PROBLEM:
  Paper Roofs

CRITERIA:  Explore
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	Level 1
	Level 2
	Level 3
	Level 4

	Student Work
	Distance from        Breaking

Two Books (cm)      Weight

25 2

20 4

15 11

10 17

 5                         58
	In my group we gathered data and had experimented how many pennies would it take for the strip of paper to fall.  In the first try we put 1 layer of paper and dropped 17 pennies for the paper to touch the desk.

   # of layers        # of pennies

1 17

2 54

1 17

1 42

After we tried 1 layer we tried using 2 layers of paper and the number of pennies that was able to hold the layer of paper until it touched the ground was 54 pennies.  After using 2 layer we used 1 layer of paper and got the same number of pennies as we got at first, 17 pennies.  Lastly we used 1 layer of paper again and this time we got 42 pennies.


	Number of           Number of

  Papers                   Pennies

1 5

2 10

3 14

4 23

5 34

6 34

7 57

8 65
	Layers of Roof       # of Pennies

1 2

2 7

3 11

4 18

5 21

6 29

[Later in the paper the student made the following comments.]

There are ways in which my group could have improved data gathering techniques.  If each of the layers were not being re-used, but were fresh sheets, the roof may have been able to bear more weight since the paper was weakened each time it was bent.  Also, more data could have been collected, or re-trying the experiment since mistakes could have been made due to human errors, or chance.  Re-doing the experiment would result in more accurate data since an average could be collected.

	Rationale for Level Grade
	The data is connected to the problem in that it examines breaking weight, but is inappropriate for this inquiry because the other variable is distance rather than number of layers.
	The data being collected is of the right type, but is limited in scope.
	The data being collected is appropriate to the problem, and is of sufficient quantity to proceed with a reasonable analysis.
	The student has reflected on the data-gathering process and suggested two ways of collecting more reliable data.
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CRITERIA : HYPOTHESIS

Test Question : Given regular pentagon ABCDE, as shown :


(i) Form one hypothesis about midpoint pentagon PQRST.

(ii) What other hypotheses do you think that you could confirm about midpoint pentagon PQRST?

	Criteria
	Level 1
	Level 2
	Level 3
	Level 4

	Formulation and defense of a hypothesis
	Forms a hypothesis that connects a few aspects of the problem
	Forms a hypothesis that connects some aspects of the problem
	Forms a hypothesis that connects sufficient aspects of the problem
	Forms a hypothesis that connects aspects of the problem with a broader view of the problem

	Student response
	(i) “I think by constructing each midpoint, they would form 10 congruent right angle triangles”

(ii) “Each midpoint measures the exact same. I measured and they all equal 4.4 cm”
	(i) “The midpoint pentagon will form 5 congruent triangles”

(ii) "The triangles have equal areas."
	(i)” I think that the midpoint pentagon would be a regular pentagon (sides all the same length).

(ii)”The midpoint pentagon is half the size of the original pentagon”
	(i)”If a midpoint pentagon is drawn in a pentagon, then the ratio of the area of the midpt pentagon to the area of the pentagon is 1:2.

(ii)”If a midpt. pentagon is drawn inside a pentagon then:

a) The <’s in midpt. pentagon PQRST are equal to the <’s in pentagon ABCDE

b) the sides of the pentagon are 5/6 of the sides of the midpt. pentagon

	Rational
	Hypotheses formed connect only the midpoint aspect of the problem. The student has not connected them to a pentagon.
	Hypotheses formed refer indirectly to the midpoint pentagon.
	The hypotheses formed about the midpoint pentagon can be confirmed or refuted.
	The three hypotheses formed refer to three distinct properties about the midpoint pentagon which can be confirmed or refuted.


PROBLEM:
  Paper Roofs

CRITERIA:  Model
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	Level 1
	Level 2
	Level 3
	Level 4

	Student Work
	[A scatterplot is made of the data.  There is no evidence of reflection on the model.  No line or curve of best fit is drawn, and no attempt is made to find an algebraic model.]
	[A scatterplot is made of the data.]

With the information we have, we can write a general rule

  Coins = layers x (somewhere

               Between 4 and 6.5)
	[The student shows a scatterplot of their data together with a line of best fit.  There are several outliers that are not commented on.]

In the table, because the first difference is not constant, therefore a formula cannot be made.  But from the graph a formula can be made using the line of best fit.

  5 * # of sheet = # of penny

      that the paper can hold

[There is no explanation of where the “5” came from, and in fact it slightly overestimates the slope of the line of best fit.]
	[The student shows a scatterplot of their data with a line of best fit]

The relationship is fairly strong since a line of best fit can be made.  However, some of the points are slightly off, but it could be due to human errors.  Using the line of best fit the following data has been created:

  Layers        Weight         (Weight

     1                   4               

     2                  8                  4

     3                  12                 4

     4                  17                 5

     5                  21                 4

     6                  25                4

[These points were taken from the line of best fit.]

Using that data, there is a common first difference of 4 approximately, and therefore a formula was created:

      4 x (Layers) = (Weight it will bear)

	Rationale for Level Grade
	The model does little to represent the trend (or range) of the data.
	The student has not presented one model that represents the data.  Rather, he/she presented a selection of models that in some way (not very precisely) represents the data.
	The model represents most of the range of data but not all, since no mention was made of the outliers.  There is no evidence of reflection on the model.
	A good model was created (the scatterplot).  The “goodness-of-fit” was reflected on, and mention was made of the points not represented by the line of best fit (so the model represents the full range of data).  The general trend exhibited by the data was then represented with a more powerful model, namely the equation of a line.


PROBLEM:
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CRITERIA:  Transform/Manipulate







	
	Level 1
	Level 2
	Level 3
	Level 4

	Student Work
	You can’t really be accurate. The closest would be if you take 5 paper and multiply it by 20 it’s 100. Then the pennies is 34 for 5 so 34x20=680 pennies
	[The student had modelled the data with the equation

4.3x(layers)=(pennies)]

4.3x100=43

The roof can hold 43 pennies.
	[The student had modelled the data with the equation 4x# of layers=# of pennies]

Let x represent the load that 100 layers would bear.

X=4x100

X=400

Therefore the roof would bear 400 weights.
	 [The student modelled the data with an equation, and then correctly used the equation to predict the breaking weight of 100 layers.

He/she then sought to confirm the answer by dividing each breaking weight collected by the number of layers, then multiplying by 100. The results were averaged and compared with the answer previously obtained.]

	Rationale for Level Grade
	The method is logical, but is based on one piece of data only (a major omission of the rest of the data)
	The method is correct, but a minor calculation error was made
	The equation has been used correctly to solve the problem.
	The equation as correctly used to solve the problem. The results were then confirmed through use of an alternate method.


PROBLEM:
  CN Tower

CRITERIA:  Conclude/Infer
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In this problem students are asked to predict the number of times they would have to fold a piece of paper in order to have a stack that reaches the top of the CN Tower.

In each case, the student has gathered reasonable data and either extended the patterns observed or modelled the data with an equation.

	
	Level 1
	Level 2
	Level 3
	Level 4

	Student Work
	[The student has gathered data and correctly extended the patterns observed.  The correct answer is shown in the student’s chart.  This is ignored in favour of…]

The CN Tower is 55000 cm tall.  It takes 50 layers to make 1 cm, so there are 2750000 layers needed.  Each fold produces 2 layers, so 2750000/2 = 1375000 folds are needed.
	[The student gathered data and correctly extended the patterns observed.]

The student highlights or points to the correct answer in the chart created, and states the correct answer beside it.
	[The student modelled the data with the equation 

  2^(# of folds) / 75 = height

He/she then used the model correctly to find the required number of folds.]

When there are 22 folds the stack reaches a height of 559.24 m, which is too high.  When there are 21 folds the height is 279.62 m, which is too low.  22 folds is the closest.
	[The student modelled the data with the equation

0.01 x 2^(folds) = height

He/she used the model correctly to find the required number of folds.]

This is the answer I get with the formula.  But I think the real answer would be less because when I tried folding I found that the more folds there were, the harder it was to make the folds flat.  There was more space between the layers.  So I think the real answer would be something less.  Plus it would take a really big piece of paper to let you do that many folds.



	Rationale for Level Grade
	The model created has been abandoned.  The conclusion has limited connection to the problem solving process the student used (he/she collected information about the number of pieces of paper in a 1 cm stack) 
	The justification connects to the model created, but the teacher has to guess at the reasoning the student has used to connect the answer to the problem solving process.
	The conclusion is based directly on the model created and the problem solving processes used.
	The conclusion is based directly on the model created and the problem solving processes used.  There is evidence of reflection on the reasonableness of the conclusion.


