


P Michele Filannino

things we learned so far

design of an experiment
variables, subjects, objects, factors, treatments, tests

statement of purpose
hypothesis formulation (null and alternative)
3 experimental design principles
standard design types

validation threats
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Experiment
idea
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v Experiment process
Experiment
scoping

Experiment
planning

B Experiment

operation

B Analysis &
interpretation
T Presentation

& package

Experiment
report

Source: Experimentation in Software Engineering, Springer, 2012 MANCHE;S?EER

The University of Manchester
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guantitative interpretation

descriptive statistics
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get a feeling of how the

data are distributed
reducing the data set

systematic errors vs. outliers

hypothesis testing

aka “can we reject Ho?”
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scale types

Nominal: maps the attribute to a name or symbol
examples: eye colour, religion, sex
Ordinal: ranks entities after an ordering criterion

examples: grades, level of agreement, rank

Interval. possesses equal intervals

examples: temperature In Celsius and Fahrenheit

Ratio: has an absolute zero, the ratio 1s meaningful

examples: length, temperature in Kelvin, iIncome

Source: http://psychology.ucdavis.edu/sommerb/sommerdemo/scaling/levels.htm MANCH%S{;ER

The University of Manchester
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time of day: example
Nominal [T oo

categories; no additional information

Ol'd | nal Night Dawn Noon Afternoon Evening

Indicates order of occurrence; spacing Is uneven

Interval 121 2 3 4 56 7 8 91011121 2 : 7 8 9 1011 12
equal intervals; analog (12-hr.) clock

Ratio 012345678910 1112 13 14 15 16 17 18 19 20 21 22 23 24

24-hr. time has an absolute O (midnight)

Source: http://psychology.ucdavis.edu/sommerb/sommerdemo/scaling/levels.htm MANCHE%S?IEP\

The University of Manchester
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measures of central tendency

the “middle” of the data set
estimation of the expectation of the stochastic

variable from which data points are sampled.
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tendency: mean

given X = {X1, X2, ... Xn}

n
_ 1
x=—E Xi
n
=1

Example. X = {18, 3, 6, 4, 8, 9}
X =48/6 = 8
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tendency: median

given a X = {X1, X2, ... Xn}
o iz n— odd number
‘ul/Z T Xij/2-1t+Xj; n— even number
2

Example. X = {18, 3, 6, 4, 8, 9}
Xsorted = {3, 4, o, 8, O, 18}
median = (6+8)/2 =7

Michele Filannino
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tendency: percentile

Xp denotes the percentile where p% of the

samples lies below this value.

Example. X = {18,100, 3,1, 11, 45, 6, 4, 8, 9}
Xsorted = {1, 3, 4, 6, 8, 9, 11,18, 45, 100}
Xosy = 6; Xsox = 9; X75% = 45; Xogxn = 100
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tendency: mode

the most commonly occurring sample

Example. X = {18, 100, 3,1, 1, 45, 6, 4, 8, 9}
mode =1
Example. X = {18,100, 3,1, 1, 4, 6, 4, 8, 9}

mode = ?

Michele Filannino
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tendency: geometric mean

given X = {X1, X2, ... Xn}

n
n l_lxi
\ i=1

Example. X = {18, 3, 6, 4, 8, 9}
X = nproot(93312, 6) = 6.734772289856237

Note: All the samples must be non-negative MANCH%SEER

The University of Manchester
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tendency measures Vvs. scales

geometric
mean

o -----
e -----
e -----

e -----

mode median percentile mean

The University of Manchester
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measures of dispersion

level of variation from the central tendency

how spread or concentrated the data Is

Michele Filannino
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dispersion: variance

given X = {X1, X2, ... Xn}

- _
S2 — _n 7 z;(xi —X)2
1=

Example. X = {18, 3, 6, 4, 8, 9}
x =48/6 = 8
s2 =102+ 52+ 22+ 42 + 02 + 14]/5 = 24.333333...

MANCHESTER
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dispersion: standard deviation

given X = {X1, X2, ... Xn}

5§ = n%l Z(x,— — ¥)2
\ =1
Example. X = {18, 3, 6, 4, 8, 9}
X =48/6 = 8
s = sgrt{[102 + 52 + 22 + 42 + 02 + 12]/5} = 4.9328...
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dispersion: range

given X = {X1, X2, ... Xn}
range = max(X) - min(X)

Example. X = {18, 3, 6, 4, 8, 9}
range =18 -3 =15

Michele Filannino
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dispersion: variation interval

given X = {X1, X2, ... Xn}
var. interval = (min(X), max(X))

Example. X = {18, 3, 6, 4, 8, 9}

var. interval = (3, 18)

Note: minimum and maximum are included MANCH%SEER

The University of Manchester
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dispersion: coeft. of variation

given X = {X1, X2, ... Xn}

coeff. of variation = 1ooi
X

Example. X = {18, 3, 6, 4, 8, 9}
s = 4.9328
x=8
coeff. of variation = 100*4.9328/8 = 61.66%
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dispersion: freqguency

Michele Filannino

value frequenc FREIINE
. y frequency
il 3 0.23
. 2 2 0.15
given X = {X1, X2, ... Xn}
3 il 0.08
f(xi) = frequency of Xx; A 3 693
. il 0.08
f(xi)/n = relative fregq. >
§) 2 0.15
/ il 0.08
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meas. Of dispersion VS. scales

variation ) standard coefficient
frequency variance range ..
of variation

interval deviation
— [
-~
interval -

ratio
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measures of dependency

Indicate how “dependent” X and Y are
X and Y being 2 stochastic variables

samples in pairs (Xi, Yi)
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dependency:. comm. formulae

n

S. = (x, ~x)?
=1

Syy = Z(yi _5)2
i=1

n — - n 1 n n
Sy =2 (% = x)(y; - y) = (Z(x,- =) j——(Zx,Zy,.)
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dependency: linear regression

13

given X = {X1, X2, ... Xn}

11

10

and Y ={y1, VY2, ... Yn} .

Tricks

If we suspect thaty =

12

f(x), where f(x) Is linear |-
y=o+Bx, L
where @ =y-fx and B =—2

Sxx
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dependency: transtformation

If we suspect that f(x) is not linear, we can apply a

transformation to the data and than use linear regression.

Exponential relation? > logarithmic transformation

Metabolic Rate
(02 per hr)
()
=
3

20000 -

0

Size vs. Metabolic Rate
Mammals

100000 200000 300000 400000

Body weight (g)

Log

Trans-
form

log (Metabolic Rate)
- ) (8] 18

Size vs. Metabolic Rate
Mammals

b0

o

a

o

o iR, BC
vzv",‘_v-

log (Body weight)

MANCHESTER
1824

The University of Manchester



26 Michele Filannino

dependency: covariance

given X = {X1, X2, ... Xn} and Y = {y1, Y2, ... Yn}

c =—2 e(-oo, +oo)

Example. X = {21, 2.5, 4.0, 3.6}, Y = {8, 12, 14, 10}
Cxy = 1.53

positively related
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depend.: Pearson corr. coeft.

given X = {X1, X2, ... Xn} and Y = {y1, Y2, ... Yn}

S
r=——" = > e [-1, 1]
.S, S.S

XX Yy

Example. X = {2.1,2.5, 4.0, 3.6}, Y = {8, 12, 14, 10}
Cxy = 0.66

positively related

Note: It spots linear correlations only MANCH%S?EER

The University of Manchester



Pearson’'s known limitations

1 0.8 0 -1
1 1 1 -1 -1 -1
/I,,. * /'.. . . 5 .. ‘o,
- L R —— N
‘ - . . ~. “~
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depend.: Spearman corr. coeft.

given X = {X1, X2, ... Xn} and Y = {y1, Y2, ... Yn}

N or

Example.

IQs = {106, 86, 100, 101, 99, 103, 97, 113},

hs of TV per week = {7, 0, 27, 50, 28, 29, 20, 12}
p = 011905

Note: It spots linear correlations only MANCH%SEER

The University of Manchester
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meas. Of dependency VsS. scales

linear linear reg. with
regression  transformation

rome -----
e --

ratio

Spearman covariance Pearson

ordinal
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