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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 REXTHOR, THE DOG-BEARER

T DONT TRUST UNEAR REGRESSIONS WHEN ITS HARDER
10 GUESS THE DIRECTION OF THE CORRELATION FROM THE
SCATTER PLOT THAN TO FIND NEW CONSTELLATIONS ON IT.
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Univariate Correlation Methods ' Multivariate Correlation Methods
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/akladne vlastnosti dobreho grafu

* Obsah!
e Jednoduchost

* Ne(zkresleni)

MUNI RECETOX



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

MUNI RECETOX



Obsah =
e 7adny rozdil nemusi mit vidy 2
vyznam zobrazovat ¢ 3
o
3 31
!

T T T T T T
0.0 0.2 04 0.6 0.8 1.0

Nominal Coverage Probability

Figure 1. Empirical coverage of CIs for the relative-risk parameter § 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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evhodneé zobrazeni — mnoho kategorii
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Nevhodne zobrazeni — malo kategorii
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LIy 4

o kategorii

Nevhodneé zobrazeni — ma
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Ozdoby, které nesouvisi s obsahem

TOD 20 Tourist Gﬂﬂﬂlﬂ“l‘lﬂ Countries To

IIN!TEII STATES OF RMERICA
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Nevhodné a prilis cetné barvy

. Pocet ¢lankd nalezenych v db pubmed pod heslem 'bioinformatic tool'
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Zbytecné 3D efekty Védecké studie ukazuji, e 3D

efekty snizuji srozumitelnost grafu.
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Porcant of AGE STRUCTURE OF COLLEGE ENROLLMENT
total

.. a kombinaci vy$e uvedeného .

70 -

e Graf znazornuje 5 Cisel!

69—

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

.. a kombinaci vy$e uvedeného .

e Graf znazornuje 5 Cisel!

* Podily vysokoskolskych studentl nad a pod 25
let, v letech 1972 az 1976.
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/kresleni

* Graf by nemél zobrazovat zkreslenou skutecnost (at uz ucelové
nebo nahodou)
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/kresleni skalou I.

» Kazdy automaticky predpoklada, ze osa Y zacina nulou!

Skore klinické deprese v Case

v

Depression Scale Score
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/kresleni skalou I.

» Kazdy automaticky predpoklada, ze osa Y zacina nulou!
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/kresleni skalou IlI.
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/kresleni ska

ou 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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/kresleni skalou |l

: 4 Same Data, Different Scales
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Pocty studentl na rlznych fakultach a podil muzi a Zen
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http://www.stat.auckland.ac.nz/~ihaka/120/Lectures/lecture03.pdf
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Pocty studentl na rlznych fakultach a podil muzi a Zen

Architecture Property & Planning
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/kresleni ska

* Transformace osy logaritmem ke
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/kresleni skalou .

e ...to samé bez transformace
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/kresleni skalou IV.

Chybéjici body na ose x — zkresleni linearity
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/kresleni ska

ou IV.

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
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/kresleni skalou V

Chybéjici body na ose x — zkresleni linearity
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/kresleni skalou V

Chybéjici body na ose x — zkresleni linearity
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/kresleni skalou VI

Nespravné zobrazeni jednorozmeérného nasobného rozdilu pomoci plochy
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/kresleni skalou VI

Nespravné zobrazeni jednorozmeérného nasobného rozdilu pomoci plochy

1_..
A

Trojnasobny rozdil pusobi jako devitindsobny
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/kresleni skalou VI

Nespravné zobrazeni jednorozmeérného nasobného rozdilu pomoci plochy

1_..
A

Trojnasobny rozdil pusobi jako devitindsobny Spravné zobrazeni
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/kresleni skalou VI.
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Average male height aged 21
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Zkresleni uhlem pohledu a 3D efekty

Item A

tem C > ltemA ?

By Smallman12qg - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20059374 I\/l U I\l I R E c E T 0 X



Zkresleni uhlem pohledu a 3D efekty

Item A

ltem C < ltem A !

N tem A

H|tem B
Hltem C

NitemD
tem C > ltemA ?

By Smallman12qg - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20059374 I\/l U I\l I | R E C E T 0 X
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Figure 1. Source: Erickson Times

https://www.forbes.com/sites/naomirobbins/2012/02/16/misleading-graphs-figures-not-drawn-to-scale/#7ea98afal5ef
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Faktor klamu

Velikost efektu v grafu
Velikost efektu v datech

Faktor klamu =

Faktor klamu >1 => zména v grafu je prehnana
Faktor klamu medzi 0 a 1 =>zmena v grafu neni dostatecné viditelna
Faktor klamu = 1 => perfektni reprezentace skute¢ného 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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Vybér spravneho grafu
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Grafy zobrazujici rozlozeni spojitych proménnych

* Histogram B y E{SFICOVV R
* Jednorozmérny * Prumér a 2°
bodovy graf chyba
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Krabicovy graf (box and whisker plot)

50% dat v boxe je v

Odlahla hodnota

Fuzy

“interkvartilovom rozmedzi”
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* Odlahlé hodnoty (neobvyklé hodnoty) — tie datové body, ktorych vzdialenost od boxu je vacsia
ako 1.5 krat interkvartiloveé 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 pfipad — 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 proménnych

* Kolacovy graf * Sloupcovy graf
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tooth length

Grafy zobrazujici asociaci kategorialni a spojité promeénné

* Krabicové grafy v
kategoriich

Guinea Pigs' Tooth Growth

35 —

30 E

25

20 _ N

- =

10 —

5 7 i

0 T 1 T
0.5 1 2

Vitamin C dose mg

100

80

60

40

20

il

e Kategorizovany sloupcovy graf

Death Rates in Virginia

il

0O 50-54
0O 55-59
0O 60-64
0O 6569
0O 70-74

L o

Rural Male

Rural Female

Urban Male Urban Female

MUNI RECETOX



Grafy zobrazujici asociaci dvou kategorialnich proménnych

 Mozaikovy graf

Survival on the Titanic
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Grafy zobrazujici asociaci dvou spojitych proménnych

* Dvouromeérny x-y graf
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Cviceni

e Ruzné datové soubory vs. 4 metody zobrazeni:

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

- Priimér +/- smérodatna odchylka

- Boxplot

Vlyberte nejvice a nejméné informativni graf co se tyka rozlozeni
hodnot, u kazdého datového souboru.
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Priklad 1. Nahodneé rozlozeni, N=400
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Priklad 2. N=37
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Priklad 3
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Priklad 4. N=4
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Proc se vyhybat sloupcovym grafum s chybou

3k 3k

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 — skresleni $kalou

Box plots with optional
ad Means as bar plots b Means as :(r:ri:t:;slots C means and 95% ClI
Not recommended 41 se.m. 95% Cl 4 -
37 & 31 3- I I 31
2 - 21 31 M 2 - 21
14 11 EI 1 1 I I 1
il R ]
0 - — 0 0- 0 1
ABC
-1 -

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
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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
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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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Kdy nejsou vhodné ani krabicove graty

KdyZ je jen malo bodu 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://www.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 IIl 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). 5 actin 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.
Ditferent letters mean statistical significance evaluated by Student's-t-test.
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2. Nevhodné zobrazenie Statisticke] vyznamnosti

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). § actin was used as an internal control. Data are repre-

sented as mea n score=6; 10 for Gleason score=7 and 10 for Gleason score=8.
itferent letters mean statistical significance evaluated by Student's-t-te
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3. Nevhodny graf !

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 > . Data are repre- H H
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4. Odlisné skaly na osi y

Figure 2 - Gene expression of collagen | and IIl 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). § actin 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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5. Redundantné grafy Ca D

Figure 2 - Gene expression of collagen | and IIl 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). § actin 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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