Vanderbilt Statistical Reasoning Project

Item set for lesson 1 - Measuring sequence 

SECTION I:  Background


This document contains items for teaching the first sequence of lesson 1. This is a working document that we wish to develop as the teaching takes place. Eventually, this document will be in a friendlier format and teachers could use it more effectively to construct their instruction. 

This is an initial set that contains:

1. Items - classified to three categories:

a. Type: instructional vs quizzes 

b. Construct: Theory of measurement vs modeling measurement

c. Position: pre-activity vs post-activity

2. Short rationales (currently incomplete).

3. Examples of incomplete or incorrect responses and their follow-up questions.

4. Example of a complete response and its follow-up questions.


In order to simplify the language in this document, we made compromises on the vocabulary we used. For example, terms such as body part, unit, method or tool represent many different that teacher would use in class. In class, this vocabulary can be replaced with the relevant terms according to the class activity.  The term body part might become head or arm; unit might become inch or centimeter; tool might become ruler or measuring tape; and method might be replaced with a description of the method used in class. Later, we will add teacher examples for how items can be rephrased in the classroom environment.


In addition, we do not expect that the response examples accurately capture student language. We have learned that student responses tend to be unique and unpredictable. We will add real student examples from the transcripts and quizzes. Also, responses are not necessarily presented in order of sophistication or point in the chain of instruction. This order is likely to be changed based on the instruction. However, the last response (shaded) is always the correct one. 


Because the items are repeated also as follow-up questions, this document contains many possible ways to chain the instruction. When teaching this semester, the teachers will demonstrate many possible ways these items and others can be connected or linked. Teachers may come up with their own wording for these items, or ones of their own. One of the tasks throughout the semester would be to identify which items seemed to work in the class, and how were they linked. This analysis will help us change the document in three ways. First, we will refine the language used in the items and the examples. Second, we will refine the rationales for the items. Third, we will add new items and new examples from the teachers’ classes. 


In summary, teachers are encouraged to try out different wordings of all the items in this set, suggest other items and flexibly order the content. Towards the next round of instruction, we will refine the document further. We may use the information about the chaining of questions that teacher used to investigate success on the quizzes and tests. We might find out that a certain set of questions correlated well with success in the assessments. We can use that set to create a more useful document for the teachers.

SECTION II:  Instructional items 

Topic I : Theory of Measurement

Pre-activity:

1. How could we use this tool to measure this body part? 

It is important that students elaborate on the method for using the tool to measure the body part. Their responses may indicate that they mastered the concepts of measurement from the TM construct, or highlight issues that are still misunderstood. 

	Response
	Follow-up question or discussion

	Is unclear about the details of the method (e.g., how to tile, where to start and stop measurement, logistics of using the tool)
	What is the method of measurement?

How would you measure the body part if it is longer than your measurement tool?

	Describes an incorrect method of measurement
	Follow with a question about the specific TM concept that is missing from the response

	Does not identify the correct unit of measurement
	What should be our unit of measurement?

	Accurately describes the method
	Would you use the same method to measure the…  (a different body part)?

Do you think we all should use the same method? Why?


2. Do you think we all should use the same tool/unit/method when we measure this body part? Why?

This question should be asked separately for tool, unit and method. It is important that students explain why we should (or shouldn’t) use the same tool/unit/method. In their explanation, they should consider how that might affect the outcome and usability of the measurements.

	Response
	Follow-up question or discussion

	“We don’t have to use the same unit.”
	If I used inches and you used feet, how will we compare our results?

How would it help us if we used the same unit?

Lead to a discussion about ease of communication.

	“We don’t have to use the same tool/method.”
	How would using different tools/methods affect the measurements?

	Indicates that it doesn’t matter if tool/method is the same or different.
	Follow-up with one of the MM pre-activity items. 

	“Yes, we should all do the same, because it’s more consistent”
	Why is it better to be consistent?

What would happen if we didn’t use the same tool/method/unit?


3. Which method is better? Why?  

a. Describe the way that the class should measure to get the best values?

It is important that students elaborate why they think one method is better than the other, because they need to get used to explaining such reasoning clearly.

	Response
	Follow-up question or discussion

	Prefers a less accurate or efficient method.

Has no preference
	Ask the student to compare a specific problematic feature in the method to another method. For example: Which would be better for measuring the head, a straight ruler or a measuring tape? 

	Can’t explain why they prefer something
	Think of a situation that your chosen method would be better to use for measurement. 

Discuss the differences between the methods and talk about how those differences relate to accuracy.

	Prefers the more accurate/efficient method
	Go measure!


Post-activity:

4. What was different in the way each of us measured this body part?

	Response
	Follow-up question or discussion

	There were no differences.
	Suggest one similarity or difference and ask student to suggest another 

Suggest one difference and ask student to reflect on the effects. 

	Describe a discrepancy in measurement method.
	Which method do you think is better?

How do you think this difference affects the results?


5. Which method of measurement is better? Why?

a. Which way (or things we did) do you think worked the best? 

6. How could we make the measurements better? 

When students respond to this item, they have already completed the measurement activity and noticed differences between the methods used by some students or at some stations. To follow-up on this question, the teacher can use issues from the discussion following TM item 3.

Topic II: Measurement Model 

Pre-activity:

1. If everyone measures body part, what measurements do you think we will get? 

This is an important question that should be asked before students begin any measurement activity, or when discussing hypothetical measurement scenarios. Students need to learn to develop expectations for the outcomes of their measurements. Responses indicate students’ conception of measurement error and variation.

	Response
	Follow-up question or discussion

	“We will get some value.”

Or does not know what to expect
	Do you expect that everyone in the class will get the same value in their measurements?

	“We’ll all get the same value”
	Why will we get the same value?

Lead to a discussion about measuring and error.

	“We will get all kinds of different values”
	Lead to a discussion about sources of error and their magnitude (MM item 8)


2. If we all use the same exact method, what would you think the results of the class measurements will be like? 
	Response
	Follow-up question or discussion

	Student has no opinion
	Will we all get the same value or different values?

	“We will all get the same value”
	Why will we get the same value?

Lead to a discussion about measuring and error.

	“We will get different values”
	Lead to a discussion about sources of error and their magnitude (MM item 8)

	“We will get similar values”
	Do you think it is possible that we would all get exactly the same value?


3. Is it important that everyone in class measure this body part or could we have just 1 or 2 people do it? 
Students’ responses can indicate what they think about sources of error, how they can be reduced or how multiple measurements may compensate for the existence of errors.

	Response
	Follow-up question or discussion

	Student has no opinion
	Would it be good if only one person measured it? 

	Thinks that everyone repeating the measurement is extra work.
	If one person measured one time, will that be the real length of the body part?

If one student measured, but used the tool wrong, how will you know what is the real length?

What will happen when more than one person measures? 

If three students measured and got the same value- does that make their measurement better? Why?

	“It depends on the person- if the teacher measures, s/he can do it once.”
	Suppose the teacher measured ten times, would she get exactly the same result each time? 



	“When many people measure, we can get many different values, so we wouldn’t know which one is correct”
	Lead to a discussion about:

a. why would we get different values- sources of error

b. sources of error exist when one person is measuring- so it is not a good solution.

c. we have ways to summarize the information from the multiple measurers (summary statistics).

	“More is better”, “if we all do it, we have better chance of getting it right”
	Go measure!


Post-activity:

4. Why did we all get different values? 

a. What’s making our measurements different? 

Responses may indicate initial ideas about measurement error and randomness. 

	Response
	Follow-up question or discussion

	Student has no opinion
	What would we need to do for all of us to get exactly the same value? How likely is it that we could do that?

	“Because we are different people”
	Would you expect to get the same value if you measured more than once?

	“Because we all measured differently”
	What do you expect will happen if we measured again?


5. What would we get if we measured again? 

a. What do you think will happen to our values if we all measured again? Why?

Responses may indicate students’ beliefs about repeated measurement.

	Response
	Follow-up question or discussion

	Student has no opinion
	Will we get the same measurements as we got now, or different? 

	“We will get the exactly the same values we got last time”
	Consider one of the outliers from the class measurement-

a. why did this person get such a large/small value?

b. do you expect that if that outlier person measured again they will get the same value?

Lead to a discussion about sources of error.

	“We will get similar values to what we got before, but not exactly the same”
	Will the values we get be more or less similar to each other than the first time we measured?


6. Suppose we all used the same exact method, what would you think the results of the class measurements will be like? 
	Response
	Follow-up question or discussion

	Student has no opinion
	Will we all get the same value or different values?

	“We will all get the same value”
	Find two students who used the same method and tool but got different values. Lead to a discussion about why that might be- other sources of error.

	“We will get different values”
	How would these measurements compare to the measurements we did now? Lead to a discussion about magnitude of error.

	“We will get more similar values”
	Do you think it is possible that we would all get exactly the same value?


This question is relevant if the students use hand-made tools in their activity. Otherwise, the question can be reversed- asking about using hand-made tools and how that would affect the outcome.

7. What’s making our measurements different? 

a. How much do they make our measurements different?

b.  Suggested factors-

i. Who is measuring (tall vs. short, girls vs. boys)

ii. What we measure (head is round and more difficult to measure than the arm, hard to hold arms straight for wingspan)

iii. What tool (flexible, handmade, same for all)

iv. Number of measurements

v. Method of measurement (where do you start and where do you end, how do you trace the body part with the tool).

	Response
	Follow-up question or discussion

	Student has no opinion
	Does it matter if the person who measures is tall or short? If so, how?

Does it matter if we use a ruler or measuring tape? 

How does that affect the measurements? 

What can you do with a tape that you could not do with a ruler, and vice versa? 

	They all matter – some a lot, some a little bit
	Which things will affect the values the most? Least?

Which things should we change so that we get better (or accurate) values?


 Topic III:  Pre-Display Creation

Questions in this section should be asked after students collect data and before they create displays.

1. What are we trying to find out by collecting all these data?  

Alternate and/or simplified forms of the question:

Why were we collecting this data?

	Response
	Follow-up question or discussion

	I don’t know
	Were we measuring Ayanna’s arm for some reason?  What were we trying to find out by measuring her arm?  What do these values represent?

	Incorrect/Incomplete statement such as:  To get a number,  To see if she has the longest arm,  To see how far she can reach,  To see if her arm gets longer each time we measure
	Will these values be able to tell us about (the incorrect statement)? Why won’t they be useful in answering (student’s name) question?

What exactly did we measure every time?  Why?

	The actual height/length/weight of the object measured. 

The best guess of the length of the arm.
	Go onto #2.


2. So now we have a bunch of (unordered) data, how can we find the actual length (best guess, closest number to actual length) of Ayanna’s arm?

	Response
	Follow-up question or discussion

	I don’t know

I think the actual length is 56.

(56 is not in the central clump)


	1. Do you think it is difficult to answer the question with the data the way we have it now?

2. What could we do to the data so that it easier to answer the question? What should we do with the data so that we can make sense of it? 

3. If we were to order these values, what would we be able to see easily that we have trouble seeing when the data is unordered? 

	Student picks one value. I think the actual length is 45. (45 should be within the central clump or repeated- the student mentally computed this)
	How did you decide on 45 out of all of these numbers?  Why not 46?  What led you to think 45 was the best value? (If the student mentally arranged and looked for trends, prompt the student to explain thinking aloud)

	Order it. 
	What made you think about ordering the data?  What would ordering the data help you do?

(Once student orders data) What can we see now that the data is ordered that we couldn’t see as easily before?

	Order it.  Look at the biggest and smallest numbers.
	Once you know the biggest and smallest number, how will you know what the length of her arm is?

	Order it and look at the highs & lows, and the groups of numbers that are similar. 

Order it and look at the middle value or most often occurring value.
	Why do we care about the highs & lows/similar number groups/middle values/most frequent numbers?  What do the highs & lows and groups tell us about the length of her arm?

	Order it, graph it, and look at the data for trends.
	What types of things should we be looking for?  What types of “trends”?

What do the “trends” tell us about the actual length of her arm?


Topic IV:  Show/Hide and Describe Display

Questions in this section should be asked after the students have created displays.

1. What is one important thing that you can see about the measurements and one important thing that you can’t see (from the display)?

     
Alternate and/or simplified forms of the question:

Show:  What jumps out at you when you look at this graph?


What is the most important thing this display tells us?


What does this display show us quickly/easily?

Hide:  
What does the display hide?

     


What doesn’t this graph show us that we saw before/knew about already?

     


What does this display make it difficult for us to see?

	Response
	Follow-up question or discussion

	I don’t know.


	What is the first thing you think or see when you look at this picture?  What do you know about the data by looking at this graph?  What can you tell me by looking at this graph?

What do you think Tim and Carl (the designers) were trying to do?  Trying to highlight/show?

	Student says one of the following:

Highs & lows. (Min, Max)

Values that are really different than the rest. (Outlier)

This clump here. (Similar values)

There is a hole here. (Missing values)

There is a curve to the graph. (Shape)

6 people got this number. (Repeating values)
	(Prompt for those ideas not discussed)

Are there any values that are really different than the rest of the numbers? What’s going on with this value (point to outlier)?

Are there any values that a lot of people got?

Are there any values that none of use got?

Are there clumps that we can see quickly in this display? 

Are there values that are not exactly the same but are really close?

Are there values that are really different but somehow we grouped them together?

Overall, what kind of shape do you see?

	Student says many ideas from above.
	Go onto #2


2. How does the display help us see what the length of Ayanna’s arm might be?

Alternate and/or simplified forms of the question:

What do these values, shapes, and clumps tell us about the actual length of the arm?

How long is Ayanna’s arm? 

What’s your best guess as to the length of Ayanna’s arm?

Which value(s) do you think is the best guess for the length of Ayanna’s arm?

	Response
	Follow-up question or discussion

	I don’t know.


	Teacher can try an alternate or simplified form.

	I think this value is the right answer (picks an outlier or a value from the ends of the distribution.)
	Why not this one (teacher picks a central value)?

Can anyone think of a reason why this might not be the best guess as to the length of her arm?



	Shows us that the actual value is probably this one (picks a single central value).
	Why do you think that is the actual value? 

Why not this one (teacher picks another central value)?

	Now we know the mean, median, and mode (and min, max)
	But what do those values tell us about the actual length?  Which value should we use (for example, which value do we use if we want to make clothes/shirts that will fit Ayanna)?

	Shows us that the actual value is probably somewhere in the center. 

The actual values is probably somewhere around the biggest part of the biggest cluster.  

The actual value is somewhere in the forties. 
	1. Why do you think that the actual value might be in the forties?

2. So if the actual value is somewhere in the forties, then what are the values over here? (Teacher points to ends of the display.  We are hoping for “over” and “under”) Where are the values that are underestimates? Overestimates?  

3. Go onto #3.


Questions 3 and 4 are precursor items to lessons 2 and 3 but may optionally be used here.

3. How good is our guess about the actual length of Ayanna’s arm?  How can we tell how good our guess is?

Alternate and/or simplified forms of the question:

How close do you think we are when we say that the value is 45? How do you know?  

How close is the value of 45 to the real length of the arm?

Is it a good guess? How do we know how good our guess is?

How sure are you that we figured out the actual length of Ayanna’s arm?

How accurate/precise is our guess?  How do we know?

	Response
	Follow-up question or discussion

	I don’t know.

Student invents unconventional (incorrect) methods for describing precision.

If students need to be prompted/ led.


	How much do we agree with eachother on the measurements?

Let’s see if we can use the display to help us see how close/good/precise/accurate our estimate is?

Is there a way to measure how scattered/different the values are?

Let’s think of a way to show how much we agree.
How close together are the clumps?

How are you thinking about how tightly packed the values are in this region?

If you look at that, where is it the most packed?

What does it mean that a bunch of values are packed in right here?  What does that tell us? How you would explain to someone that this display shows that we were pretty accurate?  

	Student describes how good the guess is by discussing:

1. The amount of agreement the values have with one and other,

2. The amount of clustering around central/similar values, or

3. Characteristics of the display that highlight the wide or narrow range of results.
	Draw out the thinking on each of the correct student statements using the corresponding questions from above.   

Go onto #4


4. How can we cut down on the amount of difference (variation) we have in our measurements?

Alternate and/or simplified forms of the question:

How can we tighten up our measures?

What do you think we can do that would make it a little tighter?

So we want to get better/more accurate values that are closer together, how do you think we should change the way we are measuring?

If you were in charge of making the plans for how the class would measure again, how would you want to change what we did so that you could get better/more accurate values?

	Response
	Follow-up question or discussion

	I don’t know.
	What caused us to have so many different values?

How would the display/values be different if we made more (insert responses from “causes” question such as mistakes/different tools) than we did this time? 

Teacher: Remind students of “causes/effects” discussion from lesson 1-section 1

	Student makes incorrect statements about how to tighten up measures. 

Some undesirable statements might be “have less people measure,” “delete the values from the ends,” “only measure once.”
	Less people measure:  What if the people who we pick to measure are the ones that got the highest, lowest values, did we tighten up? And now what happened to the cluster in the middle that had so much information for us?

Delete values:  What happens if we just delete the values we don’t like?  How many can we delete? (We need a better follow up here…)

Measure once:  Do you think we are likely to make more or less mistakes when we measure again?  Do “less mistakes” make our values more similar or different?  

	Student explains that values will be closer together (tighter) if we:

1. Are more careful next time

2. Ensure that everyone does the exact same thing when they measure

3. Simply measure again or have more people measure (since we will get better at measuring by doing it again) 

4. Measure something that is easier to measure
	Probe for other explanations.

Perhaps move to discussion of sources of error and amount of variation caused by sources.  (See the Lesson 1-Section1 items)

How would it help to have more measurements?




Topic V:  Comparing Displays

1. How are these two displays similar?

Alternate and/or simplified forms of the question:

How are they different?

What can you see with this display that you couldn’t see with the other graphs?

     

What is harder to see?

What do you see in this graph that tells you something important about the data?

What do these two graphs each tell you about the length of Ayanna’s arm?

	Response
	Follow-up question or discussion

	I don’t know.
	Are the displays the same type (histogram, stem & leaf, ordered list)?

What is the first thing you notice when you look at this graph?  And this one?  (If student doesn’t find a difference, probe for “something else that you see in this graph, and is that the same in the other graph?”) 

	Student provides superficial differences such as color, font size, labeling
	Right, those things are different, but what about these two displays that have similar colors/fonts/labels, what is different about those two?  What can we quickly learn from this one that we cannot see in the other one?

Besides differences in format, are there differences in what you can learn about the data from one that you couldn’t see in the other?

	Student provides differences such as type, interval-size, units
	(Teacher can ask the answering student or the display designer to explain why they chose those intervals)  Why do you think Tim and Carl chose this type of graph?  Do you think they were trying to emphasize or hide something?  Is this other graph by Destini and Kayla trying to show/hide the same thing or something different?

	Student provides differences in the key take-aways from each display and ties the take-away to the display design decision.  
	Do you think any of the other graphs are trying to show/hide the same thing?  

What other display differences show us something more easily than the others do?

Go to #2.


2. What are some different ways we each organized our data?

Alternate and/or simplified forms of the question:

What did you do when you organized your data that is different from what the other students did?

Carl, what did you do when you organized your data? (allow him to respond) Now, Destini, how is this different than what you did to organize your data?

	Response
	Follow-up question or discussion

	I don’t know.
	What did you do when you organized your data? 

Is that the same thing that KK and Micah did when they organized their display or did they do something different? 

	Student suggests s way of organizing but doesn’t know how to compare or interpret how others organized.

Example:  “I put the numbers that are exactly the same together on top of each other in this line.”
	So, you put the numbers that are exactly the same together, is that what KK and Micah did when they organized their display?

	Student describes how they organized their data and interprets how another group organized.

Example:  “I put the numbers that are exactly the same together on top of each other in this line but Kalya and Destini counted the numbers that are exactly the same and put a number instead of writing each one on the chart.” 
	Reflect on the questions from #1 (show and hide, describe to get a long detailed explanation of differences they see)

Go onto #3




3. How do the displays help us answer our question, which was how long is Ayanna’s arm?

Alternate and/or simplified forms of the question:


What part of this display makes it easy to answer the question?

Are there things about this display that help us answer the question? 

What about this display makes it easy to answer the question?


What are some of the things you can see in this display that help us quickly show the answer to our question?

	Response
	Follow-up question or discussion

	I don’t know.
	Quickly looking at this display, can you answer this question? (The display and question should be created by the teacher depending on the 

	Student doesn’t accurately interpret what the real research question is. 

Example:  “This display helps me see the highest value for Ayanna’s arm”
	True, this display is good at showing the highest value of Ayanna’s arm but does that help us answer how long her arm actually is?

What does the highest value tell us about the actual length of Ayanna’s arm?

	Student picks out superficial or unnecessary aspects of the display (color/size).

Example:  “ I think that Jewar’s display looks the best so it must be the most useful/helpful/best.”
	Yes, it is a nice display is sometimes helpful in figuring out what the person meant when they created the display.  Why is that useful? (prompt them to talk about the usefulness and how it makes answering the easier).

Is there anything else about the display that when we look at it quickly, we can easily see or find the answer to our question?



	Student picks relevant aspects of the display but cannot explain how it helps answer the question.

Example:  “I like Kayla and Destini’s because it is easy to see where the data clumps.”
	Ok, what does it matter if we can easily see the clump?  What is so important about the big clump of values?  What does the clump mean when it comes to answering our question?

	Student explains that some aspect of the organization or layout of the display helps answer the question.

Example:  “I think that the way that Carl and Tim clumped these values together in their display makes it pretty easy to see that the right answer is probably in there somewhere.”
	Do other displays have something that helps us see the answer quickly/easily?

Are there other questions that this display can answer easily?

Go to #4 if desired.


Question 4 is an optional item used for pushing the students into thinking ideas discussed in future lessons.

4. Can one display be the best for answering our research question?

Alternate and/or simplified forms of the question:

Can one display answer all the potential questions a person might ask about the data?

Are some displays better than others for certain questions?

	Response
	Follow-up question or discussion

	I don’t know.
	Can this display tell me about the length of Ayanna’s arm?

	Probably. Yes.
	(Teacher should try to pick questions that show that each display has something unique and beneficial that it is able to highlight better than others.  Raw but ordered data might even be the best display for answering the question.)

Which display should we use if we want to show: 

“What is the most likely length of Ayanna’s arm?”  

“What is the longest measurement we got today?”  

“How many people got the measurement 45?”

	No.  Each display highlights something different.  

No.  It depends what the person who made it was trying to say when they created it.
	What does this display show best?

What do you think the designers were trying to highlight when they made this display?

Is there another question that this display could be better to answer?




Topic VI:  Displays Discussion
This section includes creating intervals, zero frequency, optimizing intervals

1. What did you have to do to group the data? *
Alternate and/or simplified forms of the question:

What did you do to make this display?  To make these groups/intervals?      

How did you know what the right groups are for the data?

      How did you define the section?

How did you decide which values to group?

	Response
	Follow-up question or discussion

	I don’t know, We just put them in groups
	Compare the values in these two groups, how are they different?

Do you want the groups to each have something unique about them? What should be unique/similar about the values in each group?

	We put four values in each group.


	Are you going to assign any four values in the data set together or are you picking values for a reason?

Are you ok with the fact that some bins group values that are so different like this group that has 4,11,12,12?  The 4 seems out of place.

Or what do we do with 4, 11,12,12,12,13? Now we have 12 in two bins?

Does it matter how many bins/groups we have? 

What if we have 20 more measures, do you want to have that many more groups?

	We split the values up so that we have three bins.
	Does it matter how many values are in each bin/group? 

Do you think it is important for the bin size (or bin width) to be the same in every bin?

What if we had 20 more measures, should we still have four bins?  How many values should be in each bin? 

	We put all the 12s together and then split up the rest.
	Ok, so what should we do with the rest of the values?  Are you going to group those?  How do you want to group those?

	We made the bins equal to each other so that each bin counts 5 units (so we have 1-5, the next to 10, next to 15, next to 20).
	What would happen if we had an empty bin where there were no values (like if we didn’t have any values between 11 and 15)?  Should we include a bin here even though there is a gap in our values (we don’t have values)?


NOTE:  These follow-ups do not need to happen immediately.  It may be worthwhile to get all of the kids ideas out on the table and then go back to later to have a larger discussion where we are able to reference ideas that kids had from this time.

2. Last year one of the students made this display.  (Teacher should present a hand drawn display that has unequal bin sizes and place it next to one of the displays from this year that has an equal bin sized display – or visa versa) What do you think of this display compared to the one that Kayla and Destini made?

	Response
	Follow-up question or discussion

	It looks the same.
	Why are there are different numbers at the top of each bar (point to the height of each bar in each interval)?

	I like last years better.

I like this years better.
	What do you like better about this one?

How can we make the other one better?

	Student discusses superficial differences or preferences.
	Besides things like color and size of the text, what is different about these two displays?

	Student notices difference in bin size but doesn’t notice equal vs unequal bin size.
	Oh, I see so there are different numbers used in the groups that the kids did last year and this one by Kayla and Destini.  Why/How are they different? Do you think one of the ways is more helpful when we look at the display?

	Student discusses the unequal bin size as being problematic.
	What do you mean that it is better to have all of the groups be the same size?  Why does it matter?  

Does it matter what the bin size is or only that they are each the same size?


3. Why do we group values? 

Alternate and/or simplified forms of the question:


Why do we group exact match values?


Why do we group values that are similar?


In this display, Carl put these values together, why did he do that?

	Response
	Follow-up question or discussion

	I don’t know

We don’t need to group similar values.
	If everyone got similar values and one person got a very different value, what would be the advantage of grouping then?

Do you think it is important to identify similar values? What would that give us?

	We can understand the data better. 
	How does it help us to understand the data better?

	So we can graph it.
	How would it effect the graph if we didn’t group values?

	Because we think that similar values are close to the true length.
	How should we decide which values to group?

What should be the range of values in each group? 

How many groups should we have?


4. What would happen if instead of making bins that split by fives, we split them by 10s?

Alternate and/or simplified forms of the question:

In this display, the bins were made by grouping all the values that are between 1-5, values between 6 and 10 were grouped in the next, 11 to 15 in the next, etc. What would an alternative way of grouping be?

(Show two displays where one of them has two of the values in different bins but in the other one they are in the same bin)  In these two displays, values 5 and 6 ended up in different groups.  Why did this happen?  Is this ok? Why is this a problem? 

	Response
	Follow-up question or discussion

	I don’t know

It’ll be the same.


	Go ahead and regroup the data.  What will happen to the way this display looks and what will that tell people, if you change the group size to ten?  What do you see in each display that you cannot see as easily in other? Compare what the two displays of the same data show and hide. (See questions from the “compare displays” section)

	It’ll look different but it’s still the same numbers.
	When the display looks different, will the display highlight different things?  What will be highlighted (and hidden) when we change from grouping by 5s to 10s? (See questions from the “compare displays” section)

	Different things will be highlighted/hidden with the new display.
	Can you provide an example of something that is hidden and something else that is highlighted by the new bin grouping? (See questions from the “compare displays” section)

	Student provides examples of what is hidden and highlighted by the new interval display compared to the old.
	What do you think is the most important thing we should be trying to tell people about our measurements?  Which interval size is best for this purpose?  (Teacher may wish to allow various opinions on what is most important and which displays communicate those ideas.)


5. These two displays were both created using the same data set.  Why does the one of the left look like it has a hole in it, while the one on the right doesn’t? 

(The teacher should try to use the students’ displays to discuss the differences in the intervals showing or hiding the hole in values between 5 and 10 but if it is not possible, displays like these can suffice.)
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	Response
	Follow-up question or discussion

	I don’t know.

One of them did it wrong.
	The question tells you that the two displays were made from the same set of data, and let’s assume that they didn’t make any mistakes when they made the displays.  What do you see that is different?

	Student notices the hole in graph on the right.
	Ah, yeah, what is the hole?  How did it get there?  Why isn’t there a hole in the other display?

	Student notices that there are more lines/bars/bins/intervals in the graph on the right.
	Yeah, there are more bars in the one on the right, why is that?  What happens when you make more bins?

	Student notices the bin sizes are different.
	What happens to the look of the display when you make more bins?

Does the change in bin size make a difference to what you can learn from the display?

	Student notices that the bin size is different and that the one on the left hides the hole in the data. (or that the one on the right shows the hole in the data).
	Do you think we should show or hide the hole?  How will our decision to show or hide the hole effect what other people take-away from our display?


Tinkerplots may be introduced to the students at the end of this lesson.  Some questions that can be used while working with Tinkerplots include:

1. What would it look like if all of the values were put into one group? 

Alternates What would it look like if everything went into one bin?

What if we made one “superbin” with all the values? 

2. How many different groups/bins should we create?  


Alternates  What is the best number of bins for the display so that it makes sense?  Answers our question?  Is easy to read?

SECTION III:  Homework/Quiz items

Modeling Measurement 

1 measurer, multiple measurements, precise method

1. A carpenter is about to cut a piece of wood to make a 73/8 feet door. He uses a measuring tape that has a mark every eighth of a foot. First, he lines one end of his measuring tape to one side of the wood then he stretches the tape over the wood and marks it where the tape indicates 73/8 feet. He measures the wood this way three times.

a) Why do you think that the carpenter measured more than once? 

b) Lead-up: Will the carpenter get the same value each time? Explain your answer.

1 measurer, multiple measurements, crude method

2. The carpenter’s assistant also measured the wood three times, to make a 73/8 feet door, but his measuring tape has a mark every fourth of a foot.  

a) How do you think the assistant’s three measurement will compare to the carpenter’s three measurements? Explain your answer.

b) Lead-up:  Will the assistant get the same value as the carpenter got? Explain your answer.

c) Lead-up: Describe the difference between the tape used by the carpenter and the tape used by his assistant.

Multiple measurers, one measurement each, crude tool.

3. 10 students tried to measure the area of Teddy’s hand. Some students used beads, some used small squares, and some used pieces of flat spaghetti. 

a) Which tool is best, and why? 

b) Lead-up:  If students all use the same tool, will all the students get the same value? Explain your answer.

Multiple measurers, two measurement each, one with precise and one with crude tool.

4. 10 students tried to measure the weight of an ipod. On the first day, each student measured the ipod using a bathroom scale. The next day, Danny brought a scale for measuring very small objects, and everyone measured the ipod again.  

a) Which tool is best, and why? 

b) How will the measurements using the nurse’s scale compare to the ones using Danny’s scale?

Multiple measurers, two measurements on different days.

5. 25 students measure the width of their school’s parking lot. The next day, the same 25 students measured the width of the parking lot again, in the exact same way and using the same tool. 

a) Compare the measurements made on the two days. 

b) Suppose the measurements on the second day were done by a different class. Compare the measurements made on the two days. 

Multiple measurers, different measurer ability.

6. A farmer thinks his giant watermelon might break a state record. The farmer and his 4 daughters each weigh the watermelon once. They decide to compete in the state fair. At the fair, 5 official judges measure the weight of the watermelon.  

a) How might the measurements of the 5 judges compare to the measurement of the farmer and his 4 daughters?

7. During the summer break, a group of students measured the length of the school basketball court, to see if it fits the official court size. When school started, the students participated in Dr. Rich’s class about measurement. After a few lessons, the students measured the basketball court again.  

a) How might the measurements of the students before taking Dr. Rich’s class compare to their measurements after taking the class?

8. Steve didn’t feel very good this morning and did not go to school. He measured his temperature twice and then decided to go see the doctor. The doctor also measured Steve’s temperature twice.   

a) How might Steve’s measurements compare to the doctor’s measurements?

Different number of measurers

9. A class wants to persuade that the national skate board association that one of them broke the world record for largest skate board jump ever.  One student says that everyone in the class should measure the distance once. Another student says “that is just more work, we only need one person to measure the distance one time.”  Which method is better? Explain why. 

Different number of measurements

10. The school’s champion biker jumped his best jump. A class of 20 students is trying to measure the length of the jump. One student says that everyone in the class should measure the distance three times. Another student says “that is just more work for no reason, we should all just have to measure once.”  

a) Which method do you prefer? Explain why.

Different number of measurers and measurements 

11. Lucy needs to measure the height of the lamppost at the far western boundary of Narnia so that she can be sure it is the same one that will lead her back to the wardrobe. Which method should make her feel confident about the height of the lamppost? Explain your answer.


Methods:

a) Ask a Faun to measure the height of a lamppost once.

b) Ask a Faun to measure the height of a lamppost three times.

c) Ask a group of Fauns to measure the height of a lamppost once.

d) Ask a group of Fauns to measure the height of a lamppost three times.

Sources of error in the context of class activity

12. Why do you think we all got different values when we measured the length of KK’s arm?

13. What could have influenced the measurements of Jewar’s head? 

a) Which would have the biggest influence? 

Pre-steps in creating display

The class got the following values from measuring the length of Ayanna’s arm from her wrist to shoulder.

15, 8, 9, 5, 6, 7, 8, 9, 10, 11, 13, 7, 8, 6, 7

The teacher says that the first step in looking at data is to order it from least to greatest.  List all the ways that ordering the data could help to find the length of Ayanna’s arm. 

A Slightly Different Question:  The class has ordered the data from least to greatest.  Now list all of the good things you could do with the ordered data in order to allow you to find the length of Ayanna’s arm.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Defining Intervals

The values below are from a sixth grade class who tried to measure the height of the basketball hoop.  Can you help them put the data into groups for a display to show the principal?

113, 114, 117, 118, 118, 119, 119, 119, 120, 120, 120, 120, 121, 121, 121, 122, 122, 123, 124, 152

What values in the data are similar?  Group 1: __________________   Group 2: __________________






Group 3: __________________   Group 4:__________________






Group 5:  __________________  Group 6:__________________

How are they similar?

________________________________________________________________________________________________________________________________________________________________________________________________________________________

Understanding and interpreting displays (multiple questions)

The following questions can be asked on the given display or something similar, as part of the one item or several items. All of the questions are parallel to the instructional items. 

This is a display of data collected by a group of students. Look carefully at the data in Graph 1 until you feel you understand what is displayed. 

For some items, another sentence should be added at the beginning, explaining what the research purpose was. In this case it would be:

A group of student wanted to find out what is the circumference of the town’s water tower. 

Graph 1
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a. What do you think could have been the purpose of these students? What were they looking for?

b. What do you think about the way the students displayed the data?

c. What do you think of their results? Are they helpful in finding out what they were looking for?

d. How can the students use Graph 1 to find the answer for their question?

e. What do you learn from Graph 1 about the research question?

f. Based on this display, what is your best guess of the circumference of the water tower.

g. The students concluded that the circumference of the water tower is around 44. They all felt confident about their conclusion. What do you think about their best guess, would you also feel confident about their conclusion?

h. What would happen if the students measured the water tower again? Would you expect their data display to look the same or different? Explain your answer.

i. How can they get better measurements? 

j. How would their data display look like if they improve their measurements? (describe in words, draw or select from display template)

k. Danny said he measured the circumference to be 62. Where is Danny’s measurement on Graph 1?

What do you think about how Graph 1 shows Danny’s value compared to others?

l. If you wanted to show Danny’s value more clearly, how would you do that? What would the display look like then?

m. On Graph 1, the students put values together in the same bin, why did they do that?

Comparing displays/ Show and Hide Descriptions (multiple questions)

Show Graph 1 and the text above it and add the following text and display-

After thinking about their data, the students came up with another display. Look carefully at Graph 2 until you feel you understand what is displayed. Remember, the two graphs show the same data.

Graph 2
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a. Compare the two displays. How are they similar and how are they different?


a.1 why do they look different?

b. Which display is better for answering the research question? Why?

c. In both graphs, the students put values together in the same bins, why did they do that? 

d. In Graph 1, values are grouped in bins of 3 and in Graph 2 they are in bins of 10. Does it matter that they used bins of different size? 


d.1 How does having different bin sizes affect the graph?


d.2 How does having different bin sizes affect their conclusion about the circumference?

Another possibility for Graph 2- one that shows the hole due to Danny’s value.

Graph 2.1
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e. Where is Danny’s value on Graph 2.1? How do Graph 1 (or 2) and Graph 2.1 display Danny’s value? Are they showing or hiding it?

f. Why does Graph 2.1 looks like it has a hole in it? Why isn’t there a similar hole in Graph 1 (or 2).
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Case to aggregate display

g. Compare the graph at the top to the two graphs at the bottom. What are the main differences between the upper graph and the two bottom graphs?


g.1. What information is easy to see on the upper graph and difficult on the bottom graphs?


g.2. What information is easy to see on the bottom graphs and difficult on the upper graph?


g.3. Which graph is best for displaying the results? Explain your answer.

Comparing displays

The two graphs below display the same data showing the time of running a 100 yard dash measured for students in one first grade class and one fourth grade class.  

[image: image8.emf]Collection 1

14-18.1 18.2-22.3 22.4-26.5 26.6-30.7 30.8-35

0

5

10

15

20

count

Time

Circle Icon

[image: image9.emf]Collection 2

0-8 9-17 18-26 27-35

0

5

10

15

20

count

length

Circle Icon


Graph 1






Graph 2

a. Which display do you think does a better job showing the time differences between the classes? Explain your answer.

b. What does the better display show that the other one hides?

c. what would happen if the size of our bin was 20 seconds?

Alternative: what is the bin size if all the points are in the same bin?

d. what will the data display look like if the bin size was 1 second? Describe, draw, or select from template.

e. what is the value of the right-most measurement on Graph 1? 


e.1. Can you find this measurement in Graph 2? 


e.2. Are the two graphs showing this measurement differently? Why is that?

f. In both graphs there are two high bars. However, in Graph 2, there are two measurements that fall between the two bars. Where are these measurements in Graph 1?  


f.1. Why do the graphs look different? 


f.2. Can you think of a way to make the graphs look more alike?

General scoring guide

	Score
	Type of response

	5 - Extend
	Answer is beyond the explain level

	4 – Explain
	Correct response, complete explanation

	3 - Identify
	Correct response, incomplete explanation

	2 - Perceive
	Correct response, missing, irrelevant or vague explanation

	1 - Attempt
	Incorrect response. 

	0 – No response
	No response or irrelevant answers


Alternative Items

Scenario items from the first section of lesson 1 can be repeated with different prompts:

Questions using the distribution shape template (see last page):

a) What will be the shape of the data collected by the measurers? Why?

b) What will the distribution of measurements look like? Why?

c) Which is most likely to be the graph displaying this data? Why?

The scenarios from the first section of lesson 1 can also be presented in pairs and students can be asked to describe and compare the two scenarios in terms of similarities and differences between their outcomes and distributions. These items will also be scored on the Inference construct.

a) Compare the outcome of the measurements from both scenarios.

b) Will the measurers in both scenarios get the same values? Explain your answer.

c) Will the measurers in both scenarios get different values? Explain your answer.

d) Compare the shape of the data collected in both scenarios.

e) Compare the distribution of measurements from both scenarios.

f) Which is most likely to be the graph displaying the data from each scenario? Explain your answer.

The following questions are based on a measurement activity done in class.

a. What will happen if we measured again? How will our data display look like? Describe, draw or select from template.

b. How will you change our measurement method if we want to get better measurements of the body part? 

c. What do you think we mean by “better measurement”?

d. How will the change you suggested affect the shape of our data display?

Distribution shape template
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Draw your own


	
	14. all plots are possible

15. only these plots are possible: ___________________________________

16. cannot decide because: ________________________________________


* Teacher may chose to ask this and subsequent questions before the student has made the display in which case the question tense changes to “what should you do to group the data?”  It is not preferable to discuss this question before display creation as the questions are likely to lead the students to create a different display than they might have otherwise.
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