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TDT Reasoning:
Module 2 – Mathematical Truth and If-then
Information for teachers 
Top Drawer Teachers (http://topdrawer.aamt.edu.au) is a web-based resource developed by the Australian Association of Mathematics Teachers in collaboration with Education Services Australia. 
The Reasoning drawer is one of six drawers which provide expert advice, teaching suggestions and classroom activities. This module is a guide to two of the ‘big ideas’ of Reasoning.

About this module
This resource was developed by
Libbie Spohn
It is suitable for 
Year 4 to Year 10
The resources for this module include 
Facilitator notes
Session slideshow (available as a PowerPoint and a PDF)

This module is:
The second in a series of three modules on Reasoning
Designed to take between 45 and 60 minutes
Learning outcomes
· To explore the “Big Ideas of Reasoning” – Mathematical Truth and If-then.
· Understand Mathematical Truth and If-then in the context of reasoning and there connection to the Australian Curriculum.
· To explore activities to assist in the teaching of Mathematical Truth and If-then.

AITSL Standards addressed
Standard 1:		Know students and how they learn
1.2	Understand how students learn
Standard 2:		Know the content and how to teach it
2.1	Content and teaching strategies of the teaching area
2.5	Literacy and numeracy strategies
Standard 3:		Plan for and implement effective teaching and learning
3.4 Select and use resources
Standard 6:		Engage in professional learning
			6.1	Identify and plan professional learning needs
6.2 	Engage in professional learning and improve practice 


Background
In Mathematics, the key ideas are the proficiency strands of understanding, fluency, problem-solving and reasoning. The proficiency strands describe the actions in which students can engage when learning and using the content. While not all proficiency strands apply to every content description, they indicate the breadth of mathematical actions that teachers can emphasise. 
Reasoning is one of the four proficiencies in the national curriculum, which describes it as a capacity for logical thought and actions. Reasoning develops throughout the curriculum and there are identifiable milestones.
As stated from the ACARA website:
“Students develop an increasingly sophisticated capacity for logical thought and actions, such as analysing, proving, evaluating, explaining, inferring, justifying and generalising. Students are reasoning mathematically when they explain their thinking, when they deduce and justify strategies used and conclusions reached, when they adapt the known to the unknown, when they transfer learning from one context to another, when they prove that something is true or false, and when they compare and contrast related ideas and explain their choices.”
These notes are written to support the delivery of the module. It is recommended that you read them and any supporting materials thoroughly.
You may decide to exclude some activities depending upon the interests and backgrounds of the participants.
Clicking on http://topdrawer.aamt.edu.au/Reasoning/Big-ideas will take you to the Big Ideas in Reasoning page of Top Drawer Teachers.  It is possible to navigate throughout the drawer from here and it is suggested that the PowerPoint is used as an introduction to the Reasoning resources, with teachers then able to discover what else is available after the presentation.
Resources
The facilitator will need to obtain/download:
· Curriculum links from slides 6, 13 and 19 to use as hand outs
· A4 paper (some for each participant), pen/pencil
· Downloads: http://topdrawer.aamt.edu.au/Reasoning/Downloads

Computer access to show TDT downloads and links. 
Prior to Professional Learning ask teachers to read: “Facilitating the Development of Proportional Reasoning Through Teaching Ratio” 
http://www.aamt.edu.au/Library/TDT-Readings/Reasoning/tdt_R_parish1.pdf

Slide 5: Big Ideas
There are six Big Ideas in the Reasoning Top Drawer. In this module we will take a look at Mathematical Truth and If-then for Foundation Year through to Year 4 to Year 10.
Slide 6: Australian Curriculum Links
On this slide the links to the Australian Curriculum: Mathematics content descriptions related to the big ideas of ‘Mathematical truth’ are provided.  These links contain the content description and elaboration for each item, links to Scootle (resources & community) and to ScOT (Schools Online Thesaurus); which will assist in relating this session to topics being taught in the classroom.  It would be a good idea to follow at least one of the links to show what is available on the Australian Curriculum website.
Slide 7: Mathematical Truth and reasoning
Mathematics is a human invention, so its 'truths' have been created, and their nature depends on one's philosophy of mathematics. 
However, society believes particular mathematical truths for convenience and for their usefulness.
In mathematics, we are concerned with mathematical truth based on logical proof. As students’ progress through school mathematics, they meet and work with simple ideas of truth (and falsity), then inductive and deductive reasoning, then formal proof.
The notion of truth underpins many key ideas in mathematics.

Slide 8: Focus question
What does it mean by the Truth of propositions in Mathematics?
Suggested responses:
· Statements that can be labeled as either True or False
· A proposition is a declaration that can be either true or false

Truth of propositions
The idea of truth, including notions of 'true', 'not true' and 'sometimes true', underpins other ideas, such as:

· equality and equivalence
· deduction and proof
· chance and probability.

There are many opportunities for teachers of mathematics to ask questions:

Is this (proposition) true?
Is it just sometimes true, or is it always true?
When is it true?
How do you know?
How could you demonstrate or show or prove that it is true?

Slide 9 & 10: Truth of Propositions Activity

Hand out cut outs of quadrilaterals so participants can use them to answer the statement. ‘any quadrilateral will tessellate.
 Handout: TDT_Reasoning_Module3_Quadrilaterals to Tessellate
http://topdrawer.aamt.edu.au/Reasoning/Big-ideas/Mathematical-truth/Truth-of-propositions/Do-quadrilaterals-tessellate.
Ask participants to write out their explanation then share with the group.
Slide 11: Reasoning Statements 
Discuss: When proposing the statement above, what questions might you ask to encourage reasoning?
Suggest some reasoning statements to use with students.
When proposing the statement above, ask questions such as the following.
http://topdrawer.aamt.edu.au/Reasoning/Big-ideas/Mathematical-truth/Truth-of-propositions

Slide 12: IF-Then for Year 5 to 10
#4 Big idea 



Slide 13: Australian Curriculum Links
On this slide the links to the Australian Curriculum: Mathematics content descriptions related to the big ideas of ‘If-then’ are provided.  These links contain the content description and elaboration for each item, links to Scootle (resources & community) and to ScOT (Schools Online Thesaurus); which will assist in relating this session to topics being taught in the classroom.  It would be a good idea to follow at least one of the links to show what is available on the Australian Curriculum website.
Slide 14: If-then statements

Conditional statements that start with a hypothesis and end with a conclusion are called 'If-then' statements.
Valid statements can be used to build logical arguments.
'If-then' is a common form of argument. In senior mathematics classes, the notation used for this argument is p→q. 
You can read more about this notation and watch a video from the Math Planet website at http://www.mathplanet.com/education/geometry/proof/if-then-statement
However, much younger students should learn this form of argument.
A typical if-then problem and variations on it make a good starting point. 
You can download Insects and Spiders: An Avenue for If-then Thinking.

Slide 15: IF-THEN Activity
A typical problem that stimulates ‘If-then’ reasoning is:
This problem sets up processes for if-then thinking. 
Have your participants think of ways they could enable their students to complete this task.
Students need to think through the possibilities, given that a spider has 8 legs and 1 head and an insect has 6 legs and 1 head. 
This is ‘If-then’ thinking.
The above problem is probably suitable for years 4–10, depending on the approach taken.
For example, primary students could draw or make the heads then use matchsticks as ‘legs’ to experiment, while older students might design a table, spreadsheet or graph. 
There are suggestions for modifying the activity to suit various year levels.
http://topdrawer.aamt.edu.au/Reasoning/Downloads/tdt_R_insectsandspiders.pdf
There are other ways to vary the problem as well. For example:
What if there were 50 legs? (4 spiders and 3 insects)
If there were 48 legs, how many insects or spiders were there? (Now three possible answers, as above 3 spiders and 4 insects or 6 spiders or 8 insects)
A more difficult problem with multiple answers:
I was able to count 28 wheels on some bicycles and tricycles as they came into the school yard. How many of each were there?

Slide 16: Proportional reasoning

Proportional reasoning is being able to make comparisons between the entities in ratio and proportion situations in multiplicative terms (Behr, Harel, Post & Lesh, 1992). 
The development of proportional reasoning is a gradual process, underpinned by increasingly more sophisticated multiplicative thinking and the ability to compare two quantities in relative (multiplicative) rather than absolute (additive) terms (Lamon, 2005).

Slide 17: Proportional Reasoning Activity
Participants should have read the article:
 “Facilitating the Development of Proportional Reasoning Through Teaching Ratio” 
http://www.aamt.edu.au/Library/TDT-Readings/Reasoning/tdt_R_parish1.pdf

Ask participants to work on this task individually
What would they expect their students to do?

Have participants share ideas with whole group.

Suggest some solutions: use a dual number line or a ratio table

Slide 18: Proportional Reasoning Activity
Show participants two possible solutions
http://topdrawer.aamt.edu.au/Reasoning/Big-ideas/If-then/Proportional-reasoning
There is also the opportunity here for the participants to share or develop some more proportional reasoning problems, depending on the time available. The Victorian Education Department has discussion and activities to use:
http://www.education.vic.gov.au/school/teachers/teachingresources/discipline/maths/assessment/Pages/lvl5prop.aspx 
Slide 19: Australian Curriculum Links
On this slide the links to the Australian Curriculum: Mathematics content descriptions related to ‘proportional reasoning’ are provided.  These links contain the content description and elaboration for each item, links to Scootle (resources & community) and to ScOT (Schools Online Thesaurus); which will assist in relating this session to topics being taught in the classroom.  It would be a good idea to follow at least one of the links to show what is available on the Australian Curriculum website.
Slide 20: Acknowledgements
Acknowledgements for the Top Drawer Reasoning
Summary
Ask participants where they could apply the big ideas of same & different and visualisation in their classrooms with their students.
Have participants share some ideas.
Further ideas
Prior to Professional Learning ask teachers to read: “Facilitating the Development of Proportional Reasoning Through Teaching Ratio” 
http://www.aamt.edu.au/Library/TDT-Readings/Reasoning/tdt_R_parish1.pdf
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