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Correlation Study: 
Is There a Predictable Relationship?
PRIVATE "TYPE=PICT;ALT="
Introduction –

About the Mathematics 

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.

(A) The student describes independent and dependent quantities in functional relationships.

(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.



(B) The student identifies mathematical domains and ranges and 


determines reasonable domain and range values for given situations, 


both continuous and discrete.

(D) The student collects and organizes data, makes and interprets 
scatter plots, and models, predicts, and makes decisions and critical 
judgments in problem situations.



 B. Critical Mathematics Explored In This Activity

OBJECTIVE:  The student will be able to collect and represent data graphically. From a data table or a scatter plot, the student will interpret data relationships and identify the different types of correlations.

New vocabulary introduced includes discrete data; scatter plot, correlation (positive, negative, and none), interpolation, and extrapolation. 

The principal topic for this activity is correlation. Correlation is the relationship that exists between variables. We will explore three types of correlation. 

Positive Correlation As one variable increases, so does the other. This is also called a direct relationship.
Negative Correlation As one variable increases, the other decreases. This is also called an indirect relationship.
No Correlation As one variable increases, you cannot tell if the other variable is increasing or decreasing. 


We also are introducing the idea of discrete (distinct or not connected) point sets. The concept of discrete mathematics involves the idea of using domains that are countable such as the integers. Finite sets are countable. In this study, the student will encounter domains and ranges that are discrete sets. Another important idea that will be presented is the concept of making predictions for values not actually found in the data set. Interpolation is the process of making a prediction for the dependent value of an independent value that would fall between the maximum and minimum values of the domain. Extrapolation is the process of making a prediction for the dependent value of an independent value that would fall outside of the interval formed by the maximum and minimum values of the domain. 

C. How Students Will Encounter The Concepts

Students are going to work with three sets of data. The first is Life Expectancy data. This data demonstrates positive correlation. The second is Mile Run data. This data shows negative correlation. Both of these data sets will be provided for the student. The final data set is Birthday data, and the students will collect this set. All three data sets will be entered into a table using the program Graphical Analysis (refer to the SATEC appendix for a helpful hints page on Graphical Analysis). This program takes the data in a table and produces a scatter plot. By observing the scatter plot, the student will identify the type of correlation evident. We also want the student to make the connection to the data table. It should be observed that if the independent and dependent values are both increasing, then we have positive correlation. Similarly, if the dependent values decrease as the independent values increase, then we have negative correlation. If neither of these patterns is evident in the data, then we probably have no correlation.

A fourth activity, entitled Correlation Study:  Scatter Plot Activity, has been included to wrap up the lesson.  This activity will introduce students to the graphing calculator (refer to the SATEC appendix for a helpful hints page on using the graphing calculator).  At this point, students are expected to and must gain graphing calculator experience.

D.  Teacher Helps/Suggestions for Classroom Management

REMINDER:  Helpful hints for using Graphical Analysis and the graphing calculator can be found in the SATEC appendix.  These have been provided to free up the teacher from having to give step-by-step instructions.  Warning:  when using the graphing calculator, students will have a lot of trouble defining a proper viewing window.

The four activities have been saved as separate files so that the teacher can decide how to best use them in the classroom.  It is suggested that one or two may be assigned one day one day, and do the third and fourth on a second day.   Any of the lessons can be assigned as a homework activity if the teacher wants the students to gain practice creating a scatter plot (labeling and defining axes, plotting points) by hand (without the use of the graphing calculator or Graphical Analysis).  

Since each classroom is equipped with a minimum of computers and usually a maximum of students, the teacher may find it helpful to divide the class into three groups.  One group could do an activity using Graphical analysis (this would enable only 2 kids at a computer instead of an unmanageable 4 kids at a computer.  A second group could do the same or a different activity using the graphing calculator, while the third group creates a scatter plot by hand, on graph paper.  Dividing the class up ensures that each student will have a job and must stay busy, but be prepared to be running in all directions since the students are unfamiliar with Graphical Analysis and the graphing calculator, and will have forgotten how to plot points!

D.  Connections
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From previous lessons, students should be able to determine independent and dependent variables, therefore defining the domain and range.  You may want to make sure they understand, and quiz them on the proper way to express domain and range (or the way the EOC expresses them):  for example, a domain may be expressed 15 < x (or the first letter of the domain’s description, such as “t” for “time”) < 90.

For future lessons, Correlation study prepares the students to identify positive and negative slopes.  The teacher may also want to discuss a line of best fit and demonstrate how to find the equation on the graphing calculator or Graphical Analysis.  This however is not necessary, as it will be discussed thoroughly in the next few units.

E.  Teacher Procedures and Set-up (before class begins):

1. Make sure the Graphical Analysis 2.0 program is on every computer.

2. The students will create data tables using the instructions provided on the activity pages.

3. You may want to be sure that all of your student computer stations are either networked or connected to a printer, so that students may print out their scatter plots for you to view later.  


F.  Specific Notes

Life Expectancy:  For this data set, be sure that the program has the auto scale set. 

The data presented includes both the male and the female information. It is not expected that the students should graph both sets. A suggestion is that you have students work the information that matches their gender.


Mile Run:  With this data set, the program should be set for manual scaling.

Students are not asked to do an interpolation for this activity. The reason being that since this data pertains to established records, it is not valuable to interpolate for a year like 1970. If a faster time had been run for this year, it would have already been listed in the table.

Birthdays:  The program should be set for auto scale for this activity.


Correlation Follow-up: Using the Graphing Calculator: See Appendix A.
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Answers and Notes for Questions and Procedures:

LIFE EXPECTANCY

1. This data was taken from the article "Must We Age," PARADE MAGAZINE, August 21, 1994, written by Hugh Downs


2. Independent Value: Time in years
Dependent Value: Life Expectancy in years

3. The average life expectancy increases.

4. This scatter plot has positive correlation. As the years increase from 1900 to 1990, the life expectancy increases as well.

5.  Students may have several examples. Some from sports are records for the pole vault and long jump. It is important to keep in mind that there is a difference between correlation and causation. While there is correlation between the years and the records, there is not causation. 

6. The domain is the set {1900,1910,1920,1930,1940,1950,1960,1970,1980,1990}. , You cannot express this domain as 1900 to 1990 because this would include 1908, 1912, etc., which are not included in the data set. This collection of data is discrete. The graphs from the earlier experiments, i.e. "Temperature vs. Time" and "Distance vs. Time" are continuous. (Note: The ULI and probes are not actually sampling continuously. They are really sampling over very small intervals of time. The program which graphs the data collected treats the graph as though the data collected is collected continuously and draws the graph accordingly.)

The range the student selects will depend upon which gender was chosen to graph. Again, as in the domain, you must actually list the data elements. If the male was chosen, the range is {49.6, 50.2, 54.6, 58.0, 60.9, 65.3, etc.} The range would be listed similarly if the female data was chosen.

7.  Over the last several decades, the male life span has been increasing by about 2 years per decade. Therefore a good guess for male life expectancy in the year 2000 would be 73.8 years. Any response close to this should be accepted. For females, the increase over the last several decades has averaged about 1.7 years per decade. Thus, a life expectancy for females in the year 2000 would be about 80.3 Again; any reasonable response should be accepted.

The process of making predictions outside a data set based upon patterns observed in the data set is called extrapolation. Whether you introduce this term or not is your choice. 

8.  For males, a good guess would be about 66 years. For females, about 72.5 years. A guess should be considered a “good guess” if the student response is based upon recognizing that 1958 should be close to the life expectancy listed for 1960. The process of making a guess for a point within the data set (not one of the actual data points) is called interpolation. There is a process called linear interpolation which most of the pre-calculator generation learned. It was used to find approximate values on square root and trigonometric tables. It is still used today by such people as insurance and annuity salesmen who must give results to customers for dates not listed in a benefit table.


9.  This question requires the student to try and see a pattern backwards in time. According to the article mentioned in #1, the life expectancy was only 18 years. You may wish to discuss why this number is so low. If a student can give a reasonable justification for an answer, it should be accepted. Answers such as a negative age, or an age less than 10 should not be accepted. We also would not accept an answer of a life expectancy greater than those in the chart.

The life expectancy was so low due to disease, famine, and war. About 50% of the children died before they were 5 years of age. Famine regularly occurred bringing starvation. War was a destroyer of the lives of many young men.
10. Answers will vary.  However acceptable answers should be reasonably close to #8

11. Answers will vary.  However acceptable answers should be reasonably close to #9



MILE RUN

1. The data is taken from a College Board Pacesetter Unit, “Mile Run.”

The independent axis/variable is Year. The dependent axis/variable is Time in seconds.


2. This is only a statement of procedure.

3. 1954, 1985
The student may set whatever scale values they deem appropriate as long as the span includes the minimum and maximum value.

4. 226.3 seconds is fastest; 239.4 seconds is the slowest. Again, the scale is appropriate as long as it includes these values.

5. Data entry done by student.

6. The observation that we want is that for the mile run records, the data graph goes down as you move to the right rather than "moving up" as in "Life Expectancy." Whatever manner the student expresses this thought is acceptable.

7. Negative correlation. As the years increase, the time in seconds decreases.

8. Any sports record, which has a decreasing time, is appropriate. Others might include the size of the U.S. military over the last decade and a person's weight vs. time if the person is on a weight reduction program.

9. The record was set three (3) times in this year.

10. Students must list the actual values again since the data is discrete.
Domain: {1954, 1957, 1958, 1962, etc.} It is important to note that if a value is repeated in the table, it still is listed only one time in the set.
Range: {239.4, 238.0, 237.2, etc.} The data does not have to be listed in the set in order from least to greatest.

11. The actual mile run record for 1993 is 224.4 seconds.

12. Since the student is extrapolating for 1998, it is important that they have reasonable justification for their answer. Certainly a negative response should not be accepted. Neither should an unreasonably small answer be considered. 

It is interesting to note that official mile run records are not kept for years after 1993. After that year, track and field switched totally to metric and the closest distance to a mile run is the 1500-meter race.

13. The actual record for the year 1945 is 241.4 seconds. This is also an extrapolation since the guess is for a year outside the data set. It is not relevant that 1945 is for an earlier year than those listed in the data set. (Note: Check the Extensions page for research suggestions.)
Finally, it is not valuable to do an interpolation for a year like 1970. Records are included only when an actual record is achieved. If a time were run in that year that was faster than the time for a previous year, the time would have been listed already as a record.


14. Answers will vary.  However, acceptable answers should be very close to #11.
 

15. Answers will vary.  However, acceptable answers should be very close to #12.
16. Answers will vary.  However, acceptable answers should be very close to #13.
GRAPHING BIRTHDAYS

The first objective for this activity is to see that some data sets have no correlation. 

Begin by having labels for each month of the year taped on the wall. Have each student in the class go and stand under the month in which his/her birthday occurs. Record the number of people who have birthdays in each month. Use Graphical Analysis 2.0 to plot the data.

1. The independent variable is the month of the year. The dependent variable is the number of birthdays in each month.

2. Students should copy the data recorded for the class.

3. Data Entry now.

4. The domain for the graph is the set of months of the year {January, February, ..., December}. Students may also choose the set {1,2,3,...,12}where each number represents the particular month of the year, i.e. first month, second month, etc. The range will vary depending upon the number of birthdays in each month for each class. Remember that if a number of birthdays in two or more months is the same, you should still list such a number in the range only once. For example, if the number of birthdays in May, September, and December is 3, 3 is entered in the range set only once.

5. There is generally no correlation evident in this data. It could possibly happen that for this particular group there was correlation, but that would be by chance, not because of any particular quality of this relationship.

6. Students are to give examples of data that exhibit no correlation. Such an example might be the number of each kind of American coins in the students' pockets or purses. Another might be the number of cars of each type that might be counted on a highway.

7. Data set A


The second objective of the activity is to be able to recognize the three types of correlation.

8. Data set J 

9. Correlation Independent Variable Dependent Variable
A. Negative Average hours TV Grade Point Average
B. Positive Speed of a Car Distance to stop
C. Negative Number of students present Number of empty chairs
D. Positive Age Height
E. Positive Years in school Earnings later
F. None Either value may be independent or dependent.
G. Positive Either value may be independent or dependent.
H. Positive Distance from school Time to get to school
I. Negative Time water runs Distance water is from top
J. Positive Heights of medium frame Weight 


                                
  USING THE GRAPHING CALCULATOR

1. None 2. Positive 3. Negative 4. Positive 5. None 6. Negative 7. None

8. GO SATEC
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Internet/Library Research

1. Life Expectancy
Research the Black Death and find out how it affected population numbers in those countries where this plague occurred.

Find a table of square roots and learn to do interpolation for values not found in the table.

2. Mile Run
Find out pole vault records for the past 50 years. Plot a graph of this data and determine the correlation.

3. Birthday
Investigate the probability that two people in a group will have the same birthday (month and day only). What is the minimum number of people needed to be sure that this occurs.

Field Activity Ideas

1. Life Expectancy
Determine if a correlation exists between a man’s age and whether or not he has had military service. For example, interview 10 men aged 70-80 and record the number of these who served in the military. 

2. Mile Run
Ask your school track coach about the possibility of organizing a school intramural track meet. Restrict participation to those students who are not enrolled in athletics. Establish school intramural records for the events and urge that the activity be continued annually.

3. Birthday
Talk to people who work in a hospital delivery room or nursery and find out if is a correlation between the time of the year and the number of births.


Individual or Group Project Ideas

1. Life Expectancy
Some behaviors, like smoking, are known to decrease life expectancy.  Others, like marriage, generally increase life expectancy. Investigate and report on these and other activities which effect life expectancy.

Talk to an insurance agent and gather information on the cost to purchase a new $100,000 term life insurance policy. Be sure to find out if the cost is different for men and women. Also ask if the age of the insured affects the price of the policy. 

2. Mile Run
Find out records for the 1500-meter run in the 20th century. Display a graph of your findings and predict a record for the year 2000.

3. Birthday
Investigate relationships between parts of your body and determine which have correlation. One such relationship is the distance from your fingertips to fingertips when your arms are fully extended and your height.
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