IB Math SL					MEASURES OF SPREAD
Notes – Unit 3, Day 4 [image: http://upload.wikimedia.org/wikipedia/commons/thumb/9/9b/Carl_Friedrich_Gauss.jpg/180px-Carl_Friedrich_Gauss.jpg]

I. A BIT OF HISTORY:
In 1809 Gauss published his monograph "Theoria motus corporum coelestium in sectionibus conicis solem ambientium" where among other things he introduces several important statistical concepts, such as the method of least squares, the method of maximum likelihood, and the normal distribution.
        http://en.wikipedia.org/wiki/Gaussian_distribution#History

II. ANALYZING DATA:
There are a lot of factors to consider when analyzing data: mean, median, mode to name a few.  You also want to consider the RANGE of the data.

In the following 2 data sets, find the mean and median:

a) 
b)  31.3, 31.3, 31.5, 31.6, 31.7, 31.7, 32.1

 _________	median = ___________ 

c) 9.1, 10.3, 24.6, 31.6, 37.8, 47.9, 54.3

 _________	median = ___________ 


What do you notice?   
 The data is very different, however!

III. THE INTER-QUARTILE RANGE:
The inter-quartile range is the “middle 50”.  It is found by subtracting the lower quartile (QL) from the upper quartile (QU).

Inter-quartile range = QU - QL 

Using the data sets a) and b) above, find the inter-quartile range (IQR) of each.

a) QU = _______________						b)  QU = __________________
QL = _______________						       QL = _________________
IQR = _____________						    IQR = _________________

IV. BOX-AND-WHISKER PLOT:
This is a visual way to represent the quartiles, median, highest point, and lowest point for a set of data.  The box = inter-quartile range.  The whiskers represent QL and QU.



           Least      Lower	      Median	Upper		  Highest
           Data     Quartile			Quartile	 	    Data
          Point						    Point



Example: Use your GDC (steps below) to make a box-and-whiskers plot of the data shown:
	17
	13
	18
	11
	21
	17
	14
	18

	19
	15
	15
	26
	19
	18
	14
	14

	13
	20
	18
	16
	15
	19
	17
	13




To do in the GDC:
1.  Enter data into L1
2. 2nd STAT PLOT
3. Choose the 2nd box-and-whiskers graphic.
4. WINDOW
5. Choose x-min and x-max to appropriately display the range of data
6. Y-min = 0 and Ymax = 1
7. GRAPH
8. Use TRACE to find information about the quartiles, median, and extreme data points.

Examples:
[image: ]
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V. THE STANDARD DEVIATION:
The range of data and the IQR are good measures of spread, but we don’t use very many of the data points to calculate those measures.
[image: ]
Squaring the difference between each value and the mean is useful because:
1.  The differences will all be positive (thus they will not cancel each other out).
2. Squaring gives more “weight” to data points that are further away from the mean.
[image: ]
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Thankfully, this is another feature programmed into your GDC.  The GDC uses the notation σx to denote the standard deviation of a set of data and sx to denote an estimate of the standard deviation of a population from a sample.  We will want the value for σx.


Example:
	Grade, xi
	Frequency, fi

	1
	0

	2
	2

	3
	10

	4
	13

	5
	10

	6
	8

	7
	6


Enter the frequency table for IB Math grades into L1 and L2 and use 
1-Var Stats to find the standard deviation.

 _____________

This answer means that the majority of students are within that number of points of the mean.

SUMMARY:
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IB Math SL 							Name ___________________________________________
Unit 3 HW – Day 4
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(Do you use upper class boundaries or mid-class?  Why?)
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Find a the range, b the median, ¢ the lower quartile, d the upper
quartile and e the interquartile range of the data set.
Show the data in a box and whisker plot.

Use the box plot below to find a the range, b the median,
c the lower quartile, d the upper quartile and e the interquartile
range of the data.
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The range and the interquartile range are good measures
of spread but each one is calculated from only two data values.

= The variance combines all the values in a data set to produce
a measure of spread. It is the arithmetic mean of the squared
differences between each value and the mean value.

Squaring the difference between each value and the mean value has
at least three advantages:

1 Squaring makes each term positive so that values above the
mean do not cancel values below the mean.

2 Squaring adds more weighting to the larger differences. In
many cases this extra weighting is appropriate since points
further from the mean may be more significant.

3 The mathematics is relatively manageable when using this
measure in subsequent statistical calculations.
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Because the differences are squared, the unis of variance are
not the same as the units of the data.

The standard deviation is the square root of the variance and
has the same units as the data.

The formulae for the variance and standard deviation are:

S(e-a)

Population variance =
n
[
> (x-u)
= Population standard deviation = \‘\u )

Example 11

You should use a
GDC to calculate the
population standard
deviation and

varian

Thirty farmers were asked how many farm workers they hire during a typical harvest season.

Their responses were
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‘Thirty farmers were asked how many farm workers they hire during a typical harvest season.

Their responses were:
4,5,6,5,3,2,8,0,4,6,7,8,4,5,7,9,8,6,7,5,5,4,2,1,9,3,3,4,6,4

Calculate the mean and standard deviation for this data.

Answer
Solution — ‘by hand" The 1B syllabus covers ‘Caleulation of standard
Workers | Frequency] (1) | (x-p) | (x| F(x—p)?|| deviation/ variance using only technology". This is
) %) how you would calculate the standard deviation for a
1 25 || discrete variable ‘b hand’

16 || 1 Caloulate the mean.

T8 || 2 Subtract the mean from each observation.

T2 || 3 Seuarecach of the results fom step 2.

o o 1| 4 Add these squared resuss rogrher

25 o
24 a
21 12
24 27
18 32
150

5 Divide this total by the mumber of observations
This gives the variance, G,

6 Take the positive square rot to get the standand
deviation, .

To calculate the mean:
150

S

To caleulate the standard deviation
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The standard deviation shows how much variation there is from the
mean and gives an idea of the shape of the distribution.

Low standard deviation shows that the data points tend to be
very close to the mean

High standard deviation indicates that the data is spread out over
a large range of values.

Standard deviation is only used to measure spread or dispersion
around the mean of a data set.

Standard deviation is never negative.

Standard deviation is sensitive to outliers. A single outlier can
increase the standard deviation and in turn, distort the
representation of spread.

For data with approximately the same mean, the greater the
spread, the greater the standard deviation.

If all values of a data set are the same, the standard deviation is
zero because each value is equal to the mean.

The standard deviation
is used widely to
describe data in
business, science,
sports and medicine.
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Investigation - the effect of adding or

multiplying the data set on a standard

deviation

Here is a set of numbers: 4,2,0,9,3,5,5,1,4,6
Calculate the standard deviation of these numbers.
Now add 100 to all the numbers in the series: to get 104, 102,
100, 109, 103, 105, 105, 101, 104, 106.

What happens to the mean?

Calculate the standard deviation of this new set.
Explain what you notice and why this happens.

Now multiply all of the values in the original list by 2 to
get8, 4,0,18,6,10, 10,2, 8, 12,

What happens to the mean?

Calculate the standard deviation.

What will happen to the variance? Why?

Effect of constant changes to the or
If you add/subtract a constant value k to/from all the

numbers in a list, the arithmetic mean increases/decreases by
kbut the standard deviation remains the same.

If you multiply/divide all the numbers in the list by a
constant value k, both the arithmetic mean and the standard
deviation are multiplied/divided by k.

You may be expected
to use these rules
question 3 in the
nonGDC review
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The cumulative frequency plot shows the reach in cm
of 100 boxers.

a Estimate the median reach of a boxer.

b What is the interquartile range?

c© What does the interquartile range tell you?

Cumulatie frequency
2

6 6 710 75 80 8

Reach (om)

The table below shows the length of 40 flash drives in a
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2 Here are Albie’s test scores for the year.
76 79 76 74 75 71 85 82 82 79 81
Find a the range, b the median, ¢ the lower quartile,
d the upper quartile and e the interquartile range of the data set
of scores and show the data in a box and whisker plot.

You can use a GDC to
draw histograms and
box and whisker plots.

Here are the temperatures in °C at a hill resort in Montana taken
every hour for eleven hours.

10,11, 12, 14, 18, 22, 21, 25, 27, 28, 29.

Find a the range, b the median, ¢ the lower quartile, d the upper
quartile and e the interquartile range of the data set.

Show the data in a box and whisker plot.

Use the box plot below to find a the range, b the median,
c the lower quartile, d the upper quartile and e the interquartile
range of the data.

B e s

6 7 8 9 10
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6 A survey was conducted of the number of bedrooms in
208 randomly chosen houses. The results are shown in the table.

Number of bedrooms 1 2 3 4 5 6
Number of houses 41 1 60 52 32 15 8

State whether the data is discrete or continuous.

Write down the mean number of bedrooms per house.
‘Write down the standard deviation of the number of
bedrooms per house.

Find how many houses have a number of bedrooms greater
than one standard deviation above the mean.

7 A random sample of 167 people who own mobile phones was
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EXAM-STHLE QUESTIONS
A random sample of 167 people who own mobile phones was
used to collect data on the amount of time they spent per day
using their phones. The results are displayed in the table.

MATHEMATICS
STANDARD LEVEL

Time spent
per day
(t minutes)

O0<t<15

15 <t <30

30<t<45

45 <t <60

60<t<75

Number of
people

21

32

35

41

27

Use your graphic display calculator to calculate approximate
values of the mean and standard deviation of the time spent per
day on these mobile phones.

The figure below shows the lengths in centimetres of fish found
in the net of a small trawler.
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The figure below shows the lengths in centimetres of fish found
in the net of a small trawler.

40 60 80 100 120
Length (om)
Find the total number of fish in the net.
b Write down an estimate of the mean length.
i Write down an estimate for the standard deviation of the
lengths
ii How many fish (if any) have length greater than three
standard deviations above the mean?

Extension material on
Worksheet 8 - Measures
central tendency ond spi
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