[image: image1.wmf]=+

23

yx









Weight of the World!     

Teacher Notes

A.  Student Performance Objectives – TEKS Correlation

(A.1) Foundations for Functions.  The student understands that a function represents a dependence of one quantity on another and can be described in a variety of ways.

(B) The student gathers and records data and uses data sets to determine 

functional relationships between quantities.

(D) The student represents relationships among quantities using concrete

models, tables, graphs, diagrams, verbal descriptions, equations, and inequalities.

(E) The student interprets and makes decisions, predictions, and critical judgments from functional relationships.

(A.2) Foundations for Functions.  The student uses the properties and attributes of functions.

(D) The student collects and organizes data, makes and interprets scatter plots (including recognizing positive, negative, or no correlation for data approximating linear situations), and models, predicts, and makes decisions and critical judgments in problem situations.
(A.3) Foundations for Functions.  The student understands how algebra can be used to express generalizations and recognizes and uses the power of symbols to represent situations.

(B) The student looks for patterns and represents generalizations algebraically.


B. Critical Mathematics Explored In This Activity

The fundamental objective in this lesson is to get the student to realize the word “model” has the same definition in mathematics as it does in other real-world circumstances.  

A model is a “representation of something.”  A model can be a plan or design used to describe a concept or a concrete object.  As designs, models are found in dress patterns, electronic schematics, and architectural plans.  The connection that we want from this activity is that mathematical tables, graphs, and rules are “models” which represent real physical circumstances.  We also want the student to begin creating verbal models by providing written descriptions of circumstances.  

A secondary concept is the idea of scale.  A physical model on a 1 to 1 scale will be made the actual size of the object.  NASA uses a 1-to-1 scale routinely when they are practicing for a space mission or problem solving.  The military also does this when they build a mock village for practicing operations.  Scale models students will recognize are those for cars, airplanes, and ships.  Dolls are also scale models.  These models are all smaller than the original object.  Models larger than the real thing include those of a DNA molecule or plant cell.  The point here is that scale lets us handle or work with a representation of an object in a meaningful way when working with the actual object would be impossible.

Given the large number of variables involved in the experiment, i.e. how you anchor the ends of the spaghetti strands, humidity of the room, the length of the bridge, etc., student groups may not generally obtain the same model.  In the real world people who collect such data will try to eliminate as many variables as possible and create their model based on many trials of an experiment.  Teachers should not panic if all groups have different data and equations.  We will try to minimize the number of variable elements in the set-up section.  It is strongly recommended that you follow the suggestions in that section.

C. How Students Will Encounter the Concepts

In Weight of the World, students are going to study stress on bridges by constructing spaghetti bridges and then determining the amount of weight needed to collapse the bridge. Students will record data, and represent the data in a table, with a graph, and with a mathematical rule.  This activity brings together the concepts of a physical model – the spaghetti bridge, with the abstract model – the mathematical rule.  Finally, students will be asked to make predictions about other bridges based upon their investigation.

This investigation is a good opportunity to review the ideas of a variable, evaluating expressions, graphing, and solving simple equations.  This latter occurs when students are asked to predict in reverse, i.e. if a bridge of “x” strands supports a maximum of “y” objects, then given a particular number of objects, predict how many strands it would take to support them.

Students should already know the word axis from a previous course, but it would not hurt to review graph construction on an individual basis as the students are doing the activity.

All through the course we will use the notion of mathematical modeling.  Our main intent is to have the student understand that the real world can be modeled using mathematics. We want through the course to repeated emphasize that when we are creating a table, sketching a graph, describing a relationship or writing an equation, we are using a mathematical model.  We want sentences like 
[image: image12.wmf] to have meaning to the students in a concrete way.  There is certainly a place for study of the concepts of graphing, linear equations, etc. in the abstract, but the majority of your students are not going to be pure mathematicians.  For algebra to have use to the majority, we must make use of its power to model.  Please continue to use the vocabulary word “model” throughout the course.

This lesson begins with a situation that should be modeled using the formula 
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 represents the number of objects needed to collapse a bridge of 
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 strands of spaghetti.  The variable 
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 represents the number of objects per strand of spaghetti needed to collapse the bridge.  This circumstance allows students to encounter the direct variation function as a linear model.  You won’t use these terms yet, but we want the experience with the pattern so that when we are ready to discuss linear functions, we can say, “Remember when …”

Because this situation does not produce clean data, the students will likely not have the same model for each group, and some of the groups may have scatterplots of data that do not look very linear.  This allows you to discuss how in the real world, models are not based upon one set of data.  What happens is that people collect many samples and produce the model based on the entire set of data samples.  In this case, find the average of the number of objects needed to collapse any particular size bridge.  For example, if for a one-strand bridge, the number of objects to collapse the bridge is 20, 18, 21, and 19 for each of four groups, the value that should be recorded is the average of these values rounded to the nearest whole number.  Since the Reflect and Apply activity will be based on these averages, be sure to collect the data from all the groups and create a new data set based upon the averages for each bridge. 

You may also choose to use the graphical analysis section of this lesson with the averaged data.
D. Equipment Needed and Lesson Setup


For student groups (2-3)

· Ruler

· Spaghetti strands (at least 15).  Use the same size of spaghetti for all groups.  The best spaghetti to use is angel hair pasta!

· Large Paper Clip (optional).  Same size for each group.

· 1 Small Cup (See model to the right.  You may simply pass the strand of spaghetti under the stings and omit the paper clip).  Same size for each group.

· String (used to create a handle for the cup to hang from the bridge).

· Objects (about 50 nickels & 100 pennies; washers or any objects of uniform weight).

· Masking or other tape and at least two large books to hold the strands in place.

· Put two desks close together with a 3-inch gap between them.  Place strands of spaghetti across the gap so that the same amount of spaghetti is on each desk.  Anchor the ends of the spaghetti strands firmly using the tape and books. 

Technology 

· Graphical Analysis software (available from Vernier).

· Graphing Calculator (optional-to be used if software is unavailable).

In preparation for the activity, make sure that the Graphical Analysis software is installed on each student computer.  Shortcuts for this program should be created on the computer desktops to enable students to follow lesson directions.

For the class discussion on modeling, you will need to gather a collection of various models.  Include a model car, airplane, dress pattern, scale drawing of a floor plan, a science model of an atom or molecule, etc.

E. Questions to Assess Learning
You should circulate among the groups to assess how they are progressing with the investigation.  Some questions you should ask are these:

· Is there any pattern to how the number of objects to collapse a bridge increases as you add spaghetti strands?

· What does an ordered pair in this activity describe?

· (Select a point on the group’s graphs, the ask:) What is the significance of this point of the graph in relation to a spaghetti bridge?

· How would you decide the number of objects needed to collapse a bridge of 12 spaghetti strands? (Do not allow the student to get by with simply giving the correct number of objects.  Require an explanation as to how the number of objects of chosen.)

· Explain how I would determine how many spaghetti strands are in a bridge that requires a weight of 300 objects in order to collapse.

· What do the variables in the formula stand for?

After students have had sufficient time to build and collapse several bridges, a general discussion with the students (not a lecture) about models should be held.  Ask them to name all the kinds of models they know about.  Usually they will mention one of the "super models."  This is a good answer since clothes designers use them to represent how clothes look when worn by a real person.  Some will mention scale models like cars and airplanes.  As each type of model is mentioned, bring out the sample you brought.  If the discussion stalls, bring out another of your samples and ask them to mention others of a similar nature.  Finally, mention to them that mathematics is used all over the world to represent things.  Say to them "This is called mathematical modeling."  Then tell them that they are exploring the way this is done by working with the spaghetti bridges.  Since the principal intent of this lesson is to have the student understand the concept of a mathematical model, please focus on repeatedly using the word “model” in your instruction throughout this lesson and the rest of the course.
In the group discussion relating to the actual experiment, use the following questions:

· What formula did you write to represent the relationship between the number of spaghetti strands and the number of objects to collapse the bridge?  Explain why your formula makes sense as a model for each bridge.

· How is the formula for the class average data different from the formula for your group experiment?  Explain the reason for this difference.

· Explain how the graphs for both parts of the exercise are similar; are different.

· For this lesson, what would an ordered pair such as (9, 27) mean?

· Suppose we had very thin spaghetti strands such that a bridge of one strand required 5 pennies of weight to collapse it.  What would be the number of pennies needed to collapse a bridge of 15 such strands?  What would be the mathematical model formula for the number of pennies needed to collapse a bridge of this type?

· Suppose the objects used to collapse the bridge in your investigation were twice as heavy as the objects you actually used.  How would this information change the formula?  Use the formula to predict the number of objects needed to collapse a bridge composed of 12 strands, 20 strands, and 200 strands.  How many strands would be in a bridge that collapsed when 300 objects were placed in the cup?

· Which model, the graph, the table, or the formula, do you consider the most useful and why? (Accept all answers)

F. Answers and Notes for the Student Activity

Student answers will vary based on difference in conducting the experiment. Hence, answers provided are simply a guide.  These answers were derived from an experiment using pennies for the object.

1. 122 pennies; 164 pennies.  Answers will vary based on objects used.  At this point all answers are good as long as they are supported by strategies.

2. Between 2 and 3 strands of spaghetti; around 11 or 12 stands of spaghetti

3. Thicker spaghetti would require more pennies to collapse the bridge.

4. Fewer pennies would be needed to collapse a bridge made of thinner spaghetti.

5. Area of a square = side 
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 side

6. Circumference of a circle = pi 
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 diameter or pi
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 2 
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 radius

7. Area = 36 square centimeters


8. The length of the circumference is 
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 or about 251 feet

9. A side is 15 feet.

10.   Students’ answers will vary.  Hopefully answers will be in the form:

       Number of objects = number 
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 number of strands; y = mx

11-13.  See student response

G. Suggested Homework Assignments

An activity called Reflect and Apply: Weight of the World is available in the Weight of the World folder.

H. Possible Extensions of the Lesson

· If you have chosen to do this activity first, you may find the Models, Models activity to be useful for children who have had trouble with the “dirty data” in this exercise.  Models, Models provides nice, clean data and “simple to discover” patterns.

· The CONNECTED MATHEMATICS PROJECT, (CMP), in its eighth grade booklet entitled Thinking with Mathematical Models has a comparable activity in Investigation 1, called Testing Paper Bridges.  When using that activity, be sure to remember that once the paper bridge piece has collapsed, it should not be used again in the experiment.  Using collapsed pieces alters the data collected since the strength of a collapsed bridge piece has been compromised.

· Ask students to create a list of things they know about or can discover that use mathematical models.  You should create the list and post it in a conspicuous place.  As students discover other applications of mathematical modeling, you should add the new discoveries to the list.

· While not essential to this lesson, you have the option of using graphing calculators to create scatterplots and to test the validity of a suggested mathematical formula model.  The graphing capability is extremely useful for testing to see if a suggested formula produces a graph that “best fits” the data.  These two uses of technology are an excellent way to introduce technology into your instruction.
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