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Measures of Spread

Lesson objectives

- | can describe the variability in a sample or population using
measures of spread

- | can calculate the range

- | understand how to use quartiles and percentiles to
analyse data
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Definitions

Percentile

» The percent of all the data that are less than or equal to a
specific value

Quartiles

» Three points that divide the data set into four equal groups

» The first quartile (Q1) is the middle number between the
smallest number and the median; it is also the 25" percentile

* The second quartile (Q2) is the median of the data set; it is
also called the 50" percentile

* The third quartile (Q3) is the middle number between the
median and the largest number in a data set; it is also the
75" percentile

Range

» The difference between the highest value and the lowest
value of a data set

» Range = highest value - lowest value
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Interquartile Range (IQR)
» The difference between the first and third quartiles
« IQR=Q3-Q1

To help analyse the spread of data, you may need to identify the percentile
rank or calculate percentiles.

Percentile Rank
R=ts(n+1)

where p is the percentile, n is the size of the population, and R is the
whole number rank of the data point. If R is not a whole number, round
R down.

Percentile

(L +0.5E)
p=100-=F2=2E)

where p is the percentile, L is the number of data less than the data point,
E is the number of data equal to the data point, and = is the size of the

population.
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Your Turn
The mean playing times per game for the 22 hockey players on a team

are given. FirSt, Order the data

16.4,18.3,21.7,18.5,9.2, 17.9, 12.0, 15.2, 23.4, 20.5, 16.7, 13.4, 8.3, 17.9,
22.6,18.1,21.7, 14.6, 13.8, 24.3, 12.4, 17.4

a) Determ?nethe40thanc.195thpercentiles. 83, 92, 120, 124, 134, 138, 146, 152
ke e (48 4, 16.7)17.4, 17.9, 17.9, 18.1, 18.3,

D 217 s 185, 20.5, 21.7, 21.7, 22.6
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Your Turn
The mean playing times per game for the 22 hockey players on a team

are given, First, order the data

16.4,18.3, 21.7,18.5,9.2, 17.9, 12.0, 15.2, 23.4, 20.5, 16.7, 13.4, 8.3, 17.9,
22.6,18.1,21.7,14.6,13.8,24.3,12.4,17.4
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To better understand the variab
of measures of spread. You can

To construct a box and whisker

e Draw a rectangle whose ends
quartiles.

“middle half” of the data.

Lower
Extreme

demonstrate the spread of a distribution along a number line.

e Draw the median within the rectangle.

e Add “whiskers,” which are horizontal line segments connecting the box to
the extremes of the data, covering the entire range.

Each of the four zones illustrated by a box and whisker plot contains 25% of
the data. The difference between the first and the third quartiles is known
as the interquartile range (IQR). The interquartile range represents the
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Fxample 2
Interquartile Range and Box and Whisker Plots

The table lists the heights of the 20 girls who signed up to try out for
their school basketball team.
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Your Turn
A summer camp activity in
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Compare the spreads of birth masses for boys and girls.
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Interpreting Quartiles -
The box and whisker plots illustrate the spread of Canadian full-term male MEdlan 3 5 3 4
and female baby masses, in kilograms, at birth. Range 46 _ 21 - 25 44 _ 22 - 22
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Your Turn Boys (cm) Girls (cm)
The box and whisker plots illustrate the spread of Canadian full-term male| Median 50 49.5

and female baby lengths, in centimetres, at birth. Compare the spreads of Range 555-44=11.5 555-445=11
birth lengths for boys and girls. Ql 485 4775

Q3 52 51
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Key Concepts

@ A measure of spread helps you understand how closely a set of data is clustered around
its centre.

e The range is the difference between the maximum value and minimum value.
e A percentile is the percent of all the data that are less than or equal to the specific data point.

e Quartiles divide the data set into four equal parts. Q1 is the 25th percentile, Q2 is the
median (or 50th) percentile, and Q3 is the 75th percentile.

e The interquartile range (IQR) is the distance between the first and third quartiles.
To calculate, subtract the value for Q1 from the value for Q3. The interquartile range
contains the middle 50% of the data.

e A box and whisker plot uses a rectangle to visually demonstrate the spread of the distribution
along a number line by displaying the median, quartiles, and upper and lower extremes.

e An outlier exists if it is less than Q1 — 1.5 x IQR or greater than Q3 + 1.5 x IQR.
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R1. Consider the information in the table regarding two data sets. Compare their

spreads.
Data Set 1 Data Set 2
Median 56.3 57.1
Min 32.1 24.2
Max 65.9 71.1
Q1 43.2 345
Q3 60.2 63.2

The median for data set 1 is 0.8 less than for data set 2.
The IQR for data set 1 is 17 and the IQR for data set 2 is 28.7.

We can see that the data is more spread out for data set 2
than it is for data set 1 as it has a larger range and IQR.

Range, = 65.9 - 32.1 = 33.8
Range, =71.1-24.2=46.9
IQR, =60.2-43.2=17.0
IQR, = 63.2 - 34.5 = 28.7

of data?

centre.

R2. What problems can occur if the range is used to measure the spread of a set

The range only gives information about the extreme
values, not how closely the data is clustered around its

R3. What information does the interquartile range provide?

The interquartile range contains the middle 50% of the
data. The smaller this value, the more closely the data is
clustered around the centre.
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