Statue of Liberty

Subject: 8th grade, Algebra 1, Algebra 2, Geometry, Statistics

Time: 6 days
Materials: paper, pencil, access to Internet or library, handouts, grading rubric, Microsoft Excel, rulers, yardsticks, calculators

Objectives:

· Students will be able to apply their knowledge of statistics to real-world situations, to evaluate data, and make predictions.

· Students will be able to check their predictions by researching on the Internet.

· Students will be able to accurately collect data and decide on an appropriate amount of data to collect.

· Students will be able to write fluent math papers with an abstract, history of the Statue of Liberty, process of data collection, interpretation of results, and potential modifications.

Standards:

· 8.5.3: Solve problems involving scale factors, area, and volume using ratio and proportion.
· 8.7.6: Express solutions clearly and logically using the appropriate mathematical terms and notation.  Support solutions with evidence in both verbal and symbolic work.

· 8.7.11: Decide whether a solution is reasonable in the context of the original situation.

· A1.9.3: Use a variety of problem-solving strategies, such as drawing a diagram, making a chart, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A1.9.2: Decide whether a solution is reasonable in the context of the original situation.

· A2.10.1: Use a variety of problem-solving strategies, such as drawing a diagram, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A2.10.2: Decide whether a solution is reasonable in the context of the original situation.

· PS.1.1: Create, compare, and evaluate different graphic displays of the same data, using histograms, frequency polygons, cumulative frequency distribution functions, pie charts, scatterplots, stem-and-leaf plots, and box-and-whisker plots. Draw these by hand or use a computer spreadsheet program.

· PS.1.2: Compute and use mean, median, mode, weighted mean, geometric mean, harmonic mean, range, quartiles, variance, and standard deviation.

· PS.3.3: Use the principle of least squares to find the curve of best fit for a set of data.

· PS.3.4: Calculate and interpret the correlation coefficient of a set of data.

· Mathematical Reasoning and Problem Solving

· Communication

· Connections



Prior Knowledge:

· Students will be expected to have experience with scatter plots, mean, median, mode, variance, standard deviation, curve of best fit, and correlation coefficient.

· Students will be expected to have experience distinguishing between reliable and unreliable resources while using the Internet to research.
· Students will be expected to be comfortable with basic units of measure.

· Students will be expected to have some experience using Microsoft Excel, including creating graphs and inserting functions.

Overview: Students will work in small groups to write a math research paper that predicts the length of the Statue of Liberty’s right arm, based on the size of its nose.  First, students will briefly explore the proportionality of the human body.  Then, students will work in groups to determine what data should be collected, how to collect the data, and how much should be collected.  Students should work in groups to implement these ideas.  Students may need to leave the classroom to collect data or complete the collection outside of class.  Students will then use Microsoft Excel to evaluate several characteristics about the data including the mean and standard deviation of the arm lengths and nose lengths.  Students will also graph the relationship between the two values, find the line of best fit, and find the correlation of the data.  After all data has been evaluated and students make an estimate of the length of the Statue of Liberty’s arm, students will individually research the Statue of Liberty to find general information about it along with the actual length of its nose and right arm.  In their groups, students will determine if their estimate was accurate and reasons that may have caused the value to be wrong.  Finally, students will individually write a math paper that incorporates their group’s work and their own individual research.
Procedures:

The following procedures for this lesson plan are a guideline of how this lesson might be taught to a Probability and Statistics class.  Each classroom is different and strictly following these procedures may be difficult or impossible. Modify the procedures as needed for your class.

Day 1
1.) Pass out “Body Proportions” and “Writing a Math Research Paper.”  Briefly explain that the human body is naturally proportional.  Have students check their own proportions using estimation.
2.) After students have decided which proportions seem accurate, discuss reasons why the proportions may not always work.  Be sure to include measurement error and the simple variation caused by genetics.

3.) Read to the students “Writing a Math Research Paper.”  Be sure to emphasize what material should go in each section.

4.) If possible, find several examples of professional math papers and display the several sections being used.

Day 2
5.) Quickly review the requirements of a successful math research paper.

6.) Pass out “Statue of Liberty” worksheet and announce that students will be writing their own research papers after designing and completing a study.  Set up the problem so that all students know in the beginning that the Statue of Liberty’s nose is 4.5 feet long. Put them in groups and announce that they will have one week to collect the data, analyze the data, research, and write the paper.

7.) Announce that students should discuss with their groups how to go about solving this problem and release students to work.

8.) Closely monitor the classroom to ensure students are staying on track.  Provide minimal support, even though students may be unsure how to start.
9.) Visit each group individually and ask members what plan has been formed thus far for their group.  If the majority of the groups is unsure of how to begin, even after having plenty of time to think, remind students of the proportions of the human body.

10.) Groups that finish early should continue on their project. 
Day 3
11.) Remind students that class time needs to be spent working on the project and immediately release students to work.

12.) Students should already have a method chosen and be collecting data.  Students may need to leave the classroom to collect data if they choose to collect data from another acceptable location in the school.

13.) As students begin to finish collecting data, encourage the groups to discuss what type of method should be used to evaluate the data and to perform these calculations.  Use of the computer may be beneficial for groups that have large collections of data.

14.) Monitor groups closely to make sure they are progressing with the project.  By the end of day 3, groups should have data collected.

Day 4 

15.) Remind students (if necessary) that they should be completing their data evaluation.  Suggest that groups find an answer to the length of the Statue of Liberty’s right arm prior to researching and writing the paper.

16.) When groups are ready, students should discuss what aspects should be included in the paper.  They should openly discuss the quality of their data and mathematics.  They should also discuss what aspects should be included in the research concerning the Statue of Liberty.
17.) After groups have the previous discussion, students should work individually to research the Statue of Liberty.
18.) Carefully monitor students to make sure they are practicing safe researching methods.

Day 5
19.) Allow students to continue their individual work.  Students will be at several different stages in the process, but the majority of the class should be researching the history of the Statue of Liberty.

20.) As students begin finishing their research, direct them toward working on writing their paper.

21.) Continue assisting groups or individuals that appear to be struggling with any step of the process.

Day 6
22.) Remind students that this is their final day to work on the project in class.  Announce that if anyone finishes early, they should spend the time proofreading their papers, helping others proofread their papers, or reading ahead in the math textbook.

23.) Assist students with formatting their papers, inserting math symbols, and organizing their data.

24.) Spend the remainder of class monitoring students to make sure they are using class time to work on the project.

25.) At the end of class, assign a due date for the final draft of the paper.  This due date should be dependent on how much of the paper your students have been able to complete in class.

Extension Activities:

· If activity will take too long, try removing the “research” aspect of the paper and instead have students only write a short paper about their data collection process.

· If activity will take too long, try providing more benchmarks for students.
· If too long, try breaking the activity into a semester-long project.

· If activity is too short, try having students create a presentation to give to the class.
· If activity is too short, students could duplicate the study to try to predict the length of the leg of the Statue of Liberty or use the data from the study to predict the length of the arm of a doll or other statue.

· If activity will be too simple, try removing the Day 1 activities, so students must decide to use ratios without knowing that the human body is proportional.


Notes to the Educator:


This lesson was originally designed for an 8th grade class but was modified to adequately challenge higher classes.  Any part of this activity may be removed or shortened to fit the needs of your students.

The “Body Proportions” activity could be supplemented with a video explaining how there are natural proportions of the human body.  The first day of activities, including the “Body Proportions” activity and “Writing a Math Research Paper,” do not need to be completed the day prior to starting the project.  Instead, these activities could be split and completed at the end of two classes earlier in the year.

The attached worksheet was designed for a probability and statistics class.  However, this activity would be appropriate for any high school–level student by removing “standard deviation” and “correlation coefficient” from the worksheet.
Many 8th grade math classes would also be able to complete the longer activity if given ample support and time.  Nonetheless, a shorter version of this activity is included for middle school math classes.  It provides more support on collecting data, forming a solution, and including reading and writing in the activity.  For a middle school classroom, prior knowledge and objectives would be different than those for a statistics class.  Data collection for eighth graders would be similar to the collection for high school students but more guidance can be provided.  Therefore, the procedures for the middle school classroom would be similar to the ones in this lesson but would need slight modifications to adequately reflect the additional scaffolding.
Writing a Math Research Paper

A math research paper is often divided into several parts.  Below is a description of the five parts that should be included in your paper.
Abstract
The abstract should be a brief summary of your paper.  By reading the abstract, a person should be able to know what your paper is about but should not be burdened by the details that are included in the paper.  Abstracts tend to be relatively short.
History
The history should be several pages long and include important historical facts about the Statue of Liberty.  All research should be documented and plagiarism is not an option.  Several sources should be used to ensure that the research is correct.  The purpose of the history is to establish a setting for the problem.  Why is the Statue of Liberty important to us?  How has it affected the United States?  What does it symbolize?  The history should answer these questions.  Do not simply list facts.  The writing should flow and include only information which seems important to establishing a person’s basic knowledge about the Statue.
Research Method
This section should include a detailed description of the method of research.  How did you collect your data?  How did you evaluate your data?  Provide details and enough information to convince me that your data and calculations are correct.  An organized display of your data should also be included.  Any work that you would like included in your paper but not in your research method should be attached in an appendix and referred to in this section.  This section should also include weaknesses to your research and options for improving the data collection.
Conclusion
What did you conclude from your data?  What does this conclusion mean?  Is this what you expected to happen?  Should this conclusion be applied to anything?
Bibliography
This section should have all resources listed in the MLA format.  Please check online or in the MLA books in class for assistance.  Be sure that all resources have been documented.
Body Proportions
The human body is amazing. There are many natural proportions that tend to occur.
Try a few of the following out on yourself!  Put a checkmark next to those proportions that seem accurate for your body.
___ The eyes are at the mid-height of the head.

___ The width of your head is between four and five eyes wide.
___ The height of the face is about equal to the length of the hand.

___ The eyes are separated by the distance of one eye width.

___ The bottom of the nose to the corner of the eye is equal to the height of the ear.

___
The width of the base of the nose is equal to the width of the eye.

___ The width of the mouth is equal to the distance between pupils.

http://en.wikipedia.org/wiki/Body_proportions

Why might some people not have all of the above proportions?
List at least three reasons below.

1.)

2.)

3.)

Statue of Liberty
Probability and Statistics

Your task is to design and implement a study to determine the length of the Statue of Liberty’s torch arm.  The only information you are given about the Statue of Liberty is that her nose is 4 feet 6 inches tall.

Things your group will need to decide:
· What information is needed to solve this problem?
· What data is needed and how it should be collected?
· How to interpret the data?
· The accuracy of the data?
Once you have determined the length of the arm, write a paper following the guidelines of a math research paper.

Things you will need to consider:[image: image1.wmf]
· How to gather reliable information about the Statue of Liberty?
· What information about the Statue of Liberty is important?
· Was the data adequately collected and evaluated?
· How accurate the solution is likely to be?
· How the data should be presented?
· Does the solution mean anything?
· How the experiment could have been conducted better?
Include the following in your data evaluation process:
· Mean, median, mode

· Standard deviation


If applicable, your data evaluation should include:
· A graph

· Line of best fit

· Correlation coefficient

Work in groups to gather data, research, and discuss paper ideas. However, each student must turn in his or her own paper.
Remember to proofread your paper.

Statue of Liberty Project

	Your Name
	Your Nose Height

(in inches)
	Your Right Arm Length

(in inches)

	
	
	

	
	
	

	
	
	

	
	
	

	Average Lengths:
	
	


Your task is to determine the length of the Statue of Liberty’s torch arm as compared to her 4 foot 6 inch nose.  From the activity yesterday, we discovered that the human body is extremely proportional. By using your group’s average measurements, you should be able to calculate what the measurement of the statue’s arm should be.

Once you have calculated this measurement, your group should use a resource of your choice to find the real length of the Statue of Liberty’s right arm.

Finally, individually you should find at least five interesting facts about the Statue of Liberty.  List the five facts and write a paragraph for each fact explaining why this is interesting and important to know.  Each paragraph should contain at least five sentences, be free of grammatical errors, and state where you found the fact.  Also, write a short paragraph explaining the process you used to solve this problem.
Your group should prepare to discuss your findings with the entire class.  Mathematical calculations should support your findings.
Grading Rubric for Statue of Liberty
Student name: ___________________________

Group Members: ____________________________________________________________________________________________________________________________________

__________________________________________________________________

	Abstract:
	Abstract clearly and concisely identifies the key points of the paper.
	______/
	5

	History:
	History shows a thorough understanding of the importance and symbolism of the Statue of Liberty.  Important dates and people should be included.
	______/
	30

	Research Method:
	Data was carefully and thoroughly collected to provide an accurate estimate.  Appropriate mathematical steps were taken to evaluate the data.  Details are complete and include the reasoning for decisions and explanations of how things were calculated.
	______/
	30

	Conclusion:
	Summary includes the accuracy of the prediction and whether this method of estimation would be applicable to other situations.
	______/
	10

	Bibliography:
	All sources are documented using either MLA or APA style.
	______/
	10

	Grammar:
	Paper is free of grammatical errors and flows well.
	______/
	15

	
	Total:
	______/
	100


Teacher Comments:
Example Solutions

The following solution demonstrates how some students may interpret the problem. However, there are many solutions that are acceptable. The instructor should be prepared to accept various solutions as long as ample support is provided by the student.

Research Method

Our method of research included measuring various people’s noses and arms.  We did not want to only measure our classmates because that would mean our ratio would be based on a teenager’s physique when the Statue of Liberty appears to be based on a mature adult woman’s.  We measured in inches as specific as we could from the bottom of the nose to the spot between the eyes.  Then we measured the arm from the fingertips to the shoulder.  This was an assumption we had to make since we didn’t know what specifically was meant by “arm length.”  We were only able to collect data for nine people.  Although this sample was small, we hoped it would be enough to get an accurate sample.


Once we collected our data, we tried making a scatter plot of the data.  However, the data looked like a blob, so making a line of best fit seemed like a bad idea.  Our next attempt was to make a ratio between the length of arms and the length of the nose.  Our ratios were all similar in size.  We decided that our ratios should be normally distributed because we know that other aspects about humans (such as height and weight) are normally distributed.  Therefore, we calculated the mean and standard deviation of our data using Microsoft Excel.  We also calculated the median as assigned.  We did not list the mode.  Since every ratio was different, each ratio would become a mode, which does not show anything important.
	Nose length in inches
	Arm Length in inches
	Arm/Nose Ratio

	1.80
	28.00
	15.55556

	2.0625
	29.75
	14.42424

	2.25
	33.50
	14.88889

	2.125
	27.75
	13.05882

	2.00
	26.50
	13.25

	2.125
	28.50
	13.41176

	1.95
	29.00
	14.87179

	2.125
	27.00
	12.70588

	1.625
	25.50
	15.69231

	
	
	

	Average of Ratios =
	14.20658

	       STD of Ratios =
	  1.123542

	       Median =
	14.42424


Our research method had a relatively large standard deviation.  This was a bit upsetting, but we assume it is due to measurement errors.  Perhaps the measurements should have been taken in centimeters to avoid such odd rounding.
Conclusions

Our average ratio was approximately 14.2 with a standard deviation of 1.123.  That means that the ratio of the Statue of Liberty’s arm to nose is likely to be within 2.246 of 14.2.  With a 4.5 foot nose, that means her arm is likely to be 63.9 feet, plus or minus 10 feet.


Our estimate is extremely off.  The Statue of Liberty’s right arm is actually 42 feet long.  This is far below what we expected from our data.  However, according to our research her right hand is 17.25 feet long.  We concluded from this piece of information that the 42 foot length did not include her hand.  With her hand included, the length is 59.25.  This is the number we should compare since we included hands in our measurements.  Our difference of 9.25 is only 4.65 feet from our expected length which is less than 1 standard deviation away.  This means that the ratio between the Statue of Liberty’s arm and nose is acceptable given our data.

Our estimate of the length of the Statue of Liberty’s right arm was 63.9 feet.  This was off by a small amount but not significant enough to cause us either to think our data was wrong or the Statue of Liberty poorly proportioned.
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