MATH 1333  the REAL Day 24.  Mon. Nov. 16                Trig Spreadsheets and Averaging Measurements


In-Class test on spreadsheet work Wed. Nov. 18 in our regular classroom.

1.  Quiz problem:   Turn in your written solutions or tell me that you have submitted your workbook. 
Look under “Assignments” in Blackboard to see where the “Final version” of the trig workbook will be. 
2.  Sketch a triangle with A = 32º, b=57 ft., a = 31 ft.  Estimate the size of the other two angles in the triangle.   Can you see that there are two possible triangles?

3.  Use the “final version” of the Trig workbook that is currently available to solve a triangle where A = 32º, b=57 ft., a = 31 ft.    What do you find?

4.  Look at the material in Topic V.  Find the exercises starting on page 7.    Change number 11 to problem 35 instead of 36.  Make sure you can find the problem.  (“height of a ladder on a wall”)  
5.  Topic S.  Make a modeling worksheet for a given formula, to use to fit a given dataset.    Topic S, problem 31.   (This will be covered on Test 4, not on Test 3.)  
Homework:  
Topic V.  4, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 

Don’t finish these problems until after we have a working final Excel workbook for the class.  You can start them by drawing the appropriate pictures and identifying the triangle to be solved.   There are too many of these for you to solve all the triangles by hand. 

Topic X. 11, 13, 15, 17, 19, 21, 23  
Discuss Topic  X. 

1. Read at Exploration 2 on page 1.  The true average birth weight of those 377,476 children is some specific number that we don’t know.  We’ll call it the average weight in the population.  Think about the following.

a. If you choose to obtain one record and use the weight on that one record to estimate the average  weight in the population, does that seem like a good answer?   Why or why not?

b. We might choose a random sample of 10 records and take the average of that sample to estimate the average weight in that population.  If we do choose a random sample of 10 records and look at those 10 weights, do you think that all of them will fall on the same side of the population average?  (That is, is it likely that the sample weights will all be larger than the population average weight or else the sample weights will all be smaller than the population average weight?)  

c. If we average those 10 weights together, do you think it is likely that the result will be closer to the population average weight than the individual weight you found in part a?  Why or why not?

d. How could you get an estimate that you would expect to be even closer to the population average weight than either of the above estimates?  

2. Review Table 1 in Topic X.    Do you see that it illustrates the fact that the noise in averages is less than the noise in the individual values?   

3. There is a predictable pattern to how much noise is reduced by averaging multiple independent measurements.  This is introduced on pages 3-5 of Topic X.  (Notice that the word “mean” is the formal name for the average we all know how to compute by adding the scores and dividing by the number of scores.) 
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4. A scale has a noise level of   
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3.73 grams.  If use the scale to make 25 independent measurements of the same object and then average those to get an estimate of the weight of that object, find the noise level for that average. 

5. If the expected noise (std. dev.)of individual measurements is 
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1.82 inches, how many of these independent measurements must be averaged so that the average has expected noise (standard deviation) of 
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0.23 inches?
6. If repeated measurements are not independent, do the formulas we used to answer the questions above still apply?

7. Back to Exploration 2.  “ . . . make a good estimate of the average weight .  . . (and) spend as little money as possible.  . . . What kind of information is needed to enable the researcher to know how many records will be enough?”    
     Answer:  We need to know three things.  
     
(1) How good do we want the estimate to be?  
     
(2) How variable are the weights? 
    
(3) What is the effect of taking an average on the variability?    
The first  (how good?) is a policy decision – made by the person who commissioned the study and is paying for it.   
To answer the second (how variable?) we need prior information or some data.   
The third (effect of averaging?)  is addressed in this lesson.  

8. All of the material we have discussed so far assumes that the measurements we make are uncorrelated.  We’ll have more discussion on another day about the effect of correlation between measurements on these computations.  
Quiz for next time: 
1. (25 pts.)  A scale has a noise level of   
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2.58 grams.  If use the scale to make 12 independent measurements of the same object and then average those to get an estimate of the weight of that object, find the noise level for that average. 

2. (25 pts.)  If the expected noise (std. dev.) of individual measurements is 
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2.46 inches, how many of these independent measurements must be averaged so that the average has expected noise (standard deviation) of 
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0.86 inches?
3. (50 pts) Topic S.  Problem 32

Case Study:  (Exploration 2.)  A foundation interested in child welfare asks a researcher to make a good estimate of the average weight at birth of the 377,476 children born in Texas in 2003, but to spend as little money as possible getting the information.  The state records office agrees to provide as many randomly-chosen records as desired (with all names removed), but will charge a $2 copying fee for each record provided.  What kind of information is needed to enable the researcher to know how many records will be enough?

The question is:  “ . . . make a good estimate of the average weight .  . . (and) spend as little money as possible.  . . . What kind of information is needed to enable the researcher to know how many records will be enough?”  

a. We’ll need to decide what is meant by a “good estimate,” that is, how precise we expect it to be.   That is, we’ll need to decide how small a standard deviation we want our reported average to have.   
Our clients want the final answer to be a 95% interval for the true population birth weight and will think about how narrow they want that interval to be.  What they choose depends on how they will use this estimate and how much money they want to spend on getting the estimate.   If they require a very precise estimate, that will need a large sample size and cost more money. For instance, they might want a 95% interval that is the average plus or minus 3.0 ounces.   When we discussed standard deviation earlier, we learned that if we want a 95% confidence report, we need the interval to be 
value 
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 2*standard deviation
so that means that our 3 ounces needs to be 2 standard deviations, so we want the standard deviation of our reported average to be 1.5 ounces.  
(We could choose a different value for either the 95% or the 3 ounces and work out the implications for the standard deviation.)

b. We’ll also have to determine how variable the individual values in the population are.  That is, estimate the standard deviation of the values in the population.   
We might already have an idea of how variable these birth weights are, but if not, we could take a preliminary sample to use to get an estimate of the standard deviation of the individual weights and use that to plug into the formula to find the sample size.  However, as soon as we get better information (the full sample), we’ll find the standard deviation of the values in that entire sample and use that to estimate the standard deviation of the individual weights as we go forward.

c. To use the formulas in this Topic, we’ll need to be sure we’re taking independent measurements.  The state office said they would provide randomly-selected records from the entire population, so that assures us of independent measurements. 

How would this be carried out?

1. To start the process, ask the state office for 20 randomly selected records.  (This preliminary sample is often called a “pilot study.”) Obtain those and make a list of  birth weights from the records.    
Here are the first five:  8 lbs, 3 oz; 6 lbs, 2 oz;  7 lbs, 8 oz; 7 lbs, 14 oz; and 5 lbs, 9 oz.   

2. Because it will be very inconvenient to deal with these weights in both pounds and ounces, we will convert each weight to one number.  Typically that would be either in ounces or in grams.  In ounces, the first five are:  131 oz, 98 oz, 120 oz, 126 oz, 89 oz.  

3. From the 20 records in the pilot study, we find that the average is 118.329 ounces and the standard deviation is 22.322 ounces.    

4. We have decided that we want a 95% interval for our estimate of the population average to be  value 
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 3.0 ounces.   That means that 3.0 ounces = 2 * standard deviation of the average, which implies that the standard deviation of the average should be 1.5.  

5. Use the formula:  
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   Since we can’t take a fraction of a record, we will need 222 records.   This means that the data for this study will cost us $444 (222 records at $2 each.)  
(We might choose to take a few more records, since our estimate of the standard deviation from the pilot study is just based on a few observations and might not be very accurate.)    

6. Since we already have 20 records, we will obtain 202 additional records.   From those records, we will obtain the weights, convert them to ounces, and add them to our list of weights.   

7. From the list of 222 weights, we will compute the average and standard deviation.  
Average = 109.836 ounces, standard deviation = 19.675 ounces.     

8. Next we compute the standard deviation of the average:  
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9. Round the standard deviation to two significant digits to get 1.2 ounces to make the report easier to read.  Then we will round the average to the same precision as the standard deviation.  Here that’s to the nearest tenth of an ounce.     

10. We put this into our form for reporting measured numbers to find the average birth weight for Texas babies in 2003 is 
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, which is 
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 ounces (95% confidence).

11. Notice that our estimate is actually more precise than we planned – with 
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 2.6 ounces rather than 
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 3 ounces.   That’s because our better estimate of the individual standard deviation from all the data we obtained was smaller than the value we happened to find in our pilot study.   In general, one would not expect the value in the pilot study to be exactly the same as the later, better value, but we’d expect it to be close, as it was here.   It is not possible to predict whether the value from the pilot study will be an overestimate or underestimate – it could be either in a good pilot study.  
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