Picking Out Patterns in the Weather           


Student Section

Introduction

Many local newspapers report the hourly temperatures at the local airport. In some cases, they also report additional information, such as the relative humidity. This information may be collected and analyzed in an effort to connect the actual weather experiences of the students ( warm, cold, rainy, or clear) with the numerical and graphical representations of that data. Measure of Central Tendency and various Statistical Plots will be used.
Data Collection

Get the data for the hourly temperature from the indicated source for the city that has been selected. Make sure you have all the data, including additional measures, such as Relative Humidity, Barometric Pressure. Additionally you will need to know what date the information is for, the sunrise and sunset times, and where the data came from. Other weather conditions such as warm fronts, rain, or pressure centers will also be used. Answer questions 1, 2, and 3 on Data Reporting Form (DRF). 

Analysis

1. Place the data in your calculator, using the following names for the list: Time (LTIME), Temperature (LTEMP), Relative Humidity (LRH), and Barometric Pressure (LBP). Use your own choice for additional data types. You will probably not have all of the data listed above, so just create lists for the data that you have.

To place the data in your calculator press ( and move up to the very top of the lists and to the left until you see a 1 in the upper right hand corner of the screen. This means you are in the header of the 1st list. Then press ( until all the lists are moved to the background and the screen looks as shown below.
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Press ( ( and move around the screen to select the letters for the list for Time. Press ( to pick the letter, ( to erase a mistake, and select Done when finished. Press ( to finish that list, and then move to the right to start the second list name. Repeat until you have named all the list that you have data for.
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2. Now we wish to enter the actual data. Key in the information, making sure that the numbers agree with what you have on your paper, and that they match up with the appropriate times. Start with the first time reported, and use the ZULU time system, with 0 being Midnight, and 13 being 1:00 PM. (Hint: use the sequence command to fill the list for Time automatically seq(T,T,0,23,1)(LTIME from the Home Screen). When you have finished, check to see that the lists are all of the same length, in this case we have 24 data points in each list, ending at 11:00 PM. If there is a missing value, place the cursor at the location (cell) that the value needs to be and press ( ( to move the data down and place a 0 in the missing cell. Then key in the correct value and press ( to save it.
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3. Now we need to spot check our data. The first step is to look at the data for "order of magnitude mistakes" like shown below. This type of number sense is important to have before the data analysis begins. Correct any mistakes by placing the cursor on the cell that contains the mistake and type the correct value in and then press (. In the example below we are correcting the temperature.
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4. Now we need to do a spot check. Move to the 3:00 PM reading (15) and check the values for all your readings for that hour. This random check would assure you have all the data correct, but if you have a mistake for this hour, you should randomly pick another time to test. 

                                      [image: image11.png]TIHE _ |TEWF  |RH
[} E
16 43 S
17 3 S
1 i ]
i) g e
i 3 ya
Bl ui F

TINE(EI=15







5. Now we are ready to examine the data for patterns. We will first look at the temperatures as they change through the day. Answer questions 4, 5, and 6 on the DRF. 
 

6. To help identify the Mean and Median, it might help to make a graph of the data. 
To set up a Plot, press ( ( and identify which of the three plots you want to use. Highlight the number of the plot and press (. Set up the first plot that we will do as shown below, a Histogram.
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7. Set up the ( so that we will have a good view of the data. Place the Minimum value of the Temperature as Xmin, the Maximum value plus the Xscl will be the Xmax, and try Xscl as 1. The Y values should be set based on the number of times the Mode occurred. If the Mode was 47 Degrees Fahrenheit, and it occurred 7 times, then Ymax should be about 8. The Ymin should be adjusted to give a good view when Tracing. Make sure no other graphs are on, and then press ( to see the graph. If you are not pleased with the view, adjust the window settings until you are. Report the values that you used and the graph on the DRF, question 7.
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8. Count the number of temperatures (the n values) to see that you have a total of 24 (or the number you should have). If you don't have the correct total, check your window to see why.


9. From this graph we should be able to verify the Mode(s) and to identify the Median. Report these values in question 8 of the DRF.


10. Verify the Median and the Mode by using these functions on the TI-73. These are located under the Catalog. Press ( ( and then ( ( to pick M, the first letter in the functions. Move the cursor down until it points at the given function and then press (. Next we need to get the name of the list with the Temperatures, so press ( ( to get to the list of lists, and then scroll down to select the list TEMP. When pointing at this list press ( and then ( again to get the value. Repeat the process for the other function and report these values on the DRF, question 9.
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11. Now we need to attack the Mean or Average of the Temperature data. If we look at the Histogram, with a Xscl of 1, we might see where the Mean lies. Examine your graph and report your first guess as to the value of the Mean on the DRF, question 10. 


12. If we change the view of the data in the Histogram, we might be able to get a better estimate of the Mean. Let us set the Xscl to 10 degrees and then adjust the X and Y values to get a good view. Make sure you still have the correct number of temperatures ( n total = 24). Consider the location of the Median in your decision making. Report the results on the DRF, question11. For additional information, set the Xscl to 5 degrees, and adjust the X and Y values in the window.
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13. With the Xscl set to 10 degrees, calculate the Mean by multiplying the n-value for one column by the Median of that column. In the example above, the 1st calculation would be 11* 35 degrees. Repeat this for each column and then total the products and then divide by the number of temperatures ( the total n = 24). This should be a rough average. Report your results and calculations on the DRF, questions 12 and 13.


14. To get the True Mean, you could follow the steps above used to get the Median and Mode(s), or select the command off of the Math Menu under the Stat options. From the Home Screen ( ( ( ( )  press ( ( ( ( and select the Mean option from the MATH Menu, 3:mean(. Press (. Now select the list name as before from the list of lists and the press ( to get the results. Answer question 14 on the DRF.
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15. Let us set up another plot that might help us better under stand the pattern in the Temperature data. To set up a Box and Whiskers plot press ( ( and go to the plot that was set up as a Histogram and set it up as shown below. Select the automatic window settings now by pressing ( ( to get the ZoomStat option. Press ( and use the arrow keys to explore the graph. Report your results on the DRF, question 15.
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16. Place the Mean value for the temperature data on the graph by going to the Home Screen ( ( ( ( ), select the Vertical line tool from the Draw Menu (( () and then the Mean of the list as before. Press ( to place the line. Reply to the question on the DRF, number 16.
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17. Place both graphs up on the screen at one time. See if this helps explain the distribution of the data. Report the results on the DRF, question 17.
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18. We could now see the changing weather over time if we set up a plot as shown below. This will be an xyLine plot with Time as the independent variable and Temperature as the dependent. Press ( and make sure all but Plot1 is off. Do this by moving the cursor to the highlighted Plots and press (. Press ( ( ( to set up Plot1 as shown below. Adjust the window by pressing ( and recalling that the values for X are the Times and the Y values are the Temperatures. Trace along the graph and report your results on the DRF, questions 18 and 19.
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19. Now place the key values from the temperature data under ( as shown below. Use the (option and the ( ( to switch between values.Give the results on the DRF, question 20.
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20. To reproduce the Histogram from this graph, we could put in the set of 10's used in our second Histogram. Place the values used on your Histogram and examine the graph. Answer question 21 on the DRF.
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21. And by changing the plot type we can see the Median and maybe the Mode! Explain on the DRF, question 22.
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22. Setting the graph back to normal, we can get some insight on why the temperatures changed over the given time period. Place the values for Sunrise (7:20 AM) and Sunset (6:05 PM) as vertical lines as shown below. Answer question 23 on the DRF.
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23. Since we have two measures over the time period, it might be important to look at the graphs of both. Set up the two plots as shown below, with the example having the Relative Humidity as the second variable. Place your Sunrise and Sunset vertical lines on the graph. Answer question 24 on the DRF.
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24. To see if we have a pattern or relationship, we an set up the following Scatter Plot using Temperature as the independent variable (X) and the Other data set (Relative Humidity) as the dependent variable (Y). 
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25. The pattern above seems Linear, so we could ask the computer to do the Manual-Fit calculation. It might be best to set the ( to show fewer decimal places as we do this. Move to the Float line and highlight the 2 and press (. Return to the Home Screen ( ( (and select the Manual-Fit function by pressing ( ( ( (. Now we wish to have the equation placed in the ( area, so if we tell the computer now, we can have that done automatically. Press  ( ( ( ( (. Now we are on the Graph Screen and we need to place two points close to the line in the data. Move to the first place and press ( and then to the other end and press (. Before we capture this line we can adjust the Slope (( () and/or the Y-Intercept (( (). Adjust as you feel necessary and then press ( to capture the line. When satisfied, answer questions 25 and 26 on the DRF.
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Going Further

· Complete the analysis for other data such as Relative Humidity, or Barometric Pressure.

· Pick different cities, or seasons and look at the data.

· Convert the data to a different unit and see if the variations make more sense.
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· Link together the data for several days and see if your patterns still hold. For example, this is the data for three days, Time vs. Temperature.
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Data Reporting Form

1. Answer the following questions about your data:

What City and State: _______________________________

What day and date was the data reported for: ___________________________

What data was collected and in what units (fill in all that apply):  

Time in __________


Temperature in ___________



Relative Humidity ___________
Barometric Pressure in ___________

Other: _______________________in ___________

Sunrise: ___________

Sunset: _____________


2. What weather conditions where evident during the time of data collection. Include information about Fronts, Pressure Centers, and Precipitation as well as the conditions of the sky ( clear, fog, cloudy, etc.).
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________


3. Give a full and complete reference for the data. 
______________________________________________________________

Were there any estimated data points?    YES    NO

If yes, explain: __________________________________________________


4. Report the following for the Temperature data:


	Measure
	Value

	Maximum
	

	Minimum
	

	Mode
	

	Range
	


5. Describe any pattern that you see in the temperature change over time. Include times that the pattern starts or stops.
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________


6. Make a sketch of the graph of the Time vs. Temperature in the space below. Label the times and temperatures at critical points.
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7. Fill in the information below, and provide a image of the Histogram.
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8. The Mode(s) for the Temperature = __________________________

Is this the same value you reported before?  YES   NO

The Median Temperature = _________


9. Give the computer's values for the indicated values:

Median = _________


Mode(s) = _____________________

Do these values agree with your answers in question 8?   YES  NO

If not, explain: _______________________________________________
___________________________________________________________


10. My first guess at the Mean of the Temperature data = ________________

My rationale is _______________________________________________
____________________________________________________________
____________________________________________________________


11. My second guess at the Mean of the Temperature data = ________________

My rationale is _______________________________________________
____________________________________________________________
____________________________________________________________

Fill in the information below, and provide a image of the Histogram.
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12. Detail your calculations below and report the calculated Mean:







How does this value compare to your two previous guesses? Explain.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________


13. How would you change the calculation if Xscl was 5 degrees, and what would happen to your value for the Mean?
_____________________________________________________________
_____________________________________________________________


14.  What value did the computer get for the Mean? ______________

How does this value compare to all your guesses? Elaborate.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

How does the value of the Mean compare to the value of the Median? Mode(s)?  
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________


15. Report the following below, and provide an sketch of your Box and Whiskers identifying the landmarks.


	Measurement
	Abbreviation
	Value

	Minimum
	minx
	

	1st Quartile
	Q1
	

	Median
	Med
	

	3rd Quartile
	Q3
	

	Maximum
	maxX
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16. Sketch and label the Vertical Mean line above. Why do you think this line falls on the Box and Whiskers plot where it does? Use the information from the Histogram to help explain, if you can.

__________________________________________________________________
__________________________________________________________________
__________________________________________________________________


17. Provide an image of your combined graph of the Histogram, the Box and Whiskers, and the Vertical line at the Mean. Give the window settings below. 
How does this image clarify the measures?

__________________________________________________________________
__________________________________________________________________
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18. How does this graph compare to your sketch on question 6?

__________________________________________________________________
__________________________________________________________________

Give an image and a sketch of the xyLine and the window.
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19. At what times did the following events occur? Mark them on the xyLine in the sketch above. Describe the significance of these in the pattern of heating or cooling observed.
______________________________________________________________________________________________________________________________________________________________________________________________________


	Measure
	Temperature
	Time

	Minimum
	
	

	Maximum
	
	

	Mean
	
	

	Median
	
	

	Mode(s)


	
	


20.  Provide an image of the graph. Does this view of the information give you some insight into the relationship between the Mean and the Median for this set of data? Explain. 
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________


21. Provide an image of this graph. What values were used in the list? ____________
How does this view of things help explain the Mean and Median values? 
__________________________________________________________________
__________________________________________________________________


22. Make a sketch of this graph and explain how this view shows off the Median, and maybe the Mode.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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23. Provide an image of this graph. Explain what is happening around the following times:

Sunrise: _________________________________________________________
________________________________________________________________

Sunset : _________________________________________________________
________________________________________________________________


24. What pattern do you see, or what relationship between the Temperatures an the other data (in the example Relative Humidity). What role does the Sun play in this? Other factors?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________


25. Produce an image of the Scatter Plot with the Line of Best fit. Give the equation and identify the units of each of the parts ( y = a*x + b ).

Equation: _______________________

a = _________
b = __________
y = __________
x = ________


26. Do you think this pattern will always hold (between the temperature and the other variable)? Explain. How could you verify this?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________


Teacher Section

Concepts

	NCTM Content and Process Standards:


	

	Data Analysis, Statistics & Probability
	Communication

	Geometry & Spatial Sense
	Connections

	Measurement
	Problem Solving

	Numbers & Operations
	Reasoning & Proof

	Patterns, Functions & Algebra
	Representations


NCTM Principals:

Assessment

Equity

Learning

Mathematics

Teaching

Technology
Materials

· The data from some reliable source, with Time, Temperature, and maybe other data like Relative Humidity or Barometric Pressure, as well as the Date, Sunrise, Sunset, and other information about High and Low pressure areas, Warm and Cold fronts, and Precipitation data. It might be useful to give kids data from different days over a week, or from different seasons. It might be that you want the kids to find the data from the city of their choice. This data might be on the Internet, or the students could write to get a copy of the paper mailed to them.

· TI-73 Graphing Calculator with Data Link Cable.

· GraphLink Software and Cable.

Set-up

You may copy the data from the newspaper and give it to each person or team, or make an overhead transparency for the whole class to read from (make sure you make some extra copies from students who have trouble transferring from to their calculator from the overhead, or absent students). If you chose to email the data to your kids, make sure you scan the entire weather page since it contains information that might help in the analysis.

As students produce graphs, allow them access to the computer for saving or printing the display. It would also be useful, if you are not fortunate enough to be in a Block schedule environment, to have the kids save their lists on the computer for future use. 

If  you are having the students gather the data from either local or remote newspapers or the Internet, make sure you give enough lead time to collect the data, and that there is a source of back up data for the students who fail to get their own. Some students may be able to collect extra data which could be used.


Use the 1-Var Stats function with the students when you feel they are ready. This reports most of the needed information, and the Standard Deviation value could be used to help answer some of the questions.

Have the students use the equation of best fit, and predict some Relative Humidity values at a given temperature and then compare to the actual readings. 

Theory

Teaching about the Measures of Central Tendency (Mean, Median, and Mode) can be difficult, especially when the data used in the analysis is meaningless to the students. In addition, students usually get the measures confused, that is, they know one of them is the number that appears most often, and they can determine the value(s) but they don't know that it is called Mode. To help with this we will be using real data that the kids can relate to, as well as Statistical Plots (xyLine, Box and Whiskers, and Histogram).

Answers


Using this data set we would have the following answers.

	Time
	Temperature
	Relative Humidity

	0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
	39

37

35

33

33

32

32

31

33

36

40

42

45

47

50

51

52

52

48

45

43

41

40

38
	55

59

64

69

69

69

72

75

78

69

52

43

40

38

34

32

32

33

39

45

49

55

59

63


1. answers will vary but make sure the units are complete and correct.
2. answers will vary - look for information on things that would effect the temperature or other variables, in particular radiation cooling
3. answers will vary
4. for example

	Measure
	Value

	Maximum
	31(F

	Minimum
	52(F

	Mode
	33(F

	Range
	52(F to 31(F

OR 

21(F 


5. should see warming and cooling at sunrise and well before sunset

6. answers will vary- look for good labeling              

7. see student section for example                   

8. answers will vary- look for explanation of differing values
9. answers will vary - in this example 
Median = __40(F ______


Mode(s) = __33(F 

10. answers will vary 

11. answers will vary
12. answers will vary but in the example we have: 
(35 * 11 + 45 * 9 + 55 * 4) / 24 = 42(F
13. a more accurate approximation

14.  In the example:  Mean? ___40.63(F __________
How does the value of the Mean compare to the value of the Median? Mode(s)?  
answers will vary

15. answers will vary

	Measurement
	Abbreviation
	Value

	Minimum
	minx
	31(F

	1st Quartile
	Q1
	34(F

	Median
	Med
	40(F

	3rd Quartile
	Q3
	46(F

	Maximum
	maxX
	52(F
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16. answers will vary

17. answers will vary
18. Students should see the same image rotated 90 degrees.   

19. answers will vary- in this example we have


	Measure
	Temperature
	Time

	Minimum
	31(F
	7 AM

	Maximum
	52(F
	4 and 5 PM

	Mean
	40.63(F
	never

	Median
	40(F
	10 AM and 10 PM

	Mode(s)
	33(F
	3, 4, and 8 AM


20.  answers will vary 

21. answers will vary
22. The Median can be counted off between the Horizontal lines, and the Mode might appear as a collection of more points along a particular Horizontal line. 
23. answers will vary
Sunrise: __usually an abrupt end to the cooling and rapid heating_________
Sunset : ___usually this occurs at the middle of a slower cooling trend well after the cooling started and well before it hits a minimum.________________

24. answers will vary but an inverse relation should be noted (as the temperature goes up the humidity goes down, etc.

25. answers will vary 
Equation: _Y = -2.43X+152.02______________________

a = __%/(F _______
b = ___%_______
y = ___%____
x = __(F ____


26. No, it will depend on the weather conditions. Just look at the data from another season, or the data used in this example.

Going Further

· Set up your own weather station to collect the same data with a CBL2, or additional data like light. See the investigations listed below. Compare this data with the information reported by the newspaper.

· Take a field trip to the local weather bureau, newspaper, TV weather center, and or airport. Help the kids to see how this information is collected and reported ( a key transfer to understanding, analyzing, and critiquing numerical data).

References

· CBL2 Reference Manual; by Johnston and Young; Stationary Weather.

· Data Collection Activities for the Middle Grades with the TI-73, CBL and CBR; by Johnston and Young; Activity 5: Light and Day; TI - Explorations Book.

· The Commercial Appeal at http://www.gomemphis.com/
· The Dallas Morning News at http://www.dallasnews.com/
· The US Weather Service at http://www.nws.noaa.gov/
· The Weather Channel at http://www.weather.com/
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