Two “Paper Roofs” Scripts
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Always wanted to try a rich learning or assessment task, but weren’t sure how they worked?  Didn’t know how to pull out the math, or what math to pull out?  What questions your students might ask, and how to respond?  These scripts are intended to give you a hand, by providing an example of:

· how an activity can be used as either a learning or an assessment activity

· how such an activity might “play out” in a classroom

Script #1: The Learning Activity
In this script it is assumed that students have investigated linear and non-linear relationships, and are comfortable with scatterplots, lines of best fit and first differences.  It will be noted that the teacher highlights the Inquiry Model throughout the activity.  Hopefully students will have some experience with the model already, but if not, this activity can serve as a good introduction to it.  In that case, students may need more direction for the report they are expected to write, and it would certainly be recommended that the follow-up suggested at the end of the script be done.

The script is intended to provide ideas and support, not to limit either the teacher or the students.  The flexibility of the teacher to follow where the students lead is essential to a fun and productive activity.  The activity should be able to be completed in a 75-minute class.

The following materials will be required for each group of 3-4 students:  

· one paper cup and about 60 pennies 

· a dozen paper strips measuring approximately 28 cm by 10 cm 

· two books the same size 

· Students are divided into groups.  Each group is provided with strips of paper, a paper cup and a supply of pennies.

· Teacher:  “Today we are going to conduct an experiment that models how materials that are used to construct roofs are tested for strength.  Our material will be paper.  We will use strips folded like this, and we will test the paper’s strength by making a roof of a certain number of layers, propping it up on both ends with a book, and seeing how many pennies we have to put in the paper cup resting on top to make it collapse.”  

· The teacher demonstrates with a roof made of one layer of paper.  

· Teacher:  “Our goal will be to predict how many pennies (called the ‘breaking weight’) will be needed to collapse a roof made of 100 layers of paper.  It’s not practical to construct such a roof, so we’re going to conduct an experiment and use all the mathematical tools we have been studying to make our prediction.  The first step of an experiment or inquiry is data collection.  In your groups, discuss how you are going to collect good, reliable data to help you solve this problem.”  
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· Group discussion.  Ideas will probably include having the independent variable (the number of thicknesses) increase by regular amounts, making sure the books stay the same distance apart, placing the pennies in the cup slowly rather than dropping them in, conducting multiple trials and averaging the results, and deciding the maximum number of layers to test.  If any of these do not come out in discussion, the teacher may have to ask questions like “What factors could affect the breaking weight?  Is it important that we control these?  How could we control these factors?” or “What do you think the data is going to look like?  Will it be clean data or dirty data?  How can we make sure that the data we collect is as reliable as possible?”  Any ideas that do not come out at this point could be brought out during reflection at the end of the activity.

· Groups proceed with their data collection.

· Teacher:  “You have completed the ‘Exploration’ step of the inquiry process.  Now comes the hypothesis step.  Based on the data you collected, how many pennies do you think will collapse a roof of 100 layers?”

· Students share their hypotheses.  The teacher will highlight that good hypotheses are reasonable, are justified, and are based on the results of the exploration.

· Teacher: “What can we do with our data to see whether our hypothesis is correct?”

· Students offer various suggestions: organizing the data into a table and calculate first differences, and constructing a scatterplot and a line of best fit will be the two most popular choices.  

· Teacher:  “You are offering good suggestions for things that fall in the ‘Model’ stage of the inquiry process.  Let’s try both models.”  The teacher calls one pair of students to share their data in a table on the board, another pair to calculate the first differences for that data, a third pair to construct a scatterplot on the board or on an overhead acetate, and a fourth pair to draw a line of best fit.

· Teacher: “Let’s start by describing the relationship we see.  What words could you use to describe this relationship?”

· Students: “Linear, increasing, medium [or strong] correlation.”

· Teacher: “What do you see in the table of values that tells you this is an increasing relation?”

· Students: “The first differences are all positive.”

· Teacher:  “What about the fact that it’s linear?  I thought that in order to be a linear relation, all the first differences must be the same, and they aren’t.  Who can explain that?”

· Students: “It’s not a perfect correlation, so the first differences aren’t all exactly the same.  But they’re in the same ballpark.  This is ‘dirty’ data, not ‘clean’ data.”

· Teacher:  “Why isn’t there a perfect correlation?  What factors might have affected the data?”

· Students: “Pennies from different years or different countries might have different weights.  The pennies might have been dropped in the cup sometimes and placed other times.  The distance between the books might have changed.  We might not have put the cup exactly in the middle.  We re-used the collapsed papers and maybe that made the roof weaker.”

· Teacher: “How could we have collected our data differently, to make it as ‘clean’ as possible?”
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· Students: “Put the pennies in the cup the same way every time.  Made sure the books stayed the same distance apart.  Measured the spot where the cup would go.  Used fresh papers every time.  Conducted three trials for each thickness and found the average breaking weight.”

· Teacher: “Okay, we’ve modelled the data.  What can we do with our models to find the answer to our question?”

· Students: “Extrapolate using the line of best fit.”

· Teacher: “Great!  Go ahead and do that now.”

· Students: “But we can’t – our graph doesn’t go up that high!”

· Teacher:  “How can we solve that problem?”

· Students: “Make a new graph that does go that high.”  “Use the table instead.”

· Teacher:  “Okay, why don’t the two of you make a new graph that does go that high, while the rest of us look for another option.  Is there a way that we could use the table to make a prediction?”

· Students: “Look for a pattern.”

· Teacher:  “Do you see any patterns?”

· Students: “Nope.”  “Wait, can’t we just take the breaking weight for one layer and multiply it by a hundred?”

· Teacher: “Try it.  What do you get?”

· Students: “800.”

· Teacher: “Is that reasonable?”

· Students: “I don’t know.  How can we tell if it’s reasonable?”

· Teacher: “Why don’t you try out your method to predict some data you actually collected, and see if the method works.”

· Students:  “It’s sort of close, but not that close.”

· Teacher:  “Okay, what else can we try?  Is there a way to use the first differences somehow?"

· Students:  “We can’t use them because they’re all different.”

· Teacher:  “Yes, they’re being a bit difficult.  Are they all really different from each other?”

· Students:  “No, they’re all around 10.”

· Teacher:  “Can we be more precise than saying ‘around 10’?”

· Students: “We could find the average.”

· Teacher:  “Great!  Do it!”

· Students:  “The average is 9.5.”

· Teacher:  “What does that mean?  What information does 9.5 tell you?”

· Students:  “It’s the average number of pennies that are needed to collapse each layer.”

· Teacher:  “Can we use that fact to write a formula connecting the number of layers and the breaking weight?”

· Students:  “The number of layers times 9.5 gives the breaking weight.”

· Teacher:  “Great!  Can we use our formula to answer the question?”

· Students:  “100 times 9.5 is 950.  The breaking weight will be 950.”

· Teacher:  “Excellent!  Now how about you two: how’s your graph going?”

· Students:  “We’ve got it done.  If we extrapolate using our line of best fit the answer is about 1100.”
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· Teacher:  “We’ve used two very different methods: we used a graphical technique (the scatterplot and the line of best fit) and a numerical technique (finding the average of the first differences and writing a formula).  Which do you think is better?”

· Students supply various answers.

· Teacher:  “Often, for a problem, we will be able to use a graphical method or a numeric method.  Either is usually fine.  What is especially great is when both methods are used and compared.  Okay, time for a write-up.  For homework I’d like you to write a report about your investigation.  Here are some things I’d like you to include in your report:

· An explanation of how you collected your data, and the factors you considered when you were planning your data collection.

· The hypothesis you made about the problem before you started to model the data.

· A record of the data you collected.

· A model for your data.

· An explanation of how you used your data and the model to help you solve the problem.

· An answer to the problem.  Be sure you have explained your reasoning as fully and clearly as you can.

· Your reflection on the investigation.  Are there things you would do differently if you had to do this again?  Was there anything that surprised you?  Do you understand something better now?  Did the investigation make you think of other questions?  Do you have any thoughts on how well your model fits the data?

· As a follow-up activity the teacher might have pairs of students evaluate each other’s reports using the inquiry rubric.  Combined with class discussion, this would be especially helpful in assisting students to develop their understanding of the criteria of the rubric and how they play out among the four levels. 

· If the teacher wished to have a formal assessment come out of this activity, she/he could assess the students’ reports using the Communication rubric, while at the same time providing informal feedback through the Inquiry rubric.

Script #2: The Assessment Activity
In the Grade 9 Public profiles, this activity is used as a summative performance assessment for Unit 1 – i.e. after students have had experience with linear and non-linear relations, scatterplots, lines of best fit, etc., but before they have any formal tools like slope or the equation of a line.  That being said, this activity is quite flexible in terms of its placement in the course.  If a teacher wished to use it later, students will be able to use more sophisticated mathematical tools in their analysis.  

The following materials will be required for each group of 3-4 students:  

· one paper cup and about 60 pennies 

· a dozen paper strips measuring approximately 28 cm by 10 cm 
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· two books the same size 

In addition, each student should have an instruction sheet, paper on which to write their report, graph paper, and their copy of the Inquiry rubric.  It should be noted that two versions of the instruction sheet are provided here – one with and one without scaffolding.

· When students enter the class they are directed to pre-assigned groups.  

· Teacher: “Today we’re going to do an assessment activity that will simulate how materials used to build roofs might be tested for strength.  Let’s run through how this will work.”  Teacher demonstrates the set-up of the experiment: how to fold the paper and set up the books.  The term “breaking weight” is introduced.  The problem (to find the breaking weight of a roof that is 100 layers thick) is introduced.

· Students are then given the materials they need and directed to proceed.  They will begin by discussing how to proceed with the experiment: how many trials to do for each thickness, how far apart the books should be, how many thicknesses to test, and so on.  This is part of the “design an experiment” expectation (reflected in the “Explore” part of the inquiry rubric), and so any prompting that the teacher gives should be recorded for consideration. Here are some possible questions and responses:

· “Should we place the pennies in the cup or drop them in?”  “Do you think that matters?”  “Yes, because when we drop them in the roof breaks faster.”  “Then what do you need to do to make sure the data you collect is reliable?”

· “How many trials should we do?”  “That is for you to decide as a group.  Remember that you want to collect the best possible data.”

· “How many layers should we go up to?” “That is for you to decide as a group.  Remember that you want to collect the best possible data.”

· “Does it matter how far apart the books are?”  “What do you think?”  “Yes, because when the books are closer together it takes more pennies to break the roof.”  “How will you take that into account when you are collecting data?”  “We’ll have to keep the distance the same.”  “Be sure to include that observation in your write-up.”

· As each group finishes their data collection they return to their desks and proceed with the activity on an individual basis.  The teacher reminds them to consult their rubric as they write.  Some students will be able to proceed independently, some may need substantial prompting, and some will just need reassurance that they’re on the right track.  Any prompting should be recorded in a different colour pen on the student’s paper, to be taken into account when the work is assessed.  Reassurance can come for free.  Here are some possible questions and responses:

· “My graph doesn’t go up to 100 layers.  How can I solve the problem?”  “Can you think of any mathematical tools we’ve used in class that might help you here?”

· “Are you expecting one right answer, or just an estimate?”  “I’m looking for the best estimate you can give me, based on your analysis of the data you collected.”

· “I found the average of the first differences.  Was that right?”  What information will that tell you?”  “It tells me what the breaking weight is for each layer.”  “Will that be helpful to you?”  “Yes, because then I can multiply it by 100 to get the answer.”  “It sounds like you have a clear idea of how to proceed.”
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· “My first differences are all different.  What should I do?”  “Can you think of another experiment we did where the first differences were all different?  What did we do then?”

· Teachers of Applied classes will probably wish to give their students the “scaffolded” version of the instruction sheet.  In addition, they may wish to allow their students to reconvene in their groups for five minutes about halfway through.  The groups can reassemble, without any notes or paper, for a quick discussion that may help students avoid some pitfalls.

· As students complete their write-up of the problem they are asked to take a last look at their work and the rubric, to make a few last improvements.  

· As a follow-up activity the teacher might have students reconvene in their groups to discuss the activity and their results.  The teacher might also have students evaluate sample work using the rubric to increase their understanding of the inquiry process.

Assessment:  Students’ work can be assessed for any of the following:

· TIPS (the full rubric applies

· Communication, in particular:

· Ability to use mathematical vocabulary

· Ability to integrate mathematical and narrative forms of communication

· Ability to explain and justify ideas

Which category/categories, and even which rows of the Inquiry and Communication rubrics a teacher decides to focus on will depend on a variety of factors, including where the focus has been in class and what kinds of assessment need to be done to maintain a balance between the categories.

