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TDT Fractions:
Module 1: Fraction Sense
Information for facilitators 
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 Fractions drawer is one of six drawers which provide expert advice, teaching suggestions and classroom activities. This module is a guide to the ‘Big Ideas’ of fractions and what it means to have ‘fraction sense’.
Advice regarding the powerpoint
The Fractions Sense module is designed as a half day professional development session but could be used as a two hour or one hour session as the powerpoint is divided into five distinct sections:
Section 1: Slides 1-3 The professional knowledge related to the Australian Institute for Teaching and School Leadership (AITSL) Standards and can be used with all professional learning sessions.
Section 2: Slides 4-25 This section provides the objectives as well as the first two sub-constructs (part-whole comparisons and fractions as a measure) and could be used as a one hour session together with slides 56-59.
Section 3: Slides 26-41 Together with slides 4-6 and 56-59 this section considers the other three sub-constructs (quotient or division, operator and ratio) and could be used as a one hour session.
Section 4: Slides 42-55 Provide all of the relevant information from the Australian Curriculum: Mathematics and can be used with all presentations or used as a stand alone session to familiarise teachers with the relevant sections of the Australian Curriculum.
Section 5: Slides 56-59 Research and reflection and should be used with all sessions.



About this module
This resource was developed by
Rachael Whitney-Smith
It is suitable for 
Foundation to Year 10 Teachers
The resources for this module include 
Facilitator Notes
Session Slideshow (available as a PPT Presentation or PDF)
Think Board Template (many examples can be found with an internet search)
This module is 
The first of six modules on fractions. A half day session is required to complete the module but it can be presented in a number of different ways, depending upon the time available, the teacher activities used and the depth of content knowledge required.
Learning Outcomes
· To identify what it means to have Fraction Sense.
· To explore the ‘Big Ideas’ of fractions identified in the Top Drawer Teacher Fractions drawer
· To identify the ‘Big Ideas’ of fraction within the Australian Curriculum: Mathematics 
Australian Institue for Teaching and School Leadership (AITSL) Standards addressed
Professional Knowledge
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
Professional Practice
Standard 5:		Assess, provide feedback and report on student learning
			5.1 Assess student learning
Professional Engagement
Standard 6:		Engage in professional learning
Background
Fractions and decimals are a sub-strand of the ‘Number and Algebra’ strand of the Australian Curriculum: Mathematics F - 6. From Year 7 and beyond, fractions form a part of the Real numbers sub-strand of ‘Number and Algebra’. 
Year 7 is the final year that fractions are explicitly taught within the Australian Curriculum: Mathematics and for the duration of secondary mathemtics they form part of the assumed knowledge students are expected to have learned. Fraction knowledge is also assumed within the Statistics and Probability strand from Year 5 and beyond.
National and international assessments such as NAPLAN, TIMSS and the majority of numeracy assessments contain a high percentage of fraction related questions. If students have developed misconceptions surrounding their fractional understanding, this will heavily impact upon their mathematical performance and numeracy development. 
These facilitator 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 time available, the interests and backgrounds of the participants.
Resources
For each participant 1 white paper/plastic plate, 1 coloured paper/plastic plate, scissors and marker pens
A4 Coloured paper (At least 5 sheets per group)
Paper for Think/Pair/Share activities
Slide 1: Topic 1 - Fraction Sense
This is a theoretical journey that connects research and practice to the ‘Big Ideas’ behind fractions in the Australian Curriculum: Mathematics. It uses the AAMT Fractions Top Drawer Teachers as a resource and basis for the professional learning. Along with the “Big Ideas”, misconceptions and best practice are explained. The module then provides some resources that are useful in assisting in the delivery of the Australian Curriculum: Mathematics. Further explanation on each of these can be found in the Top Drawer Teachers resource. The first 6 slides give an overall guide to fraction sense and its importance. You could mention at this point that fractional understanding is assessed in most numeracy tests such as NAPLAN and in entry tests for the military etc.

Slide 2 - 3: Proficiencies
The following two slides outline what AITSL Standards the module is aimed at addressing as a professional learning package. This is a recommmendation not an accredited course.
Slide 4: Module Outcomes
This slide outlines the outcomes of Module 1. It is intended that on completing this module, particpants will have achieved the objectives and deepend their understanding of fraction sense and are able to identify the Big Ideas of fraction in the Australian Curriculum: Mathematics using Top Drawer Teachers as a resource to do so.
Slide 5: 
Fraction Sense. Use these questions as an activity to find out what teachers already know about fractions.  In response to ‘what is a fraction?’ ask them to write a description/definition and provide some examples.  You may find that it is much easier for them to provide examples than write a description. They could be asked to brainstorm their ideas using ‘Think Boards’ or a ‘Think/Pair/Share’ activity. Participants could be asked to identify other areas of mathematics (percentages, probability, proportional reasoning, algebra etc) where fraction understanding is required and possibly suggest some ideas of the use of fractions in the ‘real world’ (time, recipes, discounts where terms such as halves, quarters, thirds etc occur).
Slide 6: 
What is a fraction? The three key points outlined on this slide give the participants a set of conceptual understandings that combine to form fraction sense. Use this slide as way of checking the ideas that were suggested in the previous activity.
Slide 7:
Understanding and using the correct fraction notation and mathematical language is important for students. They need to have a great conceptual understanding of fraction equivalence and the concept that a fraction is a number not a comparison of two quantities. Use this slide to ask participants to name the parts of a fraction. Try to encourage using a horizontal vinculum rather then a diagonal. 
Slide 8:
Checks that teachers have provided the correct names.  Numerator and denominator are important because they will be used in all fractions learning; possibly suggest ‘lowest common denominator’ as one example.
Slide 9:
This could be done as whole group brainstorm or if time permits ask teachers to work in pairs or small groups to complete each of the sentences to describe a proper, an improper and a mixed fraction and to provide some examples of each.  Note that mixed fractions are sometimes referred to as mixed numbers.
Slides 10:12
These slides provide a definition for proper, improper and mixed fractions and a number of examples. Some time should be provided for discussion and questions to check that teachers have described each of the fractions accurately and provided a range of examples.
Slide 13: Teacher Activity
Ask teachers to attempt to answer this question and give them 5 minutes noting they are to be prepared to answer how they worked it out. In either a group or whole session discussion, ask participants to explain their methodology for attempting the question. You can expect such responses as “I drew a picture”, “I divided each pizza up into 5 pieces then shared these between the boys”, some may have even used algebra. Then explain what we don’t tend to do is use the fraction sub-construct of division and simply say that I have 3 pizzas to divide evenly between 5 so the fraction each receives is 3 divided by 5 or 3/5. This activity outlines the importance of really understanding fractions. It is based upon a question given to year 9 students in Victoria where approximately 35% of students answered it correctly and 10% could not even start the question as they blocked the idea given there were 3 pizzas and 5 boys stating reasons such as; “five can’t go into 3”.  There is the practical difficulty of dividing a pizza into 5 equal pieces so give the participants a chance to discuss this.  One suggestion might be to divide each pizza into quarters, give each boy 2 pieces, leaving 2 quarters to divide into 5 pieces.
Slide 14: Big Ideas in the fraction drawer
You may choose to navigate through the big ideas in Top Drawer Teachers (TDT’s) as a group or you can demonstrate where this is for future reference depending on your time constraints.
Big Ideas in the fraction drawer
Researchers generally agree that it is important for students to develop flexibility in interpreting and using fractions in a range of mathematical contexts. A comprehensive understanding of fractions is needed for proportional reasoning, algebra and probability. 
For further information on the Fraction Big Ideas click here   This extract explains the different ways in which fractions are used and the insights gained through one-to-one task based interviews with students. The five fraction sub-constructs of part-whole, measure, operator, division and ratio are explained. There are also some quality questions used by the interviewer to ascertain student understanding. The Victorian Education Department have developed a teaching resource called the Fractions and Decimals Online Interview. The actual assessment is only accessible to Victorian Government educational staff however the activities can be found at http://www.education.vic.gov.au/school/teachers/teachingresources/discipline/maths/continuum/Pages/fracdecint.aspx, powerpoint slides and curriculum mapping materials are freely available through the Victorian Education Department.
Slide 15:
An adaptation of the work done by Kieren in 1980, this slide shows a tabulated version of the five sub constructs, their meanings and examples. 
Slide 16:
Traditionally the first sub-construct taught to students is the part-whole comparison. On entry into the Foundation year students tend to have a basic understanding of parts and possibly the words ‘half’ or ‘quarter’. It is crucial for students to be able to partition if they are to develop this conceptual understanding. If they cannot they may develop the misconception about a fraction just being the number of parts rather than the equal share, and also that the parts combine to make a whole. 
Slide 17:
This slide is blank to give the teachers an opportunity to draw some diagrams to show what the part-whole construct looks like.  They will possibly draw a rectangle or circle divided into a number of equal parts.  The point could be made here that it is important that students see a number of different representations so that they do not always associate fractions with one representation such as a circle divided into parts.
Slide 18:
This slide will provide the link to a video in the Top Drawer Teachers fraction drawer that explains this part-whole relationship. Show the group this video and then reflect on it in either group discussion or a brief whole session talk. 
See Video: The Part-Whole Meaning for fractions 
Participants could also navigate through the TDT Fractions and look at the part-whole fractions menu. You may give time for teachers to peruse this resource independently if they have their own devices and identify key ideas, interesting facts they picked up on, which they can share later.
Slide 19:
This slide shows a couple of visual examples of part-whole comparisons. You could supplement these with some physical examples during the session, especially discuss rectangles which is another representation and links to the ‘bar model’ discussed in Modules 5 and 6. Possibly ask the group for any examples they may currently use in their own lessons.
Slides 20 & 21: Teacher Activity
You will need to pre-organise paper or plastic plates, preferably one white and one coloured (or patterned), scissors and permanent markers. Demonstrate the activity step by step. You could ask how the origin might be determined demonstrating how you could encourage some lines of inquiry with students. They may try folding the plate in half to form a diameter line then fold again from another point to form a second diameter. Where they intersect will be the origin. With Year 5 students and above you might discuss the parts of a circle when doing this task, and give your instructions geometrically such as ‘cut a line from the circumference to the origin of the circle’. 
See for video instructions 
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Slide 22:
The second sub-construct is that fractions are a measurable quantity. If students understand that a fraction is a number and that it has a value then they are more able to use fractions in alternative settings. The more exposure they have to different representations of a fraction as a measure the more the concept will be consolidated and recalled when required. The use of a number line allows for linear measurement of fractions and is encouraged throughout the Australian Curriculum: Mathematics from as early as Year 4. 
Slide 23:
You could now show the participants the video Fractions as Measures
You could also give them some time to independently look though this section in TDT.
Slide 24:
This slide gives the participants some visual examples of fractions as a measure. You could also have some concrete examples available to demonstrate such as measuring devices and volume and capacity examples. For more information, read the article Measurement Matters: Fraction Number Lines and Length Concepts are Related on the AAMT website.
Slide 25: Teacher Activity
You will need to provide teachers with two A4 sheets of paper and a permanent marker. You can either let them follow the instructions or demonstrate each as you go. You could also discuss different ways you could adapt this activity for different year levels.
Slide 26:
The next sub-construct that students are exposed to is quotient or division. Explain that a divided by b means having a quantity a and dividing it into b parts which can be represented as a fraction a/b. This notion that division of a quantity by another is the same as expressing the relationship as a fraction is a concept that causes confusion in many students. Providing examples and using the language of numerator divided by the denominator assists the understanding as well as a multimodal approach. Getting students to represent a partitioning problem as a fraction and linking the picture to the concept to the notation strengthens this conceptual understanding.
Slide 27:
You could show the TDT video:  The Division Meaning of Fractions and also allow participants some time to navigate through this section of the TDT resource independently. You could ask the group to discuss their interpretation of this, as often it is the least acknowledged fraction sub-construct that a ÷ b  is the same as a/b. 
Slide 28:
This slide provides a visual example of fractions as a quotient or division. Remind participants of the first teacher activity with Pizza sharing.  The difference being that in this example we end with a whole number and for the pizza each person received a fraction of a pizza.  Mention the notion that fractions and division go hand in hand and could be taught integrated rather than as separate topics. This is a good discussion issue to be raised. Students should be exposed to correct mathematical language and terms like quotient, rational numbers and divisor early, as this will improve student understanding of the concepts. 
Slide 29:
The next sub-construct is fractions as operators. The main idea here is that the fraction has a function that it is performing. You could discuss the visual concept of zooming in and zooming out as a concrete example of fractions as an operator.  Using an approach with a concrete model, a pictorial representation as well as the abstract algorithm is a great way to visually demonstrate this with students and to solve quite complex fraction problems.  Note:  This idea is based on the Singaporean CPA (Concrete, Pictorial, Abstract) approach which is discussed in later modules.
Slide 30:
Students who are not able to partition will struggle with fractions especially using them as operators. You could mention that using a diagnostic test such as that found at Back to Front Maths with students at this stage in the learning process, to determine if they are able to partition, would be highly advantageous. 
Slide 31:
Show participants the video: Fractions as Operators and then discuss the examples in the video either in small groups or as a whole group. 
Ask them this question prior to showing the next slide; 
‘If I have 4 wholes and I divide each up into halves how many halves will I have?’ 
Slides 32 & 33:
These slides demonstrate different approaches for solving fractions problems and will also demonstrate fractions as an operator. To support the learning styles of as many students as possible you could model the situation using concrete materials, drawing a diagram and showing the abstract algorithm. 
Slides 34 & 35:
These slides also demonstrate the use of fractions as an operator but a certain number of pieces are required, so how many wholes are required.  Again using the three approaches with materials or a hands on activity, the use of a diagram and then the algorithm will support the learning of a wide range of students. 
Slide 36:
The final sub construct is ‘fractions as ratios’. It is important to stress the fact that fractions are not ratios, as a ratio is a comparison of two numbers but not a number itself. The relationship of a ratio to a fraction is that the parts of a ratio combine to make a whole and they can therefore be explained as fractional relationships.  
This sub-construct can lead to misconceptions about ratios such that they are the same as a fraction and can be ordered. 
Slide 37:
Show the group the video ‘Comparing Ratios'. 
After watching the video, you may choose to discuss it in a whole group discussion or in small groups
Slide 38:
In this teacher activity you are trying to extract all of the possibilities for describing the picture with fractions and ratios.  That is 4/7 are triangles and 3/7 are pentagons.  The ratios – triangle:pentagon =  4/7:3/7 which is then simplified to 4:3; triangle:whole group = 4/7:7/7 or 4/7:1 which is then simplified to 4:7; pentagon:whole group = 3/7:7/7 or 3/7:1 which is then simplified to 3:7. Generally when comparing with the whole group only the ratio would be used.
Slide 39:
This slide gives an example of how we can use fractions when discussing ratios. You may mention here that developing a misconception about this relationship such that they are the same could lead to students thinking that  means 2:5 in all cases. This will only be true when the ratio is representing the whole. For example if  of a group are under 18 then the ratio of under 18’s to the group can be expressed as 2:5 but the ratio of under 18’s to over 18’s 2:3 which does not mean  of the over 18’s.
Slide 40:
This slide is a visual example of fractions as ratios. You could have a variety of concrete examples to demonstrate this. Abacus beads, centi-cubes and blocks are good models to use.
Slide 41: Teacher Activity
Ask the participants to answer the two questions either in a think pair share activity, small groups or in a whole group discussion. You could use ‘Padlet’ or another web based app to engage teachers in the activity and record their answers. If not available you could use butchers paper or sticky notes.
Slide 42:
This topic will identify and explore the big ideas of fractions in the Australian curriculum. You may choose to print copies of the curriculum documents to hand out to participants or provide the web link to the ACARA site.  
Slides 43:45
The purpose of these slides is to outline the strands and sub-strands contained in the F-10 Australian Curriculum. It is important for all teachers to know prior and post knowledge areas in order to see the big picture. You may prefer to show participants the progression of the big ideas in number which focuses on trusting the count (foundation), place value (years 1 - 2), multiplicative thinking (years 3 - 4) , partitioning (years 5 – 6), proportional reasoning (years 7 – 8)and generalising (years 9 – 10) Assessment for Common Misunderstandings (Siemon, 2006) 
Slides 46:49
The following 4 slides map the fraction big ideas to the curriculum year levels. You may choose to hand out some Australian Curriculum mapping documents or the following Paul Swan Curriculum Thread document to assist in this discussion.  
Slide 50:
The purpose of this slide is to ensure that all participants are familiar with the language of fractions used within the AC. Terms such as ‘related denominators’ and ‘simple fractions’ may be new to the vocabulary used in the classroom and will impact directly upon assessment requirements, if students are only to be assessed on working with fractions that have related denominators for example. The words are hyper linked to the ACARA web site. You may choose to omit this slide and provide it as a hand out. You could salso run it as a teacher activity where each was given a word and had to find the definition on the ACARA Glossary page and then share that definition with the group. 
Slides 51 and 52:
This slide defines rational and irrational numbers and relates them to one another and the set of Real numbers. You may then relate this back to the AC documents that introduce Real Numbers as a sub-strand in year 7 and beyond.
Slide 53:
The classification of numbers into Number Sets is an integral part of the understanding of Number. Students can benefit from being exposed to the concept of number sets as they develop an understanding of number. Set notation and the language of sets is also important to assist in the development of number theory. Set theory used to be explicitly taught in the Primary years however it appears in the year 8 curriculum with Venn Diagrams and probability and then again in Senior Secondary Set theory.
Slides 54 & 55:
The Number line is a tool for representing numbers as a measure. It is crucial that students understand the spacing of numbers and that the linear position of the number is based upon the relative size of the number to the other number on the line. If students are unable to partition they may struggle with this concept. Asking a student to place the number 5 on a number line marked 0 – 100 will demonstrate whether they understand this concept. Students can struggle with the idea that there is an infinite number of fraction between 0 and 1 and so on. You could make the reference to zooming in and zooming out of a picture. You could also do a teacher activity here to demonstrate relative size and the number line. Place one participant at one end of the room and another in the opposite corner. If you give them the number value of zero and 1, you could then get the other participants to arrange themselves between the two and discuss what fraction they all represent.
Slides 56 & 57:
The following 2 slides give a summation of what research tells us about the teaching of Fractions and reiterates the importance of Fraction Sense in the Australian Curriculum. You may choose to end the session here or continue into module 2: “Misconceptions”.
Slide 58: Reflection
You can do this as a whole group activity allowing participants to provide input or as a “Think Pair Share” or as a self reflection allowing teachers to complete a sheet containing these and/or other questions for a personal reflection of the session.
Slide 59: Acknowledgements
Summary
It is crucial for teachers and students to understand what it means to have Fraction Sense. To appreciate that Fractions are numbers and therefore are treated like numbers in a variety of contexts. To understand the Big Ideas surrounding Fraction in the Australian Curriculum, Teachers and students can use the AAMT Top Drawer Teacher resource as a guide and as an instructional model.
Further ideas
Singapore Mathematics:
http://www.singaporemath.com
http://www.thesingaporemaths.com
Fraction Sense: 
http://www.3plearning.com/wp-content/uploads/2014/06/Mathletics-Nurturing-Fraction-Sense.pdf
Nurturing Fraction Sense by Nicola Herringer 3P learning
https://www.merga.net.au/documents/RP722008.pdf Fractions as a Measure by Monica Wong and David Evans
Kieren, T. (1980). The rational number construct: Its elements and mechanisms. In T. E. Kieren (Ed.), Recent research on number learning (pp. 125-149). Columbus, OH: ERIC/SMEAC. 
Assessing Students’ understanding of Fraction Equivalence, AAMT 2001 written by Monica Wong and David Evans
 https://nrich.maths.org/10496 Article by Jennie Pennant and Liz Woodham
Published November 2013
Fractions: Teaching for Understanding, The Australian Association of Mathematics Teachers (AAMT) Inc. 2011
https://www.merga.net.au/sites/default/files/editor/books/1/Chapter%202%20Siemon.pdf
National Curriculum Board. (2009, May). Shape of the Australian Curriculum: Mathematics. Melbourne: Commonwealth of Australia 
How to Teach Fractions on a Number Line Using Fraction Tower Cubes | ETA hand2mind https://youtu.be/OHiNYPeixa4
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