Normal Distributions

Getting Started: 

Review of Previous Lesson/HW/Do Now
Statement of Objectives: 

A2.S.5 Know and apply the characteristics of the normal distribution.
Big Idea: 

Normal curves are about probability.  

When you look at a histogram, the height of each bar shows the probability of a data element being included in that bar.  For example, the accompanying histogram shows the heights of the students in Kyra’s health class.
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We can determine from this graph that the total number of students in Kyra’s health class is 2+4+5+4+1=16, and the probability of a student being 180-189 centimeters tall is 5 out of 16.  Similarly, the probability of a student being 160-169 centimeters tall is 2 out of 16; the probability of a student being 170-179 centimeters tall is 4 out of 16; etc.

When you look at a normal curve, the area beneath the curve represents probability.  Standard deviation units are used to define the intervals on the x-axis of a normal curve in the same way that bars on a histogram are used to represent defined intervals.  




Normal curves always have two scales on the x-axis.

· The first scale is the standard deviation scale, which is centered with 0 on the y-axis and has a domain of -3 through +3.  (See scale on top of preceding normal curve.)

· The second scale is the data scale, which is centered with the mean (average for the distribution) on the y-axis and showing various values associated with the standard deviation units.  The data scale typically has no negative integers, though this is not an absolute rule.

· The data scale value that corresponds to 
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 is the mean.  

· The data scale value that corresponds to 
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 equals the mean plus one standard deviation unit.

· The data scale value that corresponds to 
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 equals the mean plus two standard deviation units.

· The data scale value that corresponds to 
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 equals the mean plus three standard deviation units.

· The data scale value that corresponds to 
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 equals the mean minus one standard deviation unit.

· The data scale value that corresponds to 
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 equals the mean minus two standard deviation units.

· The data scale value that corresponds to 
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 equals the mean minus three standard deviation units.

An outlier is a data point that is significantly beyond the normal curve.  Outliers are sometimes disregarded when calculating different statistical measures, but they serve to remind us that some data values are beyond the third standard deviations above or below the mean and the curve never actually reaches the x-axis.  Such outliers are very rare.

Normal Curves with standard deviation scales and corresponding data scales can be used to determine the probabilities associated with any specified data value in a distribution.

The following graphic relates the distribution of standard deviation intervals within a normal curve to normal probability.  It shows the various probabilities of normally distributed values occurring within specified standard deviation units.  For example, 19.1% of all values in a normally distributed set of data will fall within ½ standard deviation units above the mean.  Students should know how to interpret this graph use it to solve problems involving normally distributed data.
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NOTE:  This graphic is always provided on Regents Math B Examinations.

Teaching Tip:  Students should be encouraged to follow two general heuristics when using normal curve graphs:

· Always add a data scale that correlates with the standard deviation scale.

· Use a pencil or other marker to shade and visually identify the area under the curve that is the focus of the problem.

As the standard deviation increases in size relative to the mean, the bell shaped curve gets flatter.
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Testing Tips:  
· If you see the words “normally distributed” in a Regents problem, you should consider using the normal curve graphic to solve the problem.  
· Data is more “consistent” when the standard deviation is smaller.
Modeling:

Math B Regents Exam Question

	Professor Bartrich has 184 students in her mathematics class.  The scores on the final examination are normally distributed and have a mean of 72.3 and a standard deviation of 8.9. How many students in the class can be expected to receive a score between 82 and 90?


One Solution

	Combine the information from the problem together with the information about normal distributions contained in the graphic provided in every Regents examination.  

· Start by creating a data scale that corresponds to the standard deviation scale.  This scale has a mean of 72.3 and the distance between standard deviations is 8.9.

· Next, shade or mark the area under the curve that corresponds to the interval from 82 to 90.

A simplified illustration follows:
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The problem wants to know the number of students expected to receive scores between 82 and 90.  These scores are in the area of the normal curve that is between the first and second standard deviation, as shown by the double-arrow.  The normal distribution graphic printed in every Regents Math B examination shows this area to contain 9.2% + 4.4%=13.6% of the total population.  The total is 184, so we multiply 13.6% times 184. 
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Graphing Calculators and A Case for the Regents Being Wrong:  The above answer 
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agrees with the Regents Examination Scoring Rubric.  However, a different answer will be obtained if a TI83 graphing calculator is used to solve the problem.  Here is how the problem is solved on the graphing calculator.  

Step 1.  Press 
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Step 2.  Input the lower boundary, the upper boundary, the mean, the standard deviation and close the parenthesis.  Put commas between the numerical entries. 

For this problem, the entry would be: 82,92,72.3,8.9)

 Step 3.  Press 
[image: image16.wmf]ENTER

 and the number .1145178018 appears on the screen.  This number represents the probability of a score falling within the specified upper and lower boundaries for the normal distribution described by the given mean and standard deviation.  

Step 4.  Multiply the probability times the total population and you get the total number of scores within the specified range.


NOTE:  This was considered an incorrect answer on the Regents scoring rubric.  

	
	


Why the Two Solutions are Different

The normal curve assumes an infinite number of data points spread uniformly under the normal curve.  Thus, some grades are assumed to fall in the interval between 81.2 and 82, and some additional grades in the interval between 90 and 90.1.  The precision of the graphing calculator excludes the data points in these two intervals, whereas the Regents’ scoring rubric does not.

Testing Tip: 

· Use the normal curve provided when solving normal curve problems.

Another Math B Regents Exam Question

	In a certain school district, the ages of all new teachers hired during the last 5 years are normally distributed.  Within this curve, 95.4% of the ages, centered about the mean, are between 24.6 and 37.4 years.  Find the mean age and the standard deviation of the data.


One Solution

	Combine the information from the problem with the information about normal distributions contained in the graphic in every Regents examination. 

· Start by shading in the area of the graph, centered about the mean, that includes 95.4% of the data.  This is shown by the dark arrows in the following diagram.

· Next, anchor the data scale using the information from the problem.
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Once we get the problem firmly associated with the graphic, we can see that there are four standard deviations between 24.6 and 37.4.  This means we need to divide the difference between 24.6 and 37.4 by 4.  
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 The mean would be halfway between 
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, so the mean is halfway between 24.6 and 37.4, which is 
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Check for Understanding: 

Guided Practice: 

Selected worksheet.

Independent Practice: 

Students should complete the worksheet on their own.
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