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ProC aplikujeme statistické postupy???

Poskytuji védecky zaklad
o objektivni sumarizace vysledki!!!

o vytvareni predikéniho pravidla — odhad neznamych vilastnosti na zakladé znamych
vlastnosti

o kombinace odlisSnych biologickych vlastnosti do jednotného metodického postupu

o zjisStovani chyby odhadu/urceni
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Popisna (deskriptivni) statistika

o zdakladni informace o vlastnostech studovaného souboru a vztazich riznych soubort a

dat
Height ° Height ®
o kontrola splnéni predpokladu statistickych testu Ooooo °0%0

prumer 5 ° °5 o
rozptyl histogram Width Wi
median frekvenéni tabulka L
modus korelace proménnych
SD kontingenéni tabulka 4

smeérodatna chyba
koeficient variance
normalita rozlozeni

34.13%| 34.13%

Raw score — 70 80 90 100 110 120 130

Standard — -3 -2 -1 0 1 2 3
aeviations



jednorozmeérné metody vicerozmeérné metody

linearni regrese diskriminaéni analyza kanonicka analyza

jednorozmérna
vicenasobna

vicerozmeérna

vicenasobna vicerozmérna

ODHAD TELESNYCH

PROPORCI KLASIFIKACE DO JEDNE ZE KLASIFIKACE DO JEDNE Z

. DVOU SKUPIN VICE SKUPIN
ODHAD VEKU JEDINCE

. ) KLASIFIKACE DO JEDNE Z JAKEKOLIV ZARAZEN{ DO
DALS{ KVANTITATIVNI VICE SKUPIN TYPU

ODHADY



Jednorozmeérna linearni regrese

jedna vstupni proménna
nezavisla = predikujici = znama

» jedna vystupni proménna (numericka vlastnost)
zavisla = predikovana = neznama

Humerus Length vs. Height
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Jednorozmeérna linearni regrese

REGRESE neni KORELACE
vyjadruje, jak lze z nezavislé proménné vyjadruje vztah
odhadnout zavislou proménnou mezi dvéma rovnocennymi promennymi
regrese vyjadruje vliv zmény hodnoty vypovida o tom, do jaké miry se dvé
znameé promeénné na hodnotu neznameé promeénné meni spolecnée

promeénné



Jednorozmeérna linearni regrese

jedna vstupni proménna
nezavisla = predikujici = znama

» jedna vystupni proménna (numericka vlastnost)
zavisla = predikovana = neznama

Linear Mo linear relationship

Predpoklady
o vztah je linearni
o data ziskana nezavisle na sobé

Predpoklady vystupu

Predpovézend hodnoty vs rezidus Pleapovézens hodnoty vs. rezicus

o stredni hodnota chybové slozky je O

8
8

o chybova slozka ma konstantni rozptyl

0 0
«
g i
«

o jednotlivé slozky chybového vektoru jsou
nekorelované )

o rezidudlni slozka ma normalni rozdéleni W m m m & w w m w m n e w % s w



Jednorozmeérna linearni regrese

jedna vstupni proménna jedna vystupni proménna (numericka vlastnost)
nezavisla = predikujici = znama zavisla = predikovana = neznama

rizné metody vyjadreni chyby y = axb + (+E)

(jak prolozit body prfimku?)

/ \

metoda nejmensich

Etverc euklidovska .
/ \ vzdalenost
pouzey-- X iy (RMA)
proménné

X

(RMA — reduced major axis)



Jednorozmeérna linearni regrese

Vystupy y=ax+b (+E)

predikcni pravidlo = linearni rovnice
o hodnota zavislé proménné (y)

o koeficient zavislosti (a)

o polozeni v prostoru (b)

interval spolehlivosti = konfidencni
interval

standardni chyba odhadu

% Fordisc 3.0.279 mE x|
File Internet Help
= e 0l & | JAnaiysis Hoader PC | Process |
FDB | Howells Postcranial |Ru|.|lt|] Options |
Pred Int{Measurement |Valugl|Est Stature| lower 0% | upper 90% | M [Slope |Intcpt |R Square | Lopy hums|
81 |Fewnxin [CX TR s 8 0257 5407 0594 CopyText

CBF C BM - WM
CWE C HM O Any

v Metric Units

" 19th C CStats
" Trotter MStats
(+ 20th C FStats

Prediction % (90 ~/

[estmae |

Predicted Stature (cm) for with 30% prediction interval using 20th C FSta_ Save |\ Copy | Print |

1904
1804

704 -

1604 -

FEMXLN

i 1 Estimated Stature = 0.257 (FEMXLN(350 mm)) + 54.07 em = 169.7 em +/- 8.1 (90% range from 161.7 to 177.8 em)

'odhad vyéky postavy = délka femuru * S.E.




Vicenasobna linearni regrese

vice vstupnich proménnych jedna vystupni proménna (numericka vlastnost)
nezavisla = predikujici = znama zavisla = predikovana = neznama

+ y = ax + bx + ¢ (+E)
o vstupni promeénné by nemély korelovat

Vicerozmerna linearni regrese

jedna vstupni proménna dveé a vice vystupnich proménnych (numericka
nezavisla = predikujici = zndma3 » vlastnost)
zavisla = predikovana = neznama



Diskriminacni analyza

minimalne dve nezavislé » predikéni model pro odligeni
promenne mezi dvéma skupinami

Variabilita proménnych je zpracovana s ohledem na predem dané (a priori
zname) rozdéleni do skupin.

(@) (b)

> e —amE——
puvodni proménné * diskriminacni skore



Diskriminacni analyza

predikcni model pro odliseni
mezi dvéma skupinami

minimalné dveé nezavislé »
promeénné

ik Linear Discriminant Analysis 4?uadratic Discriminant Analysis

O zalozeno na linearnim modelu. eee versicolor eee versicolor
e®e Vvirginica e®e Vvirginica
40 F 40}
o diskriminacni skére — linearni oo oo
. o ’ v V4 o ©
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Diskriminacni analyza

Vystupy:

®)
©)
O

o O O O

predikéni pravidlo

diskriminacni skore pro kazdy pripad
nestandardizované koeficienty pro kazdou
promeénnou (pouzity v diskriminacni rovnici)
standardizované koeficienty (vyjadruji podil dané
veli¢iny na diskriminaénim skoére)

spolehlivost pravidla

Mahalanobisova vzdalenost

aposteriorni pravdépodobnost

spolehlivost klasifikace

White-Indian:

3.05(Basion-prosthion) — 1.04(Glabello-occipital length)
— oAl (Mazimuwm width) + 4.29(Basion-bregma height)
— 4.02(Basion-nasion) -+ 5.62(Maximum diameter Dbi-
zygomatic) — 1.00(Prosthion-nasion height) — 2.19
(Nasal breadth).

umoznuje priradit neznamému
objektu regresni skore a na zakladé
jeho hodnoty jej zaradit do skupiny



Diskriminacni analyza

Vystupy:

O
O
O

O O O O

predikcni pravidlo

diskriminacni skore pro kazdy pripad
nestandardizované koeficienty pro kazdou
proménnou (pouzity v diskriminacni rovnici)
standardizované koeficienty (vyjadruji podil dané
veli¢iny na diskriminaénim skoére)

spolehlivost pravidla

Mahalanobisova vzdalenost

aposteriorni pravdépodobnost

spolehlivost klasifikace

Mahalanobisova vzdalenost

popisuje vzdalenost centroidl skupin (bere v
uvahu korelaci mezi parametry a je nezavisla

na jejich rozsahu)

= === Threshaold
Xz w— Roforence cluster

A ) Reference data (Intant)
A Mew cbeervation

¥ Mew abservation

MD: Mahzlanobis Distance

| MD of group A< MD of group X

U

Group of A
]
Intact

Group of X
1

Damage

» X

Posterior probability — pravdépodobnost

zarazeni objektu do skupiny (p toho, ze

objekt patfi do té které skupiny) — vychazi

z Makalanobisovych vzdalenosti ke
skupinam a a priori pravdépodobnosti




Diskriminacni analyza

Vystupy:

O
O
O

O O O O

predikcni pravidlo

diskriminacni skore pro kazdy pripad
nestandardizované koeficienty pro kazdou
proménnou (pouzity v diskriminacni rovnici)
standardizované koeficienty (vyjadruji podil dané
veli¢iny na diskriminaénim skoére)

spolehlivost pravidla

Mahalanobisova vzdalenost

aposteriorni pravdépodobnost

spolehlivost klasifikace

Spolehlivost zatazeni pripadl do skupin

na zakladé predikcniho pravidla

T L L
se_rival Toral female
Female Male

Team B Estimated =ex Fernale 20 1 21

Mo = | I8 29

Total 21 o 50

Team A Estimated sex Fernale 19 ] 19

hdale= 2 X0 31

lotal 21 2 50

Both teams achieved 95% accuracy [48 of 50] in determining the correct sex

classification,

resubstituce
krizova validace (cross-validace)

Training set |

Training folds ~ Test fold
Istiteration [ | [ [ | [ | | |

2¢ jteration | [T T T T 7T ]
3% iteration | [ [T T 1T T

10stiteration WM [ [ [ [ [ [ [ [ ]

jeste lépe
testovani na nezavislém vzorku
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EH}

 —
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Kanonicka analyza

T . predikcni model pro odliseni
minimalné tfi proménné

mezi vice nez dvéma skupinami

Variabilita proménnych je zpracovana s ohledem na predem dané (a priori

znamé) rozdeéleni do skupin — nové proménné (kanonické osy), maximalizuji
rozdily mezi skupinami.

Vlastnosti popsané ptivodnimi Vystupy:

promeénnymi jsou prevedeny na kanonické rovnice (k-1)

kanonické proménné (k-1, kde k je CS1=alx1+blx2+clx3...+C1
pocet skupin) CS2=2a2x1+b2x2 +c2x3 ...+ C2

Pro kazdy prvek existuje hodnota standardizované a nestandardizované
kanonické proménné — misto, kam koeficienty

dopadne na kanonické ose



Kanonicka analyza

TR v predikcni model pro odliseni
minimalné tfi proménné

mezi vice nez dvéma skupinami

Grafy — redukce
promeénnych na to
,podstatné” -2f

Axis 2
&
1

Lmsep

Lvvalve

=4k

Ldvalve




Statistica — import souboru a prace s nimi

o importovat ze souboru rlznych typl — excel, csy, txt a také Opening file: Data,lebkyadsx : %
vlozenim ze schranky

Import all sheets to a Workbook

Praci usetfi, pokud jsou buriky v plvodnim excelovském
souboru ve spravném formatu. Pokud po nacteni format

proménnych neodpovida nasim pozadavkim, jde format = Open as an Excel Workbook
upravit nastavenim jednotlivych proménnych (dvojité poklikani [ Set as defaut

na buniku s nazvem promeénné) — typicky nastaveni Ciselnych

Import selected sheet to a Spreadshest

proménnych na Type > Double

E %
g B O f

Add to Addto Addte  Addto
Workbook ~ Report ™ Word ~ Workspace ™

fq Save Project Output
MozZnost ulozit vSe v prehledném stromu nabizi 54 Save Project As nts\OneDrive - MUNI\\
Project. Vystupy je mozné exportovat také napfriklad = Open

o datovy soubor a vystupy analyz je mozné
uchovavat v rliznych formatech

[Ny

ve formatu .doc.

in |YOD YOB
- . peremmeeixedl 1947 1927




Popisna statistika — vizualni hodnoceni — krabicovy graf

D~ 222 Matrix Block Box Plot of G-OP grouped by sex
m [E m m |H [ H_]t list_1 in Data_lebky 13v*103c
Wl ISLograms..
Histogram Scatterplot Means Box  Varability Line I 2 205 i T
e Scatterplots... h
Commeon BY Scatter w/Error Plots... | 200 ©
C:A\Users\Mikolds Jurda\Documents\On Bag Plots... £
Means w/Error Plots.., 195
ID SEX age origin Y Box Plots...
1 184)F 2ladmixed} o i plots. | 190 ¢
2 208|F Bl Range Plots
3| 213F | nae T 185 | -
- R Scatter [con Plots...
o
8 180 | =
Pokud nezadate grupovaci proménnou, i
175
zobrazi se graf pro cely soubor, pokud ano,
v v . ’ 170 ¢
pak oddéelené pro definované
165
160
o Median
195 [125%-75%
7 M T Non-Outlier Range
sex o Qutliers

Krabicovy graf pro dvé skupiny — m a f — dobry pro
vyhleddvani extrémnich pripada (napriklad chyb v
datech) — pri podrzeni mysi nad odlehlou hodnotou
se zobrazi jeji ID



Popisna statistika — vizualni hodnoceni — histogram

-

) e , &0 3D Seq.~ G-OP = 65*5*Normal(Location=176,6663; Scale=7,6723)
Histogram Scatterplot Means  Box  Variability Line 18
M aoxvz- ; ; ' ' ; ; ; ; '
Common
16
I P13 T P L “I [\ learsh mikallOin
14 ¢
P 2D Histograms 7 X
m g 121
Quick Advanced Appearance Categorized Options 1 Options 2
. . 7
ot gy s £ 10f
' ' Variable: EU-EL — °
(®) Integer mode [+ Auto 8 3
() Unique values e
Unsorted Asc Desc SHECT
Sel Cond
. (O Categories: — 6 r
Showing Type Exponertial (O) Boundaries: none
Extreme (D) Codes: none 4t / \
[] Pareto chart gam”': . () Muttiple subsets
[] Breaks between bty 2C0METE hd |@ Change Variable
columns 2t
[ Show percentages Statistics
[ Show courts [] Shapiro-Wilk test [] Tatal count 0 - .
Y ais: [] Descrptive stafistics [ ] Kolmogorov-Smimov test 155 160 165 170 175 180 185 190 195 200 205 210

G-OP
Umoznuje posoudit rozlozeni hodnot a srovnat je
s predpokladanym rozlozenim (linie). Nastavuje
se jako Fit type dialogovém okne.




Popisna statistika — vizualni hodnoceni — QQ graf

Quantile-Quantile Plot of G-OP

B [ 2o - BEB Matrix [ eloc list_1 in Data_lebky 13v*103c

Histograms... Distribution: Normal

distogram Scatterplot Means Box  Vanability Line

B Scatterplots,., G-OP = 176,6663+7,6964*x
Common BE Scatter w/Error Plots.. 0,01 0,05 025 050 075 090 0,99
:3' lebloy™ C:\Use Bag Plots... 205 T T T T T T T T T
E Means w/Error Plots...
fg] BoxFPlots... 200 |
F Variability Plots...
F Range Plots... 195 ¢
:Z Scatter lcon Plots... 190 |
F Scatter Image Plots... o
F E:. Scatterplots w/Histograms... =] 185 |
F EE Scatterplots w/Box Plots... g
F Maormal Probability Plots... 8 180 +
Quantile-Quantile Plots... %
Probability-Probability Plots... 8 175 F
Bar/Column Plots... o
F Line Plots (Variables)... 170 ¢
F |i Line Plots (Case Profiles)...
m Sequential/Stacked... 165
@ PieCharts..
:ﬂ Bl MMissing/Range Data Plots... 160
M Parallel Coordinate Plots... 155 . . | . .
M E. Custu:uml Function F'Ints.l.. . 3 ) 1 0 1 2 3

Theoretical Quantile
Alternativni zplsob porovnani pozorovanych hodnot s
normalnim rozlozenim (pozorovany kvantil vs. teoreticky
kvantil).



Popisna statistika — Ciselna popisna statistika
E=

- B B R

éllselna, poplsna, StatiStIka Basic | Multiple AMOVA Monparametrics Distribution Maore

Statistics Regression Fitting  Distributions
Base
= Basic Statistics and Tables: Data_leb... ? >
Cuick | ' Ok : = Descriptive Statistics: Data_lebloy in lebky ? *
E==1
Y] Desciiptive statistics ' ' e
cop

m Comelation matrices Cancel ——

% est, independent, by groups = Optiors ~ Quick  Advanced | Robust I Norrnal'rt).rl Prob. & Scatterplots | Categ. plots I Options I Cancel

[ t4est, independent, by varables _ B Summary: Statistics | 3 G1 BB G2 Compute statistcs:

E"ﬁ t4est dependent samples Location, valid N Wariation, moments Percentiles, ranges ¥ E’]l" Gm‘"—'p‘ ? X

== ' _ED P Valid N [] Standard Deviation Minimum & mesmum

E t4test, smgle SaITID|E= D % valid abswn. Dl:l far Sample 5 D Lower & upper quartiles | Emuplng ‘u’anable{s} P,

== Breakdown & one-way ANOVA Mean Dlgi;l:- 55::” ™ [JPercentie boundaries _

[t& Breakdown; nonfactorial tables |:|Sum- 0- et o vansten First: |10.00 1 Sz L ‘E’ mnebled soring of Groces

[ Median [ Variance AsEs 8 w (] Output to single fold @ Unsorted

g Frequency tables E Mode Egﬁ.{mi :::Lans foundance. | 102030405060 7080 90 Wghtd momris Lab: ) :t m:tg & folder e

S Tables and banners Geom. mean ' DF = PLICS

5 : = i

% Multiple response tables []Hamn. mean D';:cewal' 500 5% Intervals: |10 W-1 N-1 Output "All Groups” results (O Descending

= EWNESS . ] ) )

I Difference tests: r, %, means (=) Dpen i [ | [ 1Range Dﬁ“amle 'a”re (":“;D deletion Accumulate tabular results in a single spreadshest

= i Select all stats Reset Casewise
2 Probability calculator [ Kurtosis
%%;EEI 5 & W [1td. e, Kurtosis | Save settings as default | @) Painwise oK | | Cancel
Aggregate Results
— — - Descriptive Statistics (Spreadsheet in lebky)
] DESC.rIpT.IVE Statistics [Data_lebky In Iehl.fy.} . . Variable sex | ValidN | Mean | Median | Minimum | Maximum | Variance | Std Dev.
Variable Valid N Mean | Median | Minimum | Maximum | Variance | StdDev
e G-OP | Fl 33 1742264 175.6800 161.8900 184.5100  41.17876) 6.417068
GoP | Go] 176.6663 176.8000  161.5500  201.6700  58.86475 7.672336 G-OP M 32 1791825 1804300 1615500 2016700 6614724 8133095
G-0P 0

pro vSechna data zaroven by group — pro skupiny zvlast



Popisna statistika — Ciselna popisna statistika

souhrnné vysledky - histogram, krabicové grafy, zvolené parametry a P-P plot

~— Basic Statistics and Tables: Data_leb... ? >
Summary: G-OP
Quick I = Descriptive Statistics: Data_lebky in lebky ? *
QK ' K-S d=.0i0;.‘¢;:d 23; h‘i‘iﬁ? p>.20 , Normal P-Plot: G-OP
: Ve IC3 B  Varables: | GOF » X air
i i Cancel 6 - 2
ﬁ Comelation matrices Quick  Advanced IHobust I Nonﬂality' Prob. & Scatterplots | Categ. plots I Options I Cancel :4 é 1 ,ﬁf’f"
B . : 412 £
=43 Hest, independent, by groups ®] Options ~ Summary: Statisics Compute statstics L 30 y,f%
E"El t4est, iﬂd&pEﬂdEﬁfﬂ. bY variables Location, valid N Variation, moments Percentiles, ranges 2 : ‘é 1 wa
= [ Valid M [] Standard Deviation Minimum & maximum 4 o &
ttest, dependent samples [ % valid obsyn. 1Clfor Sample e [ Lower & upper quarties 2 e
Interval: v o= 3
E test, single sample Mean erval: |55.00 =% [] Percentile boundaries 15 160 165 170 175 180 165 190 195 200 205 155 160 165 170 175 180 185 190 195 200 205
. DSL.IITI DCceﬁ“lcient of wariation i 5. an X <= Category Boundary Value
_ Cvan First: 1000 [E%  5econd/s0.00 [ % 05
== Breakdown & one-way ANOVA [] Median anance = 2 = s Statistics:G.OP -
[ Mode [15td. er. of mean T 1020 30 40 50 60 70 80 30 Wahtd momnts ummary Statistics: G-
[LE:__ Breakdown; nonfactorial tables [ Geom. mean ] Contf. limits for means 5E= \h’dae'fn'j';_?g R —_— 1
n - = B
S Frequency tables Cltam mean _izrat (3500 (2 itervals: |10 (GNSLE Minimum=161.550000 -
— [ Skewness [JRange [ Quartierange WD deotion Maximum=201,670000 L
A Tables and banners [15td. & Skewness Std.Dev.= 7.672336 BT
: i | Select all stats | | Reset | () Casewise 175
:...M kil tabl [ Kurtosis
:ﬁ ultiple response tables . L 170
[15td. er.. Kurtosis | [E] Save settings as default | (® Pairwise

[ Difference tests: r, %, means 3 “ iz

s T E? [.h)Ef‘l g’ﬂtﬂ 160 — I:M(_ﬂ;“,za,mzu
240 Probability calculator — wl e

thsis 8| €BD W

v zakladni,
prednastavené podobé



Popisna statistika — normalita dat

Grafické posouzeni
Srovnani s normalnim rozlozenim — viz predchozi grafy

Testovani
Statistické testy
Histogram: G-OP
Statistics > Basic statistics > Descriptive K-S d=.06703, p> .20; Lilliefors p> .20
Shapiro-Wilk W=.97838, p=.31257
statistics > Normality 2 —
18
16
14 +
Frequency table: G-OF [Data_lehky in lebky) 12t
k-5 d=06703, p= _20; Lilliefors p= 20 o
Count Cumulative Percent Cumul % % of all Cumulative % 2 10 |
Category Count of Valid of Valid Cases of All g
155.0000<x<=160.0000 | ol 0 0.00000 0.0000 0.00000 0.0000f = 4|
160.0000<x==165.0000 4 4 6.15385 6.1538 3.88350 3.8835
166.0000<x<=170.0000 10 14 1538462 21.5385 9.70874 13.5922 6t
170.0000<x<=175.0000 12 26 18.46154 40.0000  11.65049 252427
1756.0000<x==180.0000 16 42 2461538 64.6154 1553398 40.7767 4l
180.0000<x==185.0000 16 58 2461538 89.2308 1553398 56.3107
185.0000=x==150.0000 5 63 7.69231 96.9231 4.85437 61.1650 21
190.0000=x==195.0000 1 64 1.53846 98.4615 0.97087 62.1359 /
195_0000=x<=200.0000 0 64 0.00000 98.4615 0.00000 52.1359 0 .
200.0000=x==205.0000 1 65 1.53846  100.0000 0.97087 63.1068 155 160 165 170 175 180 185 190 195 200 205
Missing 38 103 5846154 36.89320 100.0000 X <= Category Boundary




Neparovy dvouvybérovy t-test Parovy dvouvybérovy t-test
ReSend otazka ReSend otazka

Je mezi dvéma skupinami v konkrétni Je mezi stejnymi jedinci v rlizné situaci
kvantitativni proménné vyznamny rozdil? rozdil?

Jsou muzi statisticky vyznamné vyssi Jsou lidé po tréninku zdatnéjsi nez

nez zeny? pred nim?



Neparovy dvouvybérovy t-test

Predpoklady:
normalni rozloZeni v ramci porovnavanych skupin
- jiz predstavenymi postupy

shoda rozptylu téchto skupin
- testovani je pfimo soucasti vysledkl jako F-statistika

Box Plot of G-OP grouped by sex
Data_lebky in lebky 12v*103c
205

200

195 |
190 |

185 | T
180 | T LDJ
175 | o

170

G-OP

165

160 |

155

N
aF
Xa

=
o3

0-75%
on-Outlier Range
utliers

_,.‘
=
oHHJo
z
o

o

=

pokud data nesplnuji

4

neparametrické alternativy
v tomto pripadé
Mann-whitney U-test

V pfipadé raznych rozptyld
mozno pouzit t-test se
samostatnymi odhady
rozptyl



Ovéreni predpoklad(i testu pfimo v dialogovém okné

ﬁ Basic Statistics and Tables: Data_leb...

Quick |

&l Descriptive statistics

ﬁ Comelation matrices

B8 | test, independent, by groups
[E## t4est, independent, by variables
E"El t4est, dependent samples

Elz ttest, single sample

E Breakdown & one-way ANOWVA
[LE:__ Breakdown; nonfactorial tables
S Frequency tables

A Tables and banners

% Multiple response tables

NF, Difference tests: r, %, means
,?3;}1]1 Probability calculatar

3 >

[®] Options -

E}' Open Data
SELEET S w

thSES 2

= T-Test for Independent Samples by Groups: Data_lebky in lebky

[ Variables:| Dependent: G-OF

Grouping:  sex

Code for Group 1: Code for Group 2: DI

7 >

Summary

Cancel

[ Options ~

Summary: T4ests E Categorized nomal plots
Box & whisker plot BE Categorized halfnomal plots
_____ E Categorized histograme % Categ. detrended nomal plots
% Categorized scatterplot

W-1 M-1
MDD deletion

() Casewise
(®) Pairwise

Categ. Normal P-Plot: G-OP

Expected Normal Value

185 205 155 165 175 185 195
200 160 170 180 190 200

sex: M

sex: F

Observed Value

G-OP

Box & Whisker Plot: G-OP
205

200

195

190

185 —

180 o

175 | g

170 ¢

165

160

155

o Median

[ 1 25%-75%

sex T Min-Max

Shoda rozptylt — graficky
Advanced > Box & Whiskers plot

_Normalita rozlozeni v rdmci skupin
Advanced > Categorized normal plots



T-test — vystupy

Samotné vystupy testu — Ize provést hromadné pro vSechny zaroven

T-tests; Grouping: sex (Data_lebky in lebky)
Group 1: F
Group 2: M
Mean Mean t-value df p ValidMW | Valid N | Std.Dev. | Std.Dev. F-ratio p
\ariable F V] F i F i Variances | Varances
G-OP | 174.22641  179.1825) -2.73202) 63 0.008157 33 32| 6417068 B8.133095 1.606344 0.187893
EU-EU 1354297 14143060 -3.37315 63 0.001275 33 32| 5635122 B 468520 2.258439 0.024509
BA-B 128.9491) 1324963 -251013] 63 0.014650 33 32| 4961380 6.3B65777 1.646258 0.166251
NG-ZYG 1205567 1288028  -6.17618 63 0.000000 33 32| 5473546 5284873 1.072676 0.846689
D-D 202794 214384 189444 63 0.062759 33 32 2.369016 2562275 1.169810 0.661057
RH-MNS 33.0933 375522 -5419300 63 0.000001 33 32| 3163414 3467077 1.201199 0.608583
ZM-ZM 68.1052 922650 -2.89237 63 0.005243 33 32| 6449334 5035607 1.640310 0.171598
skupinové samotnad statistika smeérodatné shoda rozptylU
prumery odchylky

Jde o jednorozmerny test, proto mame pro kazdou proménnou samostatny radek!



Diskriminacni analyza Hodnoceni vztahu nezavislych proménnych a

kategorialni proménné

o t-test a ANOVA

vyznam maji pouze ty, které maji » o korelacni analyza a XY grafy
néjakou souvislost s kategorialni

proménnou o hlavni komponenty a faktorova analyza

Jaké pouzit proménné

o diskriminacCni analyza

o ,expertni znalost proménnych”

redundantni proménné snizuji

stabilitu modelu a mohou vést k » korelaéni analyza
nesmyslinym vysledkim



Diskriminacni analyza

Vztah ke kategorialni proménné

Samostatny t-test pro jednotlivé proménné — pro dvé skupiny!!

(Basic statistics > t-test, independent, by groups)

ANOVA (Basic statistics > Breakdows &
One-way ANOVA; Analysis of variance) —
pro dvé a vice skupin (pro dvée skupiny
jsou vysledky obdobné jako t-test)

Obé analyzy mohou napovédét, ale diskriminace muze uspét i diky kombinaci proménnych.

Analysis of Variance (Data_lebky in lebky)
Marked effects are significant at p < 05000

SS df MS 55 df MS F p

Variable Effect Effect Effect Error Error Error

G-OP | SEIEI.EIEEI_ 1 395.059) 3365.285 63 5346454 746395 0.008157
EU-EU 585.042 1 585042 3239338 63 5141806 11.37814 0.001275
BA-B 204 415 1 204 415 2043.906 B3 3244295 6.30074| 0.014650
G-IV G 1104721 1 1104.721 1824 637 63 2896090 3514825 0.000000
D-D 21.825 1 21.825 383.114 63 6.08118 358891 0.062759
RH-NS 322.996 1 322.996 G992 869 63 1095793 2536881  0.000001
ZM-ZI 281129 1 281129  2117.083 63 33.60449 B.36682 0.005243



Diskriminacni analyza

(Statistics > Mult/Exploratory > Discriminant)

grupovaci proménna — stav,
ktery chceme urcovat

Home Edit View Format Statistics Data Mining Graphs Tools Data Wo
E=== ey ;T:‘:(:' 11‘/,"'\ Q @ Advanced Models ~ I'fi Meural Nets ac
sl = e [ Mutt/Exploratory = | ) PLS, PCA, .. ZE M
Basic  Multiple AMNOVA Monparametrics Distribution Mare

Statistics Regression Fitting  Distributions FI Cluster F
Base % Factor -
B:' lebloy™ cA\Users\miko\On @@ Principal Components & Classification ke
BD LEE *E*; Cancnical
EI@ Basic Statistics/Table D s age é Reliability/ltem E
-1y Breakdown resuli 184|F 25 sk ! B
J ] Breakdown T ~08lE a7 ¥ Classification Trees
D Analysis of Vi I 21 ET{F; Correspondence
E Analysis of Vi S Multidimensional Scaling
-1y Correlations diale 237|F 30 [E‘ﬂq Discriminant
) 377|E a9 iscriminan
o Correlat!cinsﬁ = (General Discriminant
@ Correlations ( 389|F 100 | K

Select one grouping var. and independent variable list: ? >
1-sex oK
2 -age 2 -age I—I
3 - origin 3 - origin
4-YOD 4-YOD Cancel
5-YOB 5-YOB
6-GOP £ - G-OP [ Bundles ...
- EU-EU 7-EU-EU
3-BA-B 8 - BA-B Use the "Show
9-G-2YG 9 - ZYE-ZYGE appropriate
10-D-D 10-D-D
11 - RH-MS 11 - RH-NS
12 - ZM-ZM 12 - ZM-ZM

Select Al | Spread | | Zoom | SelectAl | Spread | | Zoom

Grouping varable:

Independent variable list:

m |

| information.

[ 5how appropriate varables only

nezavisla proménna — vybér
hodnot pro analyzu



Diskriminacni analyza — Ciselny vystup analyzy

Celkové Wilks Lambda
celkova kvalita modelu s pouzitim vSech proménnych (0 = nejlepsi

diskriminace)

Discriminant lon Analysis Summary (Data_lebky in lebky)
Mo. of vars In el: 7, Grouping: sex (2 grps)
Wilks' Lambda: 51124 approx. F (7,57)=7.7849 p=< 0000
Wilks lambda Wilks' Partial F-remove p-value Toler. 1-Toler.
, ve MN=65 Lambda | Lambda (1,57) (R-Sqr.)
celého modelu pri & || 0.511237] 1.000000  0.000000 1.000000 0.748612 0.251388
¥ s 2 - 0.511532] 0.999423 0.032915 0.856678 0589176 0410824
vyrazeni dane BA-B 0.511421  0.999640 0.020521 0.886595 0.800895 0.199105
proménné NG-ZY G 0.564785 0.905138 5970335 0.017665 0493531 0.506469
D-D 0.511242  0.999989 0.000612 0980357 0.825532 0.174463
RH-NS 0.600821 0.850898 9988070 0.002523 0.882669 0.117332
ZM-ZIM 0.527488 _0.969192 1.811848 0183616  0.852432 0.147563

/\/ariabilita proménné

nevysvetlena ostatnimi
promeénnymi

Unikatni prispévek
dané proménné k
diskriminaci

Variabilita proménné vysvéetlena
kombinaci ostatnich proménnych
v modelu



Diskriminacni analyza — predikcni pravidlo

[ Discriminant Function Analysis Results: list_1 in Data_leblky ? *
Stepwise Analysis — Step 3 (Finmal Step)

Humber of variables in the model: 3

Last wariable entered: IM-IM F (1,€l) = ,0275%58% p = ,LB€78

Wilks' Lambda: ,511&720 approx. F (2,€l) = 15%,40520 p < 0000 Mﬂ

Quick | Advanced Classication |

|E Classification functions | A prior classffication probabilities
(®) Propartional to group sizes

Us=e s=lection conditions to SELECT
classify selected cases only () Same for all groups

|E Classfication matrix | O User defined
|§ Classification of cases | Score to save for each case
: (®) Save classification for case
| Bl Squared Mahalanobis distances | () Save distance for case
|E Posterior prob. ) | () Save posterior probability for case
Max. number of cases in a
| single results spreadshest: E

IE Save scores

F W
Variable p=50769 | p=49231
YGZYG | 3.3621 3,577
RH-NS 2157

ZM-ZM 1.872

spocitaji se obé a

Classification Functions; grouping: sex (list_1in Data_lebly)

Constant 325876 -373.301 ]
I

rozepsaneé funkce
pro jednu a pro
druhou kategorii

pripad je klasifikovan do té skupiny,
pro kterou je vysledek vyssi



Diskriminacni analyza — hodnoceni klasifikacniho kritéria

E-@ Discriminant Function Analysis Results: Data_lebky in lebky ? *
Nusber of variables in the model: 7 Classification Matrix (Data_lebky in lebky)
Wilks' Lambda: .5112363  approx. F (7,57) = 7.784%02 p = 0000 Rows: Observed classifications
Columns: Predicted classifications
Quick | Advanced Classffication | Percent F W

|E Classfication functions | A prior classification probabilities
(®) Proportional to group sizes

Group Correct | p=50769 | p=49231
ﬁsﬁ?ﬁmn:::::w () Same for all groups

‘ F |84 84849] 28 3
[ Cossfomiongam | O Userdefned I 81.25000 6 26

|E Classification of cases | Score to save for each case i Total B3 07692 34 31 -

(®) Save classfication for case
|E Sguared Mahalanobis distances | () Save distance for case

| E Posterior probabilties | () Save posterior probability for case
@ Saysooss | U muberol cases klasifikacni tabulka s procenty spravné
klasifikovanych pripadua (resubstituce)




Diskriminacni analyza — dalsi vystupy

ﬂ:ﬂ Discriminant Function Analysis Results: Data_lebloy in lebloy ? x
Ohbserved F M Paosterior Probabilities (Data_lebky in lebk
Case Classif. p=50769 | p=49231 Incorrect classifications are marked with *
Hurber of wariables in the model: 7 Observed F M
184 | F- 11.04751 17.18187 Case Classif. p=-50769 | p=49231
208 F 426211 7.589388 Wilks' Lambda: .511236% approx. F (7,57) = 7.784%02 p < .0000 184 | FI” 0956808 0.043192
*213 F 6.96715 443218 B2 208 F| 0.844836 0.155164
237 F 3.90346 8.32681 Quick | Advanced ~ Classfication | Summany *213 F 0225009  0.774991
3T F 1.85923 9.65731 237 F 0903997  0.096003
389 F 418512 8.32306 i Classfication functions gﬁoﬂ' classffication probabilties Cancel 377 F| 0980731 0.019269
) B Proportional to group sizes 389 F 0.890878 0109122
E E gjggﬁg E;gggi ity setciad cases onty 15962 | (3 Same for ol groups [ Optins 475 F 0976663  0.023337
; AT B s | Obesre S pone owar
11 il 2500021 2627006 i Classification of cases Score to save for each case *11 I U:EEU 540 0:339.4_5[]
16 M 1070175 5.22294 @) Save classfication for case 16 M| 0.062466  0.937534
18 F 5 44417 1517607 Eﬁ Squared Mahalanobis distances i () Save distance for case 18 F 0992584 0.007416
19 F 2 813685 4 AR846 . e () Save posterior probability for case 19 F 0701234  0.298766
— M7 72133 664935 B8 Bostororprobabities o 2% M 0376316 0623684
i i =] Saye scores imlo results sproadshect. | 100000 | 28 M 0.071933  0.928067
2 M| 12bmte] | ravTe o e : 3 M| 0454583 0545417
Mahalanobisova vzdalenost Aposteriorni
/7 . o A4
— vzdalenost od centroidu pravdépodobnost
obou skupin — pravdépodobnost, s jakou

patri do obou skupin



Diskriminacni analyza — dopredna a zpétna eliminace proménnych

»Step-wise” analyza — vybér proménnych samotnou analyzou

o promeénné jsou pridavany/ubirany podle jejich vyznamu v
modelu

o zpravidla je vybran pouze zlomek plivodnich proménnych

[[}EI Discriminant Function Analysis: Data_lebky in leb... ? > [E-ﬁl Model Definition: Data_lebky in lebky ? x Discriminant FI.JFI{_]T.iI:}rI Analysis SIJI'I'_]I'I'IEI"E" [DET.H_|E|]|‘C"I,|" in |Eh|‘."_l,|"}
Step 3, M of vars in model: 3; Grouping: sex (2 grps)
Quick | 0K o — Wilks" Lambda: 51168 approx. F (3,61)=19.405 p=< .0000
2] Yatchics: oK Wilks' Fartial F-remave p-value Taler. 1-Toler.
[g]  Variables S G-OP-ZM-ZM Cancel N=65 Lambda | Lambda (1.61) (R-Sar )
Grouping:  sex [® Options - Quick |Aduanced| Descrptives | IYGZIYG | 0.6064661 0.843704 11.30024| 0.001342] 0.884970) 0.115030
Independent: G-OP-ZM-ZM [®] Options ~ RH-NS 0610534 0838083 11.78516, 0001078 0.933334 U.UEEEEE|
R e 2 groups meciied | |E=HDEER Method: Standard " ZM-ZM 0.530334  0.964823 222404 0141031 0919489  0.080511
[/] Advanced options (stepwise analysis) FE%EEE; 5 (B ow W V to mto pFipa d é Vyb ra’ ny
MD deletion Backward stepwise .. v ,
nced discriminant function anahyses or very large @ Casewize po u Ze t rl p ro m e n n e
problems use the General Discriminant Analyzis D Mean
ule. substitution

Forward stepwise — dopredna
Backward stepwise — zpétna



] w ReSend otazka
Kontingen&ni tabulky ‘

LiSi se néjak mezi skupiny jedincu ve
vyskytu znakl?

pozorované
Test dobré shody
Testuje shodu realné distribuce hodnot do n at CO
. . . . , orgin orgin Row
skupin s teoretickou distribuci sex admixed | European | Totals
F 8 25 33
L _ ) o 5 M 0 32 32
V pripadé platnosti nulové hypotézy je pomér Totals 3 57 65
mezi bunikami jednoho radku v rtznych
sloupcich nezavisly na vybéru tohoto radku VS.
ocCekavané
Statistics > Basic statistics > Tables and 2-Way Summary Table: Expected Frequencies (Data_lebky in lebky)
. . Marked cells have counts > 10
banners > Options > Expected frequencies origin arigin Row
SexX admixed | European Totals
F | 4-[]51538_ 26.93a46) 33.00000
Advanced > Detailed Two-way Tables i 3938462 25 06154 32 00000
Totals a.000000 5700000 65.00000




Korelacni analyza — vizualni posouzeni

I II I @@@ . | Wi 2D~ SE& | atrix Scatterplot of EU-EU against G-OP
uiin I = 4P 205.q.- B! Data_lebky in lebky 12v*103c
Histo 5 iability  Li = o EU-EU = 87.9272+0.2856"x
gram |5catterplot Means Box  Variability Line — )
v IDXYZ~ @ Categorized * 160
Commaon Mare... 155 + °
®

B 20 Scatterplots

150 ¢

Quick  Advanced Appearance Categorized Options 1 Options 2

145
3] Vanables:
Ex; none 140 ¢
E v none SE13511
w
Graph type: Regression bands a 130 ¢
@ off lewvel:
(O Corfidence |95 125 ¢ [o] °
() Prediction _GOP Bundles ]...
Fit type: 120 t
[ Linear 8 - BA-B
9-ZYG-ZYG
10-D-D 115 ¢
11-RH-NS 11-RH-NS
12-ZM-ZM 12-ZM-ZM o
110 ¢
[Sclci Al | Spread | | Zoom | |SelectAl| | Spread | | Zoom |
Llx Elx 105 L I ; ! L | L J !
s | [7 | 155 160 165 170 175 180 185 190 195 200 205
Show appropriate variables only _ G-OP




Korelacni analyza — Ciselné vyjadreni — korelacni koeficienty

Correlations (Data_lebky in lebky 12v*103c¢)

G-OP
[=]
=] a g
B @
et
2 2%
g Oocacoﬂoou
o
D D_I:I ° °©° e
i !!!
. EDD []
NE?

Spearmanuyv korelacni koeficient
Non-parametrics > Correlations
- poradova korelace

Maji obé proménné
normalni rozlozeni?

EU-EU
o o

° 9 o P _8o
o 045 0%° o

0 po® o O
o m A nq}g o
5 o co “og

& & d

ANQO?

Pearsonuv korela¢ni koeficient
Basic statistics > Correlation matrices

Correlations (Data_lebky in lebky)

Marked correlations are significant at p < 05000

MN=65 (Casewise deletion of missing data)
Variable Means | StdDev. | GOP | EUEU | BAB [Z¥GZYG | DD | RHNS [ ZM-ZM
G-OP [ 176.66631 7672336 1.000000 0283467 0434146 0449907 0.347321 0277505 0.337228
EU-EU 1383840 7.730197 0283467 1.000000 0312539 0691211 0242707 0313714 0172503
BA-B 130.6954 5927057 0434146/ 0312599 1.000000) 0.353512] 0.245673 0.343633 0.215309
YG-IYG 124 6163 6.765327 0449907 0691211 0353512 1.000000 0.391823 0485016 0.391089
D-D 208500 2515388 0347321 0242707 0.245673| 0.391823 1.000000 0.109204 0292341
RH-NS 352885 3.984080 0277505 0313714 0343633 0485016  0.109204) 1.000000 0.123358
ZM-ZM 90.1531 6121443 0.337226) 0172503 0.215309 0.391089  0.292341) 0.123358 1.000000




Vicenasobna regresni analyza - vystupy

E= = 1
= = R
=l =ull

Basic =~ Multiple ANOVA Monparametrics Distnbution More

Statistics Regression Fitting  Distnbutions
Base

Multiple Regression Results: Data_kozni_rasy ? x

Multiple Regression Results

Dependent: m Multiple R = 72584024 F = 24 _7%0&7

RI= .S3IZEEETT df = 4,87
HNo. of cases: 32 adjusted R2= 51115018 p = .000000
Standard error of estimate: €.7ZZ807101
Intercept: 3¢.145356537 Sod.Error: 3.5534€2 ©f( 87) = 10.172 p = 0000

tvar b¥=.200
bricho b*=_444

krk b¥=-_03 paze b¥=_2483

{significant b* are highlighted in red)

Bz
Alpha for highlighting effects: DK
Quick |Muanced| Residuals/assumptions/prediction Cancel

Summary: Regression results

Y = by + b X +E

Dependent — zavisla (vysvétlovand) proménna

Multiple R — koeficient vicerozmérné korelace

R2 — koeficient determinace — podil modelem vysvétlované
variability

Adjusted R2 — podobny, ale bere v ivahu pocet regresort

F, df a p — F test vztahU mezi zavislou proménnou a mnozinou
nezavislych proménnych

F = regresni primér ¢tvercl/rezidualni priimér ¢tvercu

Standard error of estimate — smérodatna chyba odhadu — rozptyleni
pozorovanych hodnot kolem prfimky

Intercept (Absolutni ¢len) — hodnota BO

Std. Error — smérodatnd chyba absolutniho ¢lenu (nasleduji testy Ho —
intercept je roven nule)

b* — standardizované koeficienty — umoznuji porovnavat vliv
jednotlivych proménnych



Regresni analyza

Dalsi vysledky
Summary: regression results
Prvni tabulka — statistiky z predchoziho souhrnného okna

Druha tabulka — podrobnéjsi vysledky regrese, véetné nestandardizovaného koeficientu (b)
(ten standardizovany ukazuje relativni pfispéni jednotlivych proménnych)

Regression Summary for Dependent Variable: m (Data_kozni_rasy)

Regression Summary for Dependent Variable: Vaha (Data_somatometrie in R=.72984024 R2= 53266677 Adjusted R2= 51118018
R= 65062825 R2= 42331712 Adjusted R2= 41619757 F':“LEE*:‘?“‘-W g;-”ém“” S‘d-EEm ”featjs”t";‘g s_mzat - |
F(1,81)=59.458 p<.00000 Std.Error of estimate: 7.6022 B Sl Em. (87) pvalue
b* Std E b Std E (81 | =92 o LD
N=83 e e ®1) | pyalue Intercept 3614506 3553462 1017204 0.000000
c TE T OE
ntercept | 03097 24 20592 425917 0. 0000EE tvar 0.200323| 0.084188[_138426] 0.581752] 2.37946 0.019524
Vska | OEE0SE 0.084377 oot oise 77093 0.000000 krk 0.026205  0.114921 0.07819 0342881 -0.22803  0.520159
' ' ' ' ' ' paze 0248340 0.110612] 041047 0.182624] 224515 0.027293
bricho 0443919 0108431 031736 0.077519 4.09402| 0.000095

Pro kazdy koeficient jsou vypocitany hodnoty t-statistiky a p, které testuji, zda je dany
parametr vyznamne odlisSny od O (jestli ma proménna v modelu své opodstatnéni — soucast
verifikace modelu).



Regresni analyza

Ovéreni predpokladt e
1) Spravné specifikovany model N
2) Stredni hodnota chybové slozky je 0 »
3) Chybova slozka ma konstantni rozptyl 2
4) Jednotlivé slozky chybového vektoru jsou nekorelova
5) Rezidualni slozka ma normalni rozdéleni

Perform residual analysis > Scatterplots
> Predicted vs. residuals 5 —

No of obs
o

Predicted vs. Residual Scores
Dependent variable: Vaha
25 . 0 - - - -
& -25 -20 -15 -10 -5 0 5 10 15 20 25
207 ° ° | 5 o . .
. s, I -\ Perform residual analysis > Residuals >
° o S
10+ ] B s s
Y . 8. - Histogram of residuals
° )
© i 60 % % o ° S e E : ] °
g P e T o 5
g 0 oo 8° % o e S
& R PR £ 17
5 T a - -
10 co ° ° o ° o ) @\% Odogb .
o © ° 1 ° St_) i
15 ¢ °
2
20 ¢ ° 1 20 @ 20 40 68 B0 100 120 140 168 180
-25 Predicted
65 70 75 80 85 90 95 100 105
Predicted Values



Regresni analyza — spravna podoba vysledkU

Ovéreni predpokladi
1) Spravné specifikovany model

3) Chybova slozka ma konstantni rozptyl
4) Jednotlivé slozky chybového vektoru jsou nekorelované
5) Rezidualni slozka ma normalni rozdéleni

2) Stfedni hodnota chybové slozky je O ’ mame nezavislé jedince

Perform residual analysis > Basics > Normal plot
of residuals (Kvantilovy graf)

Normal Probability Plot of Residuals
3

V pripadé normality musi body lezet na prolozené
primce.

Pokud neleZi (da se dale ovérit testem rezidui) —
odhady parametri modelu a regr. rovnice jsou v
porddku, ale ne vyznamnost regr. parametru a

» konfidencni intervaly

Expected Normal Value




Regresni analyza — spravna podoba vysledkU

Predikce
Predict dependent variable

Compute confidence limits

Interval spolehlivosti pro primérnou hodnotu
odezvy

Udava rozmezi, kde se s 95 % spolehlivosti
nachazi true best fit populace

Compute prediction limits (interval predpovédi)
Interval spolehlivost pro individualni hodnotu
odezvy

pokud pouzijete stejnou rovnici na
dalsi jedince dané vysky, bude se 95
% z nich nachazet vdaném rozmezi

Multiple Regression Results: sample_data_sormatometrie in Data_somatometrie ? *

Multiple Regression BResults

Dependent: Viha Multiple R = _.€50€2825 F = 55_4524%8
R3I= 4233171z df = 1,81
No. of cases: 23 adjusted R2= _41€15757 g = .000000
Standard error of estimate: 7.c02210230
Intercept: -103.0%70817 Std.Error: 24.2053%2 tf 2l) = -4.25% p = .0001

Viska b*=.g51

{significant b* are highlighted in red)

Alpha for highlighting effects: E ------------- D K

Quick I Advanced  Residuals/assumptions/prediction

Perform residual analysis

M Predict dependent variable
Descriptive statistics

by
(®) Compute corfidence limits Alpha: = By Group

() Compute prediction limits

@9 Code generator




