LECTURE NOTES – 2.
Chapter 5 
Describing Distribution Numerically

Measures of the center:

· midrange 
· median
· mean
Measures of the spread:

· range
· interquartile range (IQR)
· variance
· standard deviation
Data:  45 46 49 35 76 80 89 94 37 61 62 64 68  56 57 57 59 71 72 

Sorted Data:     

  35 37 45 46 49 56 57 57 59 61 62 64 68 71 72 76 80 89 94

Max = 94,    Min = 35,     n=19

· midrange = average of Max and Min  

          Midrange = (35+94)/2 = 64.5
· median = the middle value  (or the average of two middle values)

1. When no of sample (n) is odd, median is the (n+1)/2 th sample in the sorted data.
2. When no of sample (n) is even , median is the average of the n/2 th and (n/2 + 1) th observation in the sorted data.
Median = 61

· mean = the average value = sum/n 
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 EMBED Equation.3  [image: image2.wmf]
Mean = (35+37+...+94)/19 =1178/19 = 62

Note: For skewed distributions the median is a better measure of the center than the mean.  
The median splits a histogram so that the areas of the bars on either side of the median are equal regardless of how far they are from the centre.

The mean balances the histogram, taking into account both the size of the bars and their distance from the centre but as a result it may not have equal number of data on either side. 
If a distribution is skewed to the right the mean is higher than the median.

The points at the right have pooled the mean towards them away from the median.

If the distribution is roughly symmetric then mean ( median

Example

The data is presented in so called five-stem display
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Note that the shape of the distribution is roughly symmetric and bell shaped.

How would this effect a comparison of the median and the mean?

Median = 24

Mean = (9+1+10+27+19+9+3+10+20(17+30)/19=458/19=24.1052

Data (sorted !):     

35 37 45 46 49 56 57 57 59 61 62 64 68 71 72 76 80 89 94

Max = 94,    Min = 35,     n=19,   Mean = 62, Median = 61

· Range = Max - Min
Range = 94 - 35 = 59

· Interquartile range (IQR) = Q3 - Q1

Q3 = Upper quartile = middle of upper half 

               (include median if n is odd exclude if n is even)

    Q1 = Lower quartile = middle of lower half 

               (include median if n is odd exclude if n is even)

Upper half:   

35 37 45 46 49 56 57 57 59   [61 62 64 68 71 72 76 80 89 94]
Q3 = (71+72)/2 = 71.5

Lower half:   

[35 37 45 46 49 56 57 57 59 61] 62 64 68 71 72 76 80 89 94
Q1 = (49 + 56)/2 =52.5

IQR = 71.5 - 52.5 = 19

· variance = "average" square deviation from the mean 
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Data: 
35 37 45 46 49 56 57 57 59 61 62 64 68 71 72 76 

80 89 94   

                              n=19,   Mean = 62

	Data
	Deviation
	Deviation^2

	35
	-27
	729

	37
	-25
	625

	45
	-17
	289

	46
	-16
	256

	49
	-13
	169

	56
	-6
	36

	57
	-5
	25

	57
	-5
	25

	59
	-3
	9

	61
	-1
	1

	62
	0
	0

	64
	2
	4

	68
	6
	36

	71
	9
	81

	72
	10
	100

	76
	14
	196

	80
	18
	324

	89
	27
	729

	94
	32
	1024

	Sum
	0
	4658


s2 = 4658 / (19-1) = 258.8

s =  ( 258.8 = 16.1

SUMMARY

Max = 94

Q3=71.5

Median = 61

Q1 =52.5

Min = 35

IQR = 19

Mean = 62,  

Standard Deviation = 16.1

Why standard deviation (taking the square root)?

Whatever the units of the original data are, the variance is in squared units. But we want the measure of spread to have the same unit as the data. So to get back the original units, we take the square root of the variance and the result is standard deviation.
Note: Like the mean standard deviation is appropriate only for roughly symmetric data. If the data is skewed IQR is a better choice as a measure of spread.
Data: 
35 37 45 46 49 56 57 57 59 61 62 64 68 71 72 76 

80 89 94   

Five number summary

Max = 94

Q3=71.5

Median = 61

Q1 =52.5

Min = 35

IQR = Q3 - Q1 = 19

Upper fence = Q3 + 1.5 IQR =71.5 + 1.5 x 19 = 100

Lower fence = Q1 - 1.5 IQR = 52.5 - 1.5 x 19 = 24

Outlier = data values which are beyond fences



 (no outliers here)

Boxplot: 
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Chapter 6 

Standardizing and Normal Model

Question: Who did better

· Samuel winning 800-m in 129 sec., or

· Matthew winning long jump with 660 cm jump?

The average time for 800-m run was 137 sec. and the standard deviation was 8 sec, so Samuel’s time was (129 -137)/8 = -1.0

standard deviations below the average. 

The average jump was 600 cm., and the standard deviation was 30 cm., so Matthew’s jump was 

(660-600)/30 = 2

standard deviations above the average. 

Matthew did better. 

Standardizing

DATA:   
[image: image6.wmf]1

y

 
[image: image7.wmf]2

y

...
[image: image8.wmf]n

y



[image: image9.wmf]y


= mean

s = standard deviation

For each data point  
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  the number 
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is called the standardized  value of  
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 or z-score

· Mean of the standardized values is  0

· Standard deviation of the standardized values is 1 

· Standardization does not change the shape of the distribution.

Rescaling Data 

Adding  a constant  c  to every data value adds the same constant to measures of center (mean, median, quartiles) but leaves measures of spread unchanged.

When we multiply all data values by a constant c then mean and  median are multiplied by  c  and the standard deviation and IQR are multiplied by  |c|.

Model of a population distribution

Population distribution of a variable x is often modeled by a curve with the properties that the proportion of the population for which x is between a and b is the area under the curve and between a and b
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Normal Distribution 

Normal distribution is a model for a distribution of a whole population.

Normal distribution is denoted N((,()

· ( - is the population mean

· ( - is the population standard deviation

68-95-99.7 Rule
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1. 68% of  values fall within one standard deviation of the mean

2. 95% of  values fall within two standard deviation of the mean

3. 99.7% of  values fall within three standard deviation of the mean

The normal distribution with ( = 0 and ( = 1 is called the standard normal N(0,1). 

The areas under standard normal curve are in Table Z (page A82-83).  If a variable is normally distributed then its standardization is standard normal 

If a population is normal N((,() then the proportion of polulation between numbers a and b equals the area under the standard normal curve and between the z-scores that correspond to numbers a and b
Example:

Suppose that we model SAT scores Y by N(500, 100) distribution. 

1.  What percentage of SAT scores fall between 450 and 600?
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z-scores of 450 and 600:

   (450-500)/100 = -.50

  (600-500)/100  = 1.00

Hence  P(450 <Y<600) 
= area under standard normal curve and between -.5 and 1    = 0.8413 - 0.3085 = 0.5328

Answer:  53.28%

        TI-83:  [2nd DISTR 2]    normalcdf(450,600,500,100) =0.5328072

2. For what value b, 10% of SAT scores are greater than b?
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Let  z be a z-score of  b.  The area to the right  of  z must be 10%, so the area to the left is 90% ( 0.90)

From Table Z the z-score for which the area to the left is .9 is z = 1.28

Hence  b is 1.28 standard deviations to the right of (, that is 

b = 100 x 1.28 + 500 = 628

Answer: b = 628

TI-83:  [2nd DISTR 3]  invNorm(.9,500,100) = 628.155
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