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TDT Geometric Reasoning:
Module 3 – Geometric Proof
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 Geometric Reasoning drawer is one of six drawers which provide expert advice, teaching suggestions and classroom activities. This module is a guide to one of the ‘big ideas’ of Geometric Reasoning.


About this module
This resource was developed by
Ann Ruckert
It is suitable for
Teachers of students in Years 7 and 10
The resources for this module include
Facilitator notes
Session slideshow (available as a PowerPoint and a PDF)
Vimeo: available from https://vimeo.com/74084878 
Download 1: Angle Sum of a Triangle: Student Worksheet.
Download 2: geometry toolkit student worksheet & Geometry toolkit: Solutions
Download 3: Looking beyond the lines slide show presentation.
Download 4: Proving Pythagoras' theorem
Download 5: Pythagoras' similarity proof
Download 6: Proving congruence: Student worksheet & Proving congruence: Answers
Download 7: Geometry checkups: Sample answers & annotated version
This module is
The third in a series of four modules on Geometric reasoning
Designed to take approximately one to one and a half hours.
Learning outcomes (covered in Slide 3)
Participants will be able to:
· Explain the difference between experimental verification of geometrical statements and geometric proof.
· Scaffold the process of writing geometric proofs for their year 7 and 10 students.
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
2.2	Content selection and organisation
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
Geometric Reasoning is a sub-strand of the Measurement and Geometry strand of the Australian Curriculum: Mathematics. 
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/Geometric-reasoning/Big-ideas will take you to the Big Ideas in Geometric 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 Geometric Proof resources, with teachers then able to discover what else is available after the presentation.
Please share the following aside with participants in the presentation.An aside about the teachers’ notes in Top Drawer Teachers:
· It is very tempting, as time-poor teachers, to jump straight into the activities and resources that can be used with your students… BUT DON’T – you and your students won’t gain full value from this resource if you do.
· The resources available here have been trialled in classrooms.
· Many teachers find geometric reasoning difficult to teach and the teachers’ notes & documentation around the work clarify the rigour of this very well.


Resources
Hand-out: Angle Sum of a Triangle: Student Worksheet.
Hand-out: geometry toolkit student worksheet (& Geometry toolkit: Solutions)
Hand-out: Proving Pythagoras' theorem (If you have time, laminate the cards and cut them out prior to the presentation.  They can be reused later.)
Hand-out: Pythagoras' similarity proof
Hand-out: Proving congruence: Student worksheet
Hand-out: Proving congruence: Answers
Hand-out: Geometry checkups: Sample answers
Hand-out: annotated version
A useful video to watch, time permitting, is “Making the Case: Mathematical Argumentation”, https://www.youtube.com/watch?v=pVdH91NkEzM 
Vimeo: available from https://vimeo.com/74084878 
A4 paper (some for each participant), pen/pencil
Computer and internet access
PowerPoint presentation download: Looking beyond the lines slide show presentation.
Dynamic geometry software (Geogebra, etc) is useful
Slide 2: Big ideas
There are five Big Ideas in the Geometric Reasoning Top Drawer. We are going to look at Geometric Reasoning in Years 7 and 10 with Geometric Proof. The remaining Big Idea builds further on the knowledge and understanding of plane shapes, congruence and similarity.
Slide 4: Australian Curriculum Links
Many of the pages on which geometric proof are discussed contain links to the Australian Curriculum present to the right of the page in a grey box. These contain links to the Australian Curriculum 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.
Slide 5: Focus Question
Teaching mathematical argumentation supports the development of mathematically proficient students. Geometry is a key topic in which this can be done effectively, supporting the development of students’ deductive reasoning and creative thinking. However, middle school students demonstrate considerable difficulty in constructing and understanding geometric proofs. As many as 80% of lower secondary students consider that experimental verifications are enough to demonstrate that geometrical statements are true (Kunimune, et. al. 2009)
During the presentation ask participants to consider the focus question:
“Could disturbing students’ beliefs about experimental verification of geometrical statements, by establishing classroom activities and discussions, help to make deductive proof meaningful for them?”
Ensure that all participants understand what the focus question is asking. Ask participants to discuss what they do currently to help students to construct and understand geometric proofs. Do they feel their students benefit from what is being done currently in the classroom?
If you have time, it might be worth watching this video on teaching mathematical argumentation on https://www.youtube.com/watch?v=pVdH91NkEzM (4:50 minutes).
Kunimune, S., Fujita, T. and Jones, K. (2009). Strengthening students’ understanding of ‘proof’ in geometry in lower secondary school. In V. Durand-Guerrier (Ed.), Proceedings of CERME 6, Lyon, France: ERME
Slide 6: What is a Proof?
The purpose of deductive proof is to convince the reader.
In geometry, a deductive proof builds from one true statement to the next. Each step of reasoning must be supported with a previously confirmed conclusion, which then allows another assertion.
[bookmark: eztoc334830_0_1]An explorative activity in geometry may lead to a conjecture about a specific result, after observing some cases when it was true and none for which it was not true. After more investigation, this conjecture may become a proposition. If the proposition can be proven through deductive reasoning it is a true result, which is called a theorem.
There is a distinct difference between a proposition and a theorem.
· A proposition is an unproven statement which is believed to be true.
· A theorem is a statement that can be demonstrated to be true.
The pathway for deductive proof leads from exploration through conjecture to proposition, and then from proposition through proof to theorem.
The following slides will allow participants to explore this further.
Slide 7: Experimental verification is not proof
Proof is more than a demonstration of a result or a reasonable argument supporting its truth.
A proof establishes the validity of a conjecture for every possible variation of the situation in which it could arise. Initially, students may consider that a demonstration is sufficient.
[image: ]Watch the video Demonstration of the angle sum of a triangle (Vimeo: available from https://vimeo.com/74084878 ) which provides evidence (experimental verification) to conjecture that the angle sum of a triangle is 180°.
Ask your participants to try this activity for themselves and then discuss how it could be incorporated into their maths lessons as an introduction to teaching mathematical argumentation.
Further discuss whether participants consider this to be a geometric proof, and why?
Slides 8 – 25: Convince me
In contrast to a demonstration/experimental verification, a geometric proof needs to be an orderly progression of statements which link previously established facts each supported with reasons.
[image: ]Watch the Two Proofs of the Angle Sum of a Triangle slide presentation (Slides 9 – 25).
Lead a discussion with participants around how these two proofs differ from the video, Demonstration of the angle sum of a triangle. Once they are familiar with the difference, move on to Slide 26.
Slide 26:  Geometric Proof Activity: Angle sum of a triangle.
[image: ]Ensure each participant (or group) has a copy of Angle Sum of a Triangle: Student Worksheet.
In this activity, participants will complete a proof for the angle sum of a triangle.  
The previous slides can be reviewed to help this activity, if necessary.
[image: ]A dynamic diagram of the angle sum of a triangle is available on Geogebra Tube.
It is important to explain to participants that a proof is incorrect if there is:
· an error in the underlying assumptions
· a flaw in the logic of the reasoning.
Lead a discussion around how to implement this activity in the Year 7 classroom 
and how it might support student learning.
[image: ]Before progressing to Slide 27, ask participants to discuss how proving that the angle sum of a triangle is 180° might be used to determine why the sum of the angles of a quadrilateral is 360°.
Slide 27: Why 360 degrees?
This slide provides one way by which the question posed previously could be answered.
Slide 28: Deductive geometry toolkit
Ensure each participant has a copy of geometry toolkit student worksheet 
It is helpful to develop a resource bank of the foundational concepts which have been learnt in geometry over the preceding years. This will provide students with a toolkit which supports the development of their proof writing skills.
Initially, teachers should deliberately teach and give clear advice about writing the reason for a geometric statement. Provide a list of theorems which can serve as a geometry toolkit which students can refer to.
[image: ]Ask participants to work with their group to complete the reasons for each theorem and to develop abbreviations which will be accepted as evidence of knowledge of the appropriate theorem.
Solutions and some suggestions are made on the Geometry toolkit: Solutions.
In general, students should be advised to write whole words unless there is a universally accepted abbreviation (e.g. ∠ for 'angle'). There is no need to write out the enunciation of the theorem in full. The minimum standard should be writing sufficient words to identify the particular theorem.
Slides 29 – 32: Starting a congruence or similarity proof
These four slides will take participants through the steps followed when commencing 
to write a geometric proof.
Be aware that some students take much longer than others to appreciate the demands 
of a proof. They may need to practise with one or two step proofs, rehearsing the reasons verbally.
Once students are ready, constructing a proof is much like writing an essay.
· Plan the sequence of ideas
Allow students time to explore the diagrams and experiment without interruption. Following unsuccessful pathways often teaches more about deductive thinking than achieving instant success.
· Provide time for discussion of ideas
Students can evaluate a variety of strategies and select the most efficient or elegant sequence.
· Model the formal writing stage
Demonstrate how to write the reasons either by providing the outline of a proof or the lines of proof which need to be put in order.
Highlight instances when the order of the ideas is important. For example, in a similarity proof, the order of the angles does not matter. However, in the SAS test for congruence, the angle argument should be stated between the side statements to show that the angle is included.
Providing alternative proofs builds student confidence and develops their capacity to construct a proof without assistance.
Before writing a congruence or similarity proof students need to choose the appropriate test. This is best done through a process of elimination.
[image: ]Slide 33: Dissected proof
To support participants’ engagement with this activity, download and watch the Looking beyond the lines slide show presentation (this slideshow is also included in Module 2 – Congruency and Similarity).
[image: ]Ask participants to work in pairs for this activity. Ensure each pair has a set of laminated (if they have been laminated prior to the presentation) cards for Proving Pythagoras' theorem (each card holding either one line of the proof or a reason) and a half-page which has the enunciation of Pythagoras' theorem and the necessary diagrams.
Participants will use similarity to prove Pythagoras' theorem, matching the cards appropriately. Once they have completed the activity, give each participant a copy of Pythagoras' similarity proof so that they can check their response.
[image: ]Lead a discussion around how this activity might assist year 10 students to better understand how to write a geometric proof.
Slide 34: Activity: Complete the congruence proof
Thinking deductively to determine whether triangles are congruent is a challenging process for many students. The additional requirement of writing up the proof in the formal language of geometry can be overwhelming. 
[image: ]Ensure each participant has a copy of Proving congruence: Student worksheet. There are 9 questions on this worksheet. Depending on the time available, ask participants to answer some or all of these.
This worksheet is designed to allow students to gradually gain experience in the form and language of a deductive proof. The early questions provide the framework needed to write a logical and accurate proof. This allows students to become familiar with the new format and builds their confidence.
Gradually, more and more is left to plan and write, until eventually students can write the complete proof without prompts.
Once participants have attempted some of the questions in the worksheet, distribute Proving congruence: Answers, so they can check their responses.
[image: ]Lead a discussion on how this worksheet (and others similar) might help Year 10 students become more confident when working with geometric proofs.
Slides 35 – 36: Activity: What is wrong with this proof?
It is vital that students receive individual feedback specific to their particular sources of error (or misunderstandings).
[image: ]Ensure that each participant receives a copy of Geometry checkups: Sample answers. Ask them to mark the two sample proofs, containing conceptual errors, and provide written feedback to the ‘student’.
Giving timely, individual feedback to students in this way will increase students’ confidence and is a valuable learning experience.
[image: ]Lead a discussion in which participants compare and contrast their responses.
Ensure that each participant receives a copy of Geometry checkups: Sample answers annotated version which shows detailed teacher feedback and suggestions for correcting the misunderstandings.
[bookmark: _GoBack]Slide 37: Conclusion
Now that everyone has completed this module, consider the focus question posed at the beginning of the presentation. Ask everyone to share their thoughts, ideas, wonderings with each other and record responses for dissemination amongst the group. This might act as a stimulus to help them alter the way in which the concepts of geometric proofs are taught.
Summary
· 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 I try in my classroom?
© 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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