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Outliers — identification
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Outline

» Definition and relevance

> Outlier identification

» Outlier treatment techniques

European
Commission |

5 JRC-COIN © | Step 3: Outliers



Outliers — what are they?

h “An outlier is an
m g | ® observed value that is
8. . so extreme (either
1= o) .
= S large or small) that it
g 3 seems to stand apart
£51 © from the rest of the
E ’ S1 . distribution”

- . . * (Knoke & Mee, 2002)
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Outliers — why do we care about?

Outliers may spoil descriptive statistics (means, standard deviations, correlations ...) and cause misinterpretations
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Outliers — identification

Graphical/visual inspection

o Simply have a look at the data!

Statistical rules(-of-thumb) based on
1) z-scores
2) Interquartile range

3) Skewness and Kurtosis
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3000

Outliers — identification

o Look at the data!
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Raw data
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Outliers — identification

O Z-SCOlres

Standardisation:

 put different variables on the same scale

. : Xi—U
- change original values into standard scores: z; = =
o

231<#1. A case x; is an outlier if:
|z;| = 2.5 for N < 80
|zi|l =3 for N > 80

Aggarwal (2015)
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Outliers — identification
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Outliers — identification

Quartiles: the 3 special points dividing a distribution into 4 intervals with proportion 0.25

The second quartile (Q,) is the median

Interquartile range (IQR) = Q; — Q,
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Outliers — identification

olnte rqua rtile ran ge ( I Q R) Example with a Normal distribution N(0,62)

IQR
L
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Xi < Ql — 15 X IQR R e 2 —Iloﬁ 0o 1o 20 30 4o
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Outliers — identification

oSkewness and Kurtosis

Skewness: measure of the asymmetry of a distribution / \ I;"' \
(= 0 in the Normal distribution) - \, I/ .

Megative Skew Positive Skew

{+) Leptokurtic General
Forms of (+) higher peak
{0} Mesokurtic Kurtosis around the mean

{Normal) i
and fatter tails

Kurtosis: measure of the thickness of the tails of a distribution
(= 3 in the Normal distribution)

(-} Platykurtic
(-) fatter around
the mean and
thinner tails
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Outliers — identification

oSkewness and Kurtosis

\

:#3. A probability distribution contains one or more outliers if:
(4

variable min p10 p25 mean p50 p75 p90 max sd cv  skewness kurtosis N
Var_1 212 234 261 326 299 3,66 4,76 5,89 0,92 0,28 1,17 3,63 133
Var 2 1,91 2,79 3,16 3,90 3,68 4,43 5,40 6,19 0,97 0,25 0,52 2,54 133

|skewness| > 2 -
Var_3 2,09 247 265 3,28 3,01 3,62 4,67 6,02 0,90 0,27 1,28 4,07 133
and Var_4 2,20 257 3,04 362 341 4,06 4,94 5,90 0,86 0,24 0,71 2,84 133
. Var 5 229 284 320 364 357 4,05 4,39 5,50 0,61 0,17 0,25 2,80 133

kurtosis > 3.5 -
Var_6 2,70 3,10 3,53 4,14 4,16 4,68 5,18 6,01 0,77 0,19 0,17 2,34 133
Var_7 0,00 0,00 000 1855 040 324 71,09 200,00 4435 2,39133
Var_8 1,70 2,46 2,81 3,76 3,54 4,61 5,66 6,21 1,17 0,31 0,53 2,21 133

Groeneveld and Meeden (1984)

Yet, even if skewness low ...
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Outliers — identification

oSkewness and Kurtosis

Figure 2.
Malta’s outlier performance in FDI net outflows
Note well
® " if SkeWneSS IOW, and 4 FDI net outflows, % GDP = Luxembourg @
® Countries/economi ies “ and i
» kurtosis very high (e.g. > 10) L4
» check for the presence of L e
outliers on both sides of the
distribution (as symmetrical
outliers reduce skewness) “ o
 Example: Malta in Global
Innovation Index 2018 Sources Exopeen Commission, Joi Research G, 2018
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Outliers — identification

How many outliers does a g3\3 identify?

(=) ===mmm- Skewness & Kurtosis -------- Z-scores -------- IQR -------- (+)

(less invasive) (more invasive)

European
Commission |

17 JRC-COIN © | Step 3: Outliers



Outliers — JRC suggested strategy

» JRC suggested outlier identification method

o Skewness & Kurtosis

-> identifies less outliers, change original data as less as possible
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Outliers — treatment

To treat or not to treat ....

Methods for outliers’ treatment
o Winsorisation
o Trimming

o Box-Cox transformation
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Outliers — treatment

Cautions:

* treatment alters original data, check implications on key statistics (mean, std. dev., corr.)

* treat only if really not avoidable

(example: with normalisation based on rankings — see Step 4 — no need to treat outliers)

« avoid as much as possible ‘tailor-made’ transformations (different for each indicator)
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Outliers — treatment

v'Winsorisation: modify outliers’ values so to make them closer to other cases’
values

v Trimming: exclude the outliers and treat them as missing values

v Transformations: change the values of all data-points, not only outliers

(typical case log-transformation)
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Outliers — treatment

An example from the Global Innovation Index 2017 (2.2.3 Tertiary inbound mobility)
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Outliers — treatment

Winsorisation: outliers’ values are assigned the next highest(/lowest) value (up to when the
indicator’s distribution satisfies the desired rule-of-thumb for identification)
Trimming: exclude the outliers and treat them as missing values

No outlier treatment Country Raw data Winsorized | Trimmed Winsorized
(minmax normalized data) (minmax normalized data)
1.0 —— 1 -
09 4 CHE 17.1 17.1 17.1 ¥
' * SWE 5.9 5.9 5.9 %
08 i - - . 08 1 .
NLD 7.2 7.2 7.2 ' .
0.7 - about 40% of 07 L& data-points
h le i USA 4.6 4.6 4.6 : *
06— E e Sca"e LS GBR 18.2 18.2 18.2 06 - spread
05 - empty DNK 9.9 9.9 9.9 05 I homogeneously
04 1 5GP 19.2 19.2 19.2 04 A across the scale
03 | FIN 7.7 7.7 7.7 03 -
DEU 7.7 7.7 7.7
0.2 - 0.2
IRL 7.0 7.0 7.0 '
01 1 KOR 17 17 1.7 01 -
00 - ISL 6.5 6.5 6.5 0 -
LUX 40.6 19.2
JPN 3.4 3.4 3.4 European
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Outliers — treatment

Log-transformation: changes all data and “compacts” them

Winsorized

{minmax normalized data)
No outlier treatment

(minmax normalized data) 2.0 1 —‘_
10 —— s . o . 0.9 5 —
0.9 'f “ PO .“ 0.8 -
1.0
08 |— 4 i 0.7 1 data-points
07 about 40% of < 05
: _ 2 0.6 - spread
06— X | the scale is 5 00 -
"ompty" Z 0.5 - homogeneously
% pry £ 05 0.4 - across the scale
0.4 - &
=10 0.3 -
0.3 A
0.2 -1.5 0.2 + ‘
0.1 1 2.0 0.1 —
00 | 0 10 20 30 40 50 0l e
Raw data
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Outliers — treatment

Check out the consequences of the treatment!

Raw data Winsorised Trimmed trans!-f(()ﬁme d
Mean 5.8 5.1 4.7 0.4
Sigma (sd) 7.8 5.4 4.9 0.6
Skewness 3.1 1.4 1.5 -0.6
Kurtosis 11.6 1.0 1.5 0.1
Corr(2.2.3, 2.2.1) 0.09 0.20 0.27 0.28

Tertiary  Tertiary
inbound  enralment
mobility
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Outliers — JRC suggested strategy

> JRC suggested outlier identification method

o Skewness & Kurtosis

-> identifies less outliers, change original data as less as possible

» JRC suggested outlier treatment methods

o Winsorisation, with less than 5 outliers

-> change outliers only

o Log-transformation, with 5 or more outliers

-> change all observations
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Outliers — Key lessons

» Do always identify outliers

» The method based on simultaneous ‘anomalous’ values of Skewness and Kurtosis is
the method for outlier identification that identifies the lowest number of outliers (less
‘invasive’)

»  Think carefully if and how to treat the identified outliers

» When treating outliers, avoid as much as possible tailored-made treatment of different
indicators

> Always assess the consequences of the treatment on the distribution of the treated
indicator, as well as on its correlation with other indicators
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Outliers —suggested reading

Suggested readings
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THANK YOU

Any questions? Inclgatord and coretoards |

Welcome to email us at: jrc-coin@ec.europa.eu

COIN in the EU Science Hub
https://ec.europa.eu/jrc/en/coin

COIN tools are available at:
https://composite-indicators.jrc.ec.europa.eu/

European
Commission




