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Location



Two Measures of Location – Median

1. Median

1.1 In general, the median is the value of the middle item when all the

items of the batch are arranged in order.

1.2 For a batch size n, the position of the middle value is 1/2(n + 1).

1.3 When n is an even number, the middle position is not a whole

number and the median is the average of the two numbers either

side of it.

Example – Find Median

2. First, order the ten data points (we have n = 10) from the smallest

to the largest value (see the slide 8). The median for this exercise is

in the middle between the fifth and the sixth data point (in an

ordered sequence of data) since 1/2(10 + 1) = 5.5. We take

arithmetic average of the fifth and sixth data point: 70+72
2 = 72.

The median is 72.
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Two Measures of Location – Mean

1. (Arithmetic) Mean

1.1 The arithmetic mean is the sum of all the values in the batch divided

by the size of the batch:

mean =
sum

size
or x̄ =

∑
x

n
(1)

where x stands for different values of the data, n is the number of

data we have collected, and x̄ is the mean.

Arithmetic Mean – Example

2. The mean for this exercise is:

arithmetic mean =
4 + 8 + 4 + 2 + 9

5
=

27

5
= 5.4 (2)
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Mean vs. Median

1. If the extreme values in the batch are made smaller or larger, this

will have no effect on the value of the median – the median is

resistant to outliers.

2. Measure which is insensitive to changes in the values near the

extremes is called a resistant measure.

3. The median is a resistant measure whereas the mean is sensitive.

3.1 Caveat: median changes if the values shift from one half to another,

so what the middle value(s) is (are) changes.
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Weighted Mean

1. The weighted mean of n numbers x1 . . . , xn with the corresponding

weights w1, . . . ,wn is

weighted mean =
x1w1 + · · · + xnwn

w1 + · · · + wn
(3)

Weighted (Arithmetic) Mean – Example

2. The weighted mean for this exercise is:

weighted mean =
81.6 × 5 + 74.0 × 8

5 + 8
=

1000

13
≈ 76.92 (4)

You can see that the weights push the weighted mean closer to 74.0

than 81.6.
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Rules of Weighted Mean

Weighted (Arithmetic) Mean – Example

1. What matters for the stable weighted arithmetic mean is the ratio,

not the absolute values. It does not matter whether we talk about 5

kg and 8kg, 5 tuns or 8 tuns. We can also scale the values (e.g.

multiply them by 2) to get 10 kg and 16 kg.

2. The weighted mean of two numbers always lies between the

numbers and it is nearer the number that has the larger weight.

3. If the weights are equal, then the weighted mean of two numbers is

the number halfway between them.
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Measuring Spread



Range

1. Averages or Medians are informative to a certain degree, but we are

just compressing data to a single number which might lose a lot of

information.

2. The Range – The range is the distance between the lower and the

upper extremes. It can be calculated from the formula:

range = EU − EL (5)

where EU is the upper extreme and EL is the lower extreme.

3. However, the range tells us very little about how the values in the

main body of the data are spread. It is also very sensitive to changes

in the extreme values. You ignore all the values except the extreme

ones.
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Quartiles and the interquartile range

1. The lower quartile separates off the bottom quarter, or lowest 25%.

It is denoted Q1 and it is at position (n+1)
4 .

2. The upper quartile separates off the top quarter, or highest 25%. It

is denoted Q3 and it is at position 3(n+1)
4 .

3. What about Q2?

3.1 Since Q1 separates the bottom quarter of the data (from the top

three quarters), and Q3 separates the bottom three quarters (from

the top quarter). So it would make sense to say that Q2 separates

the bottom two quarters (from the top two quarters). But two

quarters make a half, so Q2 would denote the median.
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Quartiles and the interquartile range

Quartiles

1. Q1 = 1
4 (n + 1) = 2 3

4 (the lower quartile is the number three quarters

of the way from the second number to the third number). The

second values is 60 and the third one 65. We have 65 − 60 = 5 and

we take 3
45 = 3.75. Therefore Q1 is 3.75 larger than 60, so it is

63.75.

2. Q3 = 3
4 (n + 1) = 8 1

4 (the upper quartile is the number one quarter

of the way from the eight number to the ninth number). The second

values is 81 and the third one 85. We have 85 − 81 = 4 and we take
1
44 = 1. Therefore Q3 is 1 larger than 81, so it is 82.
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The Interquartile Range

1. The interquartile range (sometimes abbreviated to IQR) is the

distance between the lower and upper quartiles:

IQR = Q3 − Q1. (6)

2. We said that, as a measure of spread, the range (EU − EL) is not

very satisfactory because it is not resistant to the Resistant measures

were effects of unrepresentative extreme values.

3. The interquartile range, in contrast, is a highly resistant measure

of spread (because it is not sensitive to the effects of values lying

outside the middle 50% of the batch) and it is generally the

preferred choice.
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Boxplot

Boxplot

1. The central feature of this diagram is a box – hence the name box

plot. The box extends from the lower quartile (at the left-hand edge

of the box) to the upper quartile (the right-hand edge).

2. This part of the diagram contains 50% of the values in the batch.

The length of this box is thus the interquartile range.

3. Outside the box are two whiskers. Each whisker then covers the end

25% of the batch and the distance between the two whisker-ends is

then the range.
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