples are given in the whole National Curriculum document (one statutory; three in non-statutory guidance) on how and/or when we might apply reasoning:
Y1 Number – addition and subtraction:
Pupils memorise and reason with number bonds to 10 and 20 in several forms.
Y2 Number and place value:
…become fluent and apply their knowledge of numbers to reason with, discuss and solve problems that emphasise the value of each digit in two-digit numbers.
Y2 Number – multiplication and division:
They use commutativity and inverse relations to develop multiplicative reasoning (for example, 4 × 5 = 20 and 20 ÷ 5 = 4).
Y5 Geometry:
distinguish between regular and irregular polygons based on reasoning about equal sides and angles.
This leaves us somewhat in the dark about how to ‘ensure that all pupils reason mathematically’.
In response, this session will explore what mathematical reasoning consists of and how we can ensure that we build opportunities for children to acquire these reasoning skills into our teaching and their learning. 

The stand-alone session lasts around 45 – 50 minutes. The structure follows the ‘GROW’ heuristic. See the information in ‘About Hamilton Staff Meetings’ for an explanation of this model.

Preparation
· If you are not using the PowerPoint, you will need to display/ distribute Having a go at reasoning! and Having a go at reasoning! - Answers
· Print and cut out (1 set per pair of teachers) Modes of communicating reasoning cards
· Make copies (1 per person) of Strategies to promote communication and reasoning
· Edit Slide 3 to match the goal of the session – see section 1 below.
· Edit Slide 15 to set expectation for use of the handout and your agreed methods to support the work and monitor progress – see section 7 below.




NB  Two starting points are possible
A – If this is a stand-alone piece of professional development – continue as below. Use Slides 1-15, you can delete Slides 16-17.
B – If this is a follow-up to the staff meeting on Challenging higher-attainers, START this session with Part B (scroll to page 5  of this document).  In this instance replace Slide 3 with Slides 16-18.

THE MEETING – step by step
1. Input (Slides 3 and 4)

Identify the Outcomes, linking these to your school’s context.  Perhaps you are responding to:
· an OFSTED next step
· a common theme identified through staff discussion/ subject monitoring/ SLT deep dive
· exploring the needs of a particular cohort as a whole staff	
Outcomes
· Learn how to promote talk and active reasoning in pupils’ learning of maths
· Understand and identify different types of mathematical reasoning 	2 minutes
	
2. Activity (Slides 5 and 6)
Exploring what reasoning involves
Display Having a go at reasoning! 
Explain that you want staff to look at these clues.  Each leads to a piece of mathematical vocabulary – a one-word term.  In pairs, colleagues solve as many as they can.      	up to 10 minutes

3. Feedback and discussion (Slides 7-10)
Features of reasoning 
Display Having a go at reasoning – Answers. Allow time for colleagues to ponder these.  
Point out that when solving these, we teachers are in a very similar position to that occupied by many children – even those who are good at calculation – when they have to solve word problems or find themselves having to use reasoning skills to work out what has to be done.
What is it about reasoning that makes it hard? Let’s consider what we ourselves have just learned… Display Features of Reasoning (slide 9) and talk through each bullet point, drawing parallels with the activity just completed.  Then move on to Helping children reason and talk through these.	10 minutes

4. Short Discussion (Slide 11)
Why is mathematical reasoning important? 
Share points below:
· Academic research in 2011 found that ‘Mathematical reasoning and arithmetic did make independent contributions to the prediction of mathematical achievement; mathematical reasoning was by far the stronger predictor of the two’.  It concluded by observing ‘that mathematical reasoning should receive a greater emphasis than calculation skills from the early years in primary school and arguably to the end of secondary school’.
· One of the three main aims of the National Curriculum published a couple of years later - in 2014 - tells us ‘to ensure that all pupils: reason mathematically by following a line of enquiry, conjecturing relationships and generalisations, and developing an argument, justification or proof using mathematical language’.  
So, what do we do in our maths planning and teaching to provide for this aim?                     2 minutes

5. Staff Activity (Slides 12 and 13)
Ranking modes of communicating mathematical reasoning
Ask colleagues to work in pairs or threes 
· Provide a set of Modes of communicating reasoning cards for each group. Some blank cards are included for teachers to add their own ideas which arise from their ongoing discussion.
· Ask teachers to rank them, possibly using the ‘diamond 9’ system (below). Suggest criteria for ranking: importance/ frequency of use / difficulty for children:
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Listen in to discussion, probing different groups about their ideas.	10 minutes
With several sets of ranked cards now available to view, ask groups of teachers to share their thoughts on why they ranked certain cards in certain positions.  Did everyone place the same card(s) at/near the top?  What card(s) did colleagues consider least important? 	5 minutes

6. Staff activity (Slide 14)
Strategies to promote reasoning
· Share the handout Prompts and strategies to promote reasoning.
· Allow teachers a couple of minutes to skim it and then ask pairs of teachers to choose a problem (if more than one is given) under one of the strategies:
a. What reasoning skills might be required to solve it?
b. What strategies might help children who are stuck?	5 minutes



7. What next? (Slide 15)
Support teachers with planning
Set an expectation that teachers will choose at least one strategy from this handout to build into maths lessons, with an agreed frequency, e.g. on at least 1 or 2 days per week for 4 weeks.

How shall we support each other and monitor our own classroom practice going forward? Options could include:
· With a ‘critical friend’, visit each other’s classrooms and share examples of practice
· Developmental drop-in by SLT to look out for reasoning in practice
· Model some types of reasoning activity for less confident colleagues
· Have a review of children’s books in a month’s time	4 minutes

Part B – use this as an introduction
Use this to kickstart this training session if it follows the session on ‘Challenging High Attainers’. 
i. Share outcomes from previous training  (Slide 16)
Teachers pair up with a partner in an adjacent year group to share children’s books and their experiences from last week’s use of ‘intelligent practice’ or open-ended tasks.	5 minutes

ii. Reflection  (Slide 17)
Ask pairs to feed back their key observations/ reflections with the whole staff.  Do any recurring themes arise?
Recognise that teachers may have experienced barriers or difficulties, particularly if this style of learning is new to their children.  Such issues might include:
a. confusion when concepts are presented in different/ novel/ intriguing ways
b. dissatisfaction where there is not a single, easily solved, ‘right’ answer
c. frustration that open-ended activity lacks the scaffold or focus they are used to
d. a lack of vocabulary or skills to communicate reasoning or explanation
e. a lack of stamina to pursue a line of enquiry	5-10 minutes

iii. Tackling issues arising  (Slide 18)
Lead a short discussion to brainstorm/ share possible approaches to tackling such issues, e.g.
a. Help children understand – at an early stage - that mathematics is not simply a quest for the ‘right’ answer
b. Study the process of solving problems with children
c. Slowly build up the length of time spent on problem solving activity
d. Ensure such activity is varied – will children look forward to having a go at the next episode of problem solving because it is intriguing, interesting and presented in different ways?
e. Encourage and teach learners to tackle questions systematically and conscientiously
f. Allow children to experience mathematical enquiry that has false starts and dead ends
g. Provide a scaffold to prompt next steps, or to recognise and record key moments in the process
h. Provide a ‘rubric’ or sentence starters to help children articulate their thinking
i. Children need to experience success in return for their effort (but not every time!)
j. Provide opportunity for children to reflect on experiences.	5 minutes
You may wish to provide these suggestions as a handout for colleagues to take away: Possible approaches to tackling barriers or difficulty with ‘intelligent practice’/ open-ended learning

Outcomes for this training
Skip to MEETING – Step-by-step: Identify Outcomes on page 2 of this document.  
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