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Co vSechno (ne)lze vycCist z
grafu

Sila grafického znazornéni dat (nejen) v biologii a
mediciné
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R%0.06

KEXTHOR, THE DOG-BEARER

T DONT TRUST LINEAR REGRESSIONS WHEN ITS HARDER
10 GUESS THE DIRECTION OF THE CORRELATION FROM THE
SCATTER PLOT THAN TO FIND NELJ CONSTELLATIONS ON IT.

° ZdrUj.
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Univariate Correlation Methods + Multivariate Correlation Methods

g
é t .’ G3 '::uM
b : L MS. - ,."'.I
2 A i <® g, 4 S\ |/
= s . ® i g NN G5
W - ., b Cla Axis 1 e ——
- - . . ' —fﬁ—.— ,-"""’ -{-\\\x =1
s = ® . > ChaSy i A g . \:M‘ M4
* ' o | ATa mow J| N
i
M7

" r :
G rafl C ke Constraint-Based Models i Probabilistic Graph Models

znazornéni ~E o (
dat BN
NejdulezitéjSi nastroj

analyzy a komunikace
vysledku!

Interaction Networks . + Metabolic Networks

"

S
LA

Knowledge driven

MUNI RECETOX



Zakladne vlastnosti dobreho grafu

* Obsah!
e Jednoduchost

* Ne(zkresleni)
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Obsah

* Graf a jeho legenda musi obsahovat vSechny dulezité informace
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Wittke Thompson, JK,Pluzhnikova,CoxNJ (2005) Rational inferences about departures from Hardy-Weinberg
equilibrium. American Journal of Human Genetics 76:967T986,Figure1
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e 7adny rozdil nemusi mit vidy :
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3 31

:

I T I I T 1
0.0 0.2 04 0.6 0.8 1.0

MNeminal Coverage Probability

Figure 1. Empirical coverage of Cls for the relative-risk parameter B of haplotype 01100.
Results are based on 10,000 simulated data sets with the same haplotype frequencies as the
FUSION data. Haplotype 01100 has a multiplicative effect on disease risk, with f=0.35.

EpsteinMP,Satten GA (2003) Inference on haplotype e9ects in case-control studies using
unphased genotype data. American Journal of Human Genetics 73:1316T1329, Figure 1
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Jednoduchost

* Dobry graf neni slozitéjsi, nez informace v ném obsaZena
* Graf by mél mit vysoky pomér data / inkoust:

Mnozstvi inkoustu pouzitého k zobrazeni dat
Celkové mnozstvi inkoustu pouzitého k zobrazeni grafu
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Jak zkomplikovat graf?

* \\ybérem nevhodného zobrazeni!

e Ozdobami, které nesouvisi s obsahem
* Nevhodnymi a prilis cetnymi barvami
e Zbytecnymi 3D efekty
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Nevhodné zobrazeni — mnoho kategorii
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Nevhodne zobrazeni — malo kategorii
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Nevhodne zobrazeni — malo kategorii
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Ozdoby, které nesouvisi S obsahem

Tnn 20 Tourist Eﬂﬂaraﬂng Ennntr[ns To
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Nevhodné a prilis Ccetne barvy

Pocet ¢lankd nalezenych v db pubmed pod heslem
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Veédecké studie ukazuiji, ze 3D
efekty snizuji srozumitelnost grafu.

m north
M south
W east

W vwest
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AGE STRUCTURE OF COLLEGE ENROLLMENT

. a kombinaci vyse uvedené

e Graf znazornuje 5 Cisel!

* Podily vysokoskolskych studentu nad a pod 25
let, v letech 1972 az 1976.
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AGE STRUCTURE OF COLLEGE ENROLLMENT

. a kombinaci vyse uvedené

e Graf znazornuje 5 Cisel!

* Podily vysokoskolskych studentu nad a pod 25
let, v letech 1972 az 1976.
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ZKresleni

* Graf by nemél zobrazovat zkreslenou skutecnost (at uz uceloveé
nebo ndhodou)
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ZKkresleni skalou |.

e Kazdy automaticky predpoklada, ze osa Y zacina nulou!

Depression Scale Score
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ZKkresleni skalou |.

e Kazdy automaticky predpoklada, ze osa Y zacina nulou!
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ZKresleni skalou Il.
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ZKkresleni skalou Il.

e Zkraceni osy y vyvolava dojem velkého rozdilu
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http://www.exercisebiology.com/index.php/site/articles/how_graphs _can_fool you/
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ZKkresleni skalou |l

: 4 Same Data, Different Scales
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Pocty studentl na riznych fakultach a podil muzu a zen
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http://www.stat.auckland.ac.nz/~ihaka/120/Lectures/lecture03.pdf
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Pocty studentl na riznych fakultach a podil muzu a zen
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ZKkresleni skalou Ill.

e ...to samé bez transformace

Faculty Size Percentage of Female Students
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ZKkresleni skalou V.

Chybéjici body na ose x — zkresleni linearity
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By Smallman12q - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20059374 I\II U I\I I R E c E T 0 X



ZKkresleni skalou V.

Chybéjici body na ose x — zkresleni linearity
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ZKkresleni skalou V

Chybéjici body na ose x — zkresleni linearity
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MUNI RECETOX



Weekly Income
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ZKkresleni skalou V

Chybéjici body na ose x — zkresleni linearity
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ZKresleni skalou VI

Nespravné zobrazeni jednorozmérného nasobného rozdilu pomoci plochy

-
A
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ZKresleni skalou VI

Nespravné zobrazeni jednorozmérného nasobného rozdilu pomoci plochy

Trojnasobny rozdil pusobi jako devitindasobny
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ZKresleni skalou VI

Nespravné zobrazeni jednorozmérného nasobného rozdilu pomoci plochy

Trojnasobny rozdil pusobi jako devitindasobny Spravné zobrazeni
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ZKkresleni skalou VI.

$41 BILLION IN SALES

— 40
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Average male height aged 21
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Zkresleni uhlem pohledu a 3D efekty

Item A

ltem C > ltem A ?

By Smallman12q - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20059374 I\/I U I\I I R E c E T 0 X



Zkresleni uhlem pohledu a 3D efekty

Item A

ltem C < ltem A !

N [tem &

Bitem B

W ltem C

W [tem D
ltem C > ltem A ?

By Smallman12q - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20059374 I\/I U I\I I | R E c E T 0 X



Figure 1. Source: Erickson Times
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Summer Olympic Medal Count*

(Up to August 2004)
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Faktor klamu

Velikost efektu v grafu

Faktor klamu = Velikost efektu v datech

Faktor klamu >1 => zména v grafu je pfehnana
Faktor klamu mezi 0 a 1 => zména v grafu neni dostateCné viditelna
Faktor klamu = 1 => perfektni reprezentace skutecného rozdilu
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Nespravny graf — zkresleni vyznamu
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Nespravny graf — zkresleni vyznamu

Nespravné zobrazeni vysledkl dava pocit, Ze jde o nevyznamny rozdil
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Vyber spravneho grafu
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Grafy zobrazujici rozlozeni spojitych promennych

* Histogram - . ggFICOVV J—
e Jednorozmeérny * Prumér a 27
bodovy graf chyba

06 08 1.0 12 14
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Krabicovy graf (box and whisker plot)

50% dat v boxe je v

Odlahla hodnota Fuzy “mterkvartllo:'zm rozmedzi” Odlahla hodnota
/\l \l / N iﬂ
o O et H et 1 0
A T A
A _
25% dat je pod boxom Median 25% dat je nad boxom
50% dat je nad
50% dat je pod
25% kvantil (1. kvartil) 75% kvantil (3. kvartil)

* Odlahlé hodnoty (neobvyklé hodnoty) — tie datove body, ktorych vzdialenost od boxu je vacsia
ako 1.5 krat interkvartilove rozmedzie.

* Fuzy (whiskers) sa rozpinaju k poslednému neodlahlému bodu
* Boxplot je graficka reprezentacia 5-Ciselného zhrnutia:

Minimum, Prvy kvartil (25%), Median, Treti kvartil (75%), Maximum
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Specialni pripad — sloupcovy graf s chybou
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Sloupcovy graf s chybou — ale kterou?
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Sloupcovy graf s chybou — ale kterou?
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Grafy zobrazujici frekvenci kategorialnich
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* Sloupcovy graf

Vanilla Cream
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tooth length

Grafy zobrazujici asociaci kategorialni a spojite
promenne

* Krabicove grafy v
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Grafy zobrazujici asociaci dvou kategorialnich

promennych
 Mozaikovy graf
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Grafy zobrazujici asociaci dvou spojitych
promennych
* Dvouromeérny x-y graf

80

60
|

prestige

40
|

20

0 5000 10000 15000 20000 25000

income

[u} [u} [

MUNI RECETOX




Cviceni

e Ruzné datové soubory vs. 4 metody zobrazeni:

- Jednorozmérné individualni body (s rozptylem na ose y)
- Histogram s hustotou

- Priimér +/- smérodatna odchylka

- Boxplot

Vyberte nejvice a nejméné informativni graf co se tyka rozlozeni
hodnot, u kazdého datového souboru.
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Priklad 1. Nahodneée rozlozeni, N=400
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Priklad 2. N=37
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Priklad 3. N=100
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Priklad 4. N=4
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ProC se vyhybat sloupcovym grafum s

chybou
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ProC se vyhybat sloupcovym grafum s
chybou

Priemer + SD

Priemer
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ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou

Casto trpi neduhem — zkresleni Skalou

Box plots with optional
Means as bar plots b Means as scatter plots
d P P C means and 95% CI
Mot recommended Emor bars
47 sem  95% CI 47
51 o 37 & 3 I I 3 -
2 - 2 - 31 o 2 A 2 -

ol el Wl S L

Krzywinski M, Altman N. (2014) Visualizing samples with box plots. Nat Methods. 2014 Feb;11(2):119-20.
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ProC se vyhybat sloupcovym grafum s
chybou

0 2 4 5] 5] 10 12
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ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou

R
SR
—
—
—

Primér +- SD

0 2 4 & 8 10 12 0 2 4 5] 5] 10 12

RECETOX




ProC se vyhybat sloupcovym grafum s
chybou
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ProC se vyhybat sloupcovym grafum s
chybou
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Kdy nejsou vhodnée ani krabicove grafy

Kdyz je jen malo bodl na zobrazeni, krabicové grafy postradaji vyznam, jsou degenerované
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Figure 9. Comparison of theoretical and experimental p/ values for tryptic peptides from LIM 1215 cytosolic lysate separated by 2D FFE-IEF
(pH 3—10)/RP-HPLC. Box plots were automatically generated using the statistical package R, version 1.5.0 (http:/fwww.r-project.org) using the
default parameters (i.e., the box represents scores between 25 and 75%, with the median at 50%, outliners are scores > 1.5 times the interquartile
range (75—25%) from the box and are indicated by dots (O), whiskers (+ — +) extend to the highest or lowest score not considered to be an
outlier).

From Moritz et al., Anal. Chem. 2004 Aug 15; 76(16):4811-24 MUNI RECETOX



Najdite aspon 3 chyby

Figure 2 - Gene expression of collagen | and Il in the benign (white bar) and lumor (black bar) areas of prostale of Gleason
score=6 (A,B), Gleason score=7 (C,D) and Gleason score=8 (E,F). i aclin was used as an internal control. Data are repre-
sented as means £ SEM. Sample numbers were 13 for Gleason score=6; 10 for Gleason score=7 and 10 for Gleason score=8.
Different letters mean statistical significance evaluated by Student's-1-test.
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Figure 2 - Gene expression of collagen | and Ill in thé_benign lwhlie bar) and tumor [blach bar) areas-efprostale of Gleason
score=6 (A,B), Gleason score=7 (C,D) and Gleason score=§ 3 ‘ an internal control~Data are repre-
sented as means + SEM. Sample numbers were 13 for Gleason scnm:ﬁ 10 Inr Gleasnn score=7 and 10 for Gleason score=8.
Different letters mean stalistical significance evalualed by Student's-t-test.
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Figure 2 - Gene expression of collagen | and Il in the benign (white bar) and tumor (black bar) areas of prostate of Gleason

score=6 (A,B), Gleason score=7 (C,D) and Gleason score>8 (E,F). [ aclin was used as an internal control. Data are repre-
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Figure 2 - Gene expression of collagen | and Il in the benign (white bar) and tumor (black bar) areas of prostale of Gleason
score=6 (A,B), Gleason score=7 (C,D) and > . Data are rnpre-
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4. Odlisne skaly na osiy

Figure 2 - Gene expression of collagen | and Ill in the benign (while bar) and tumor (black bar) areas of prostale of Gleason
score=6 (A,B), Gleason score=7 (C,D) and Gleason score=8 (E,F). p aclin was used as an internal control. Data are repre-
sented as means + SEM. Sample numbers were 13 for Gleason score=6; 10 for Gleason score=7 and 10 for Gleason score=8.
Ditterent letters mean statistical significance evaluated by Student’s-t-test.
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5. Redundantne grafy Ca D

Figure 2 - Gene expression of collagen | and |l in the benign (white bar) and tumor (black bar) areas of prostale of Gleason
score=6 (A,B), Gleason score=7 (C,D) and Gleason score=8 (E,F). § aclin was used as an internal control. Data are repre-
sented as means + SEM. Sample numbers were 13 for Gleason score=6; 10 for Gleason score=7 and 10 for Gleason score=8.
Different letters mean statistical significance evaluated by Student's-t-test.
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