Unit 5
Data Diagnostics

Objectives:
* To identify potential outliers with quantitativetda
* To construct a modified box plot

An initial and often useful step in analyzing gtiative data is to decide if there are any ouslieAn
outlier is an observation whose value is deemed to beraitiusually high or unusually low relative to tiber
observations in the data set. Such observatiogsamse from some anomaly in the data collectiacess, or
from some very unusual characteristic of the distion of the variable, or from an error in recogidata, etc.
Since one or more outliers can potentially havieang effect on the results of data analysis (ive. have
already seen how the mean is sensitive to a fewually large, or unusually small, observations)need to
consider carefully how to identify potential outBeand whether or not a potential outlier shoulddreoved
from the data; it is generally not wise simply émnove an observations from a data set simply becatufgst
glance it looks like it does not belong.

There is no universal method that will be beslirtircumstances for identifying outliers. Exmerce
has suggested the following rough rule of thumly:\adue which is a distance of more than ICK) belowQ,
or aboveQ; is a potential outlier. Rather than throwing saahobservation away, the next step, if possible,
should be an investigation into the reason whyotbservation appears to be unusual. If there wasran, it
might be possible to correct the error. If we fswine other reason for the unusual value, we mejirobome
insight into the distribution of the variable undensideration, and we may or may not find soméfjcetion
for not including the observation in data analysis.

To illustrate, let us imagine that the high tengpere in a city is recorded in degrees Fahrenbeidch
day in March, with the results displayed as thio¥ihg ordered array for the sake of convenience:

-3 27 30 36 40 41 45 45 48 50 51 5152154 55 56 58 59 62 65 68 69 72 B478 79 79 95

From this ordered array, it is easy to obtain thhe-humber summary, which (as you should verify33s 45,
54.5, 69, 95. From the five-number summary, westroict the following box plot:
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Degrees Fahrenheit

It is easy to verify thatQR = 69 — 45 = 24 and 1&)R) = 36. The two extreme observations among the
temperatures afdin = —3 degrees Fahrenheit adx = 95 degrees Fahrenheit. Simdien = —3 is more than a
distance of 1.9QR) = 36 belowQ, = 45, our rule of thumb suggests that the tempezaif —3 is a potential
outlier. Since 27 is not more than a distance.5i QR) = 36 belowQ; = 45, our rule of thumb suggests that
the temperature of 27 is not a potential outliglso, sinceMax = 95 is not more than a distance of
1.5(1QR) = 36 above); = 69, our rule of thumb suggests that the tempegaif 95 is not a potential outlier.
Consequently, the temperature of —3 degrees Faditéslthe only potential outlier.

If we have verified that the temperature of —Basan error in recording data, we may still decile
exclude this temperature from future data analyithere were some special, rare circumstancasgive rise
to the unusually low temperature, we may need $essshow this unusually low value will affect our
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conclusions. Since no strict rule for removingolservation from a data set exists, ultimately, opuglgment
plays an important role in this decision, which@dlddoe made only after careful consideration.

We can indicate when data contain potential agtley modifying the box plot of the data. Inste&d
extending the lines from the box all the way totiaimum and all the way to the maximum, we staplihes
at the largest and smallest values which are netntial outliers; all potential outliers are thessifjnated with
dots. A box plot constructed in this way is calsadodified box plot. If we were to construct a modified box
plot of the high temperatures in the city recorftgceach day in March, the lower line would extemtdy down
to 27 degrees Fahrenheit instead of all the wayndiow-3 degrees Fahrenheit, a dot would be usdddignate
—3 as a potential outlier. The modified box plaiwd look as follows:
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Self-Test Problem 5-1. Figure 2-8 displays a box plot of orange weidbtseach of five types of oranges.
Consider the Type B oranges and the Type C oranges.
(&) From the box plot for type B oranges, obthae five-number summary, and explain why thetssibe
at least two potential outliers.
(b) From the box plot for type C oranges, obthe five-number summary, and explain why thetssinbe
no potential outliers.

Sef-Test Problem 5-2. Figure 5-1 is a stem-and-leaf display of the kirgastrength in pounds for several
pieces of a type of rope.

(&) Obtain the five-number summary and therguartile range.

(b) Identify all potential outliers.

(c) Construct a modified box plot.

Figure 5-1
Stem-and-Leaf Display for
Rope Breaking Strengths
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Answersto Self-Test Problems

51 (a) The five-number summary is 3.2, 5.4, 6.0, 8.8, IQR = 6.6 — 5.4 = 1.2. Sinb&in = 3.2 is more
than a distance of 1LI)R) = 1.8 belowQ; = 5.4, andMax = 8.8 is more than a distance of
1.5(QR) = 1.8 above&); = 6.6, the rule of thumb suggests that each 0&8d28.8 is a potential outlier.
(b) The five-number summary is 4.6, 5.3, 6.0, 8.8;1QR=7.4-5.3 =2.1. Sinddin = 4.6 is not
more than a distance of 1LQR) = 3.15 belowQ; = 5.3, andMax = 8.8 is not more than a distance of
1.5(QR) = 3.15 abové&); = 7.4, the rule of thumb suggests that neithentimum nor the maximum
is a potential outlier; consequently, no other obestgon can possibly be an outlier.

52 (a) The five-number summary is 60, 93, 103.5, 128;IQR = 113 — 93 = 20. (b) Since 60 and 62 are
each more than a distance of 1@&R) = 30 belowQ; = 93, each of 60 and 62 is a potential outlier.
Since 128 is not more than a distance oflQB} = 30 above); = 113, there are no other potential
outliers. (c) The modified box plot should be domsted with a box ranging from 93 to 113 with the
line dividing the box at 103.5; the lines from eadeng from the box should stop at 75 and 128, ad d
should be placed above 60 and 62.

Summary

An initial and often useful step in analyzing dietéo decide if there are any outliers. éutlier is an
observation whose value is deemed to be eithematiyshigh or unusually low relative to the other
observations in the data set. Experience has stegiythat any value which is a distance of more th&(QR)
belowQ; or aboveQs is a potential outlier; however, there is no ursed method for identifying outliers that
will be best in all circumstances. Once we havied that an outlier did not result from an ermorecording
data, we may then try to see what information thiemtial outlier provides about the distributiortioé variable
under consideration, and we must decide whetheotthere is any justification for not includingetbotential
outlier in data analysis.

A modified box plot can be used to display outliers. Instead of ekitenthe lines from the box all the
way to the minimum and all the way to the maximwra,stop the lines at the largest and smallest gaMech
are not potential outliers; all potential outliare then designated with dots.
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