ITEPS	Format for preparation	Design of a big maths problem

	“Mathematical problem”
(design form largely follows EMSM ch.3 and ch.4)



Preparations by 
(Names students and name of the group) : Hannah Taylor & Lieke Wolbers
Part 1: general info, content and task

	School

	International School of Twente

	Grade or target group

	K/1 1/2

	Teacher:

	Nicole Von Hollen and Danielle Overweg

	Pupils

	12 & 21

	Important
information-starting point

	[bookmark: _GoBack]K/1 is an intake class, which means there are new children coming into the class once in a while and the overall level of the class is quite hard to define because of that.

The initial situation for K/2
Some children are still at the corresponder level of thinking (J.A. van der Walle) whilst the children who have been in the class for longer are already at producer level. This is the intake class which means new students can come in when they turn four. The level of the students differentiates from the point they come in to how fast they learn the new material.


1/2 has a range of abilities, the youngest being newly 5 year olds who are still learning to skip count, to older 6 year olds who have a very good understanding of number relations and of addition and subtraction.

The initial situation for 1/2: The majority of the  students are all at the normal learning trajectory for counting (van der Walle) and have a basic understanding of addition and subtraction. Repeated subtraction has been briefly covered but the concept of 'division' has not. The lower ability students are still learning to skip count by 2, 5, and 10.




	Type of problem

	Division, Fractions & Subtraction (K/1)

	Mathematics
Domain
Principles 

	How to divide/make fractions
Fraction language
Finding remaining/hidden numbers

	Learning objectives 

	In this lesson all students will learn and demonstrate how to divide and make fractions. The older higher ability students will also learn to identify and name fractions. For the younger higher ability students they will focus on counting objects and finding the number of the amount hidden.

	Materials 

	Gynzy, Fake cake, Work sheets, Pencils & Erasers



	The context
In this lesson the children will make a start with fractions within a meaningful context; dividing cake on a birthday. For K/1 they will talk about counting and addition as well. 1/2 focuses more on the fractions, fraction language and notation.

	Solution of the problem: (on your own level):
Grade K/1
We have cakes that are cut into X pieces. How many do we need for the full class? 

If we have one cake for a party with 4/5/6/8/10 people how can we divide the cake evenly?

How many pieces are already eaten? (Cake of 10 pieces is missing some)

Grade 1/2:  How many cakes do we need if we have 24 minions at the party, and each cake can be cut into a maximum of 8 pieces? 

3 cakes 8 pieces each

How many cakes with 4 slices each would we need to feed 14 minions? How many slices are left over? What fraction of the cake is left over?  4 cakes with 2 slices left over ½ of the cake



	Concerning the Japanese lesson study approach:
In the school one of you gives the lesson, and the other(s) are observers.
Each day there is another teacher.
Make a decision about the aspects of observation. 
You can use the following suggestions:  
· the introduction of the problem
· the reaction of the children at the introduction
· the way of solving the problem(s) by the children
· the questions and interventions during the lesson
· the questions and interventions during the maths congress
· the moment of making photo’s 




Part 2: The three-phase lesson plan

A. The Before phase of a lesson
	K/1:
· Talk about sharing with the class, teacher-guided conversation, mostly question and answer
· Counting how many Teddybears we have in our class to share cake together
· How many cakes (1 cake has X pieces) do we need for everyone in our class to get a piece of cake? (Cake used as intro into remembering about the invitation)
· Read out invitation to Count von Count's party and him asking for their help
· Think about what material we could need to help out and motivate they'll be able to do it, possible act like I don't know myself but I need the Teddybears' help with it
· Solve cake sharing among class problem first to start of problem solving skills thinking and then introduce the big problem to them in a helping a character form

I want the students to take away from this lesson a better understanding of dividing a circle into the same area pieces. This is handed to the children in a meaningful context with some fraction language which they now understand. The lower ability will be able to count pieces in a cake and think about how many pieces are left if some are eaten (counting). The higher ability will be able to count how many pieces are there in a 10-piece cake and can tell me how many are missing when taken away (subtraction/Making 10).

1/2:  
· Read invitation for help letter from King Bob
· Review addition/subtraction with introduction question: How many minions will come to King Bob's party? 
· Bob invited 100 minions and at first all of them accepted, but one week before the party 25 minions called to cancel, five days before 25 more minions called to say they were busy, three days before 25 minions got called in by Gru to help and couldn't make it to the party, the day of the party 1 minion called in sick and cancelled. 
· Using a visual aid and discussing as a class each step of the solution. I.e. hundreds charts, large number line, minions images x a lot
· Give big question problem and discuss strategies/ideas/materials to approach the problem. I.e. drawings, cake pieces, repeated subtraction
· Show visual depiction of big question and emphasise which numbers are meant for which operation: 24 minions – total minions 8 equal slices of cake per one cake** more explanation maybe needed to understand whole and parts
· The higher ability students will have a minilesson after the main lesson which extends their knowledge of fractions and introduces fraction language
· 
By the end of the lesson I hope that the students will have a general understanding of fractions and fraction notation, as well as have learned the repeated subtraction strategy to solve division problems. For the higher ability students, I hope they will be able to correctly name fractions in notation or visual representation form, using fraction language.



B. The During phase of a lesson
	We imagine that the pupils will ……… 
· be specific about the maths part 
· there is more than one hypothesis.  
· 
K/1
· Try out student-invented methods on the paper and board.
· Count aloud the pieces when finding the amount for the class.
· Have trouble with talking only in pairs and staying focused on the subject at hand.
· Have very clear different levels within the classroom.

1/2
· The newer students to the class (younger/lower ability) will need more visual representations to comprehend the question
· Have trouble understanding what is asked of them (l.a or EAL) more visuals needed
· The higher ability students might get bored if I stay too long on the counting topic and do not move quickly enough to the calculation part.
· Confusion of which numbers to use, may ask for another explanation


	Support (scaffolding):
· questions to ask
· interventions during coaching the pupils 
K/1
· Why do you think this is fairly divided?
· How many pieces are in one cake?
· How many pieces are left over?
· How many pieces do we now have? 
· How do you know that?
· Is there a different way we could've found out?
· How do we know the pieces are fair?
· Can we make counting easier? (Doubling/Making ten)
· Can you explain that to the class?

1/2
· How many cuts are there? 
· How many slices?
· What are ways to model/show our thinking or help us solve the problem?
· How can we divide the cake evenly amongst the minions? 
· How can we find out how many cakes we need?
· How can we show that?
· How much of the cake has been eaten? How much is left?





C. The After phase of a lesson
	K/1
When the students finish the big problem of sharing a cake into equal pieces for everyone I want to talk about their solutions all together. They should have their answer noted on a worksheet and they can use that to explain to the class what they did. I want to discuss with them how they solved the problem. I want to point out things like how can use different ways of counting the pieces and how to make sure the pieces are all about even (to get 6 pieces you divide the whole cake in half, then you need three pieces a half by using doubles 3+3=6, which is easier to evenly divide then 6 over the whole).  
To continue the same theme, I want to do an activity with about 4 students at a time in the afternoon where I've got a physical model of a cake with 10 pieces. I want to divide the lower and higher ability so that they're in different groups to make sure all the children are challenged at their own level. With the lower ability I'm going to have the full cake of 10 pieces to start, count the pieces and then take some away as if eaten. Then we're going to count how many are left and write down the equation in a formal way (10-2=8). The lower ability focuses mainly on counting and notation of the equation. 
With the higher ability I want to start the same, with counting the pieces in the 10-piece cake, but then take some away when their eyes are closed. Then they need to tell me how many pieces are gone by calculating this in their own way. I want to use the notation of X+X=10, e.g. if I've taken away 4 pieces we'll write down 6+_=10. They can use their own strategy but I want to make sure we can all follow their thinking while explaining how they did it. The focus is on their strategies and way of thinking. We do write all of them down formally in the way mentioned before, but I don't expect them to use this way of notation with other contexts just yet.

1/2
After the students have started to come to an answer, we will share and discuss the strategies of their solutions. The students can show and explain how they modelled their problem and how they used the model to solve it. The students will discuss each strategy and what they liked or learned from it or how the strategy might not work. After everyone shares their solutions, the students will come to an agreement on the answer. I will show them on straight forward strategy that can be generalized for other similar fraction problems. If a student or group of students have used the same strategy I will ask for their help to explain.

In a continuation lesson with the higher ability students, I would like to work further on fraction language and fraction notation. For this minilesson I will use cake models to represent the fraction notation and name each unit fraction. I will then show a unit fraction cake piece and have the students name them. To make it a bit more difficult I will add other fractions with the same denominators as we have covered. Then we will solve a "mini" Big Question. How many cakes with 4 slices each, would we need to feed 14 minions? There are a few sub-questions that I want the students to think about while solving; How many slices are left over? and What fraction of a whole cake is leftover? As with the main lesson, I will give the students plenty of time to work together or independently on the problem using whichever materials they please. Then we will come together as a group and share our solutions. I want to put particular emphasis on the parts left over, and the correct naming of the fractions. However this comes after the students have all shared their ideas without any positive or negative feedback from me.



Part 3: Reflecting on the design

	Alignment
Key vocabulary: Fractions, Slices, Counting, Addition, Subtraction, Halves, Quarters, Whole, Fourths, Half, Total

Visuals/support: Cake model (both not-physical and a physical fake 10-piece and 8-piece cake), fraction model Gynzy, Visual depiction of big question, Images of cake fractions, worksheets


	Student approaches
Encourage use of models, drawings, etc. From the students age appropriate

Misconceptions possible: 
· Naming 1/4 as "one out of four" or "one over four" (ratio/probability language)
· Students may think the numerator and denominator are separate values and have difficulty seeing them as a single value
· Students thinking of the numbers separately may think that the numerator means any number of any sized part, not as equal parts.
· Is not systematic when sharing into equal groups, using a ‘one for you’ approach; does not use the language of division to describe the process.
· Does not use knowledge of doubles to find half of a number; for example, continues to find half by sharing using a ‘one for you’ approach and cannot apply knowledge of doubles.
· Not being able to make equal pieces

How to address misconceptions:
· Use correct fraction language when introducing them
· Model and explain the numerator and denominator, emphasis on the equal sized parts of the numerator
· Making sure the students understand the question of sharing equal and are able to use the proper vocabulary, e.g. ‘divide by’ and ‘share equally’
· Repeat prior knowledge at the start of the lesson and possibly repeat in the lesson to re-activate this
· Letting students repeat new vocabulary before having to use it themselves


	Essential questions
Straight forward simple sentence structure questions:
· How can we give each minion one equal slice of cake?
· How many slices are left over?
· What fraction of the cake is left over?

Questions at each phase:

Before: 
· K/1:
· How many cakes (1 cake has X pieces) do we need for everyone in our class to get a piece of cake?
· What does sharing equally or fairly mean? 
· How can we share 1 cake with 2 people?
· Can we help Count von Count?
· 1/2:
·  How can we figure out how many minions will be at Bob's party if they keep cancelling? (take away number minions cancelled from total invited)
· What operation is this called? (subtraction)

During:
· K/1:
· Big Question: How can we fairly divide(share) the cake for(with) X people?
· Why do you think this is fairly divided?
· How many pieces are left over?
· How many pieces do we now have? 
· How do you know that?
· Is there a different way we could've found out?
· How do we know the pieces are fair?
· Can we make counting easier? (Doubling/Making ten)
· 1/2:
· Big Question: How can we give each minion one equal slice of cake?
· What are materials/models to use to show our thinking or help us solve the problem?
· Can you show me how you are solving the problem?
· How many minions do we start with?
· How many minions can be fed with one cake?

After:
· K/1:
· Can you tell us how you solved it?
· Why did you do it this way?
· Did you use the same method we used all together?
Continuation:
· How many pieces are there in the cake?
· How many pieces got eaten?
· Can we write that down?
· Can you count how many are left?
· How can we know how many pieces are left without counting the pieces?
· Do you know how many pieces are still there?
· How many pieces got eaten?
· Is more or less than half of the pieces gone?
· How can we find out how many pieces got eaten?
· 1/2: 
· What materials/model did you use?
· Can you explain how you used this model?
· Can you explain how you solved the problem?
· Were there steps you planned to solve the problem? What important steps did you notice? 
Continuation:
· How many slices are leftover?
· What fraction of the cake is leftover?
· Repeat questions from main lesson.






Part 4: The lesson

	Notes of the observer: 


	Notes of the teacher: 




Part 5: Analysis, improvements

	Reflections and analysis, refinements and adjustment: 
(use also work of pupils and photos (if allowed) to adjust your thinking, look back on the interactions and interventions and the effect on the children and the reaction of the children, look back on the math problem and the different levels of solutions, look back on the math model, etc.) 


	Conclusion and targets for the next investigation. 
[image: ]



	Designing the next problem/investigation

(The process repeats)
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