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What is exploratory data analysis?
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What is exploratory data analysis?

Tukey: Looking at data to see what it seems to say.

It is important to understand what you can do
before you learn to measure how well you seem to have done it.
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Uses of EDA

▶ Get a sense of things
▶ Data diagnostics (quality control)
▶ Hoping for an “a-ha” moment
▶ Following up “huh” moments
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Data diagnostics: principles
▶ What might have gone wrong?
▶ How could it be revealed?
▶ Make lots of plots

– scatterplots
– plots against time
– consider taking logs

▶ Check consistency between files
▶ Re-calculate derived variables and check that they match
▶ Outliers

– Real or error?
– Are the results affected?

▶ Don’t trust anyone, including yourself
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Messed up units
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Outliers
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Weird stuff I’ve seen
▶ 500 worksheet excel file where the middle 100 worksheets have the

variables arranged in a different order
▶ Weird rounding patterns
▶ Missing values that shouldn’t be, because derived values are not

missing
▶ Categorical data with inconsistent categories
▶ Missing value codes that weren’t mentioned and that could be real

values (e.g., 999)
▶ OMG dates
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Weird rounding
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Identifiers

▶ Are the subject IDs unique?
▶ Are there subject or gene IDs that don’t fit the typical pattern?

– 1e5 vs 100000
– hyphens turned into periods
– IDs that became dates

▶ Subjects in one file but not in another and vice versa
– Real, or messed up IDs?
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Missing values

▶ As intended?
▶ Below detection limit?
▶ Telling you something about sample quality?
▶ Introducing bias?
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Fitting a model can be useful
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Fit a smooth curve
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Follow up artifacts

They might be the most interesting results

17



Attie project
∼500 B6 × BTBR intercross mice, all ob/ob

▶ Genotypes at 2057 SNPs (Affymetrix arrays)

▶ Gene expression in six tissues (Agilent arrays)
– adipose
– gastrocnemius muscle
– hypothalamus
– pancreatic islets
– kidney
– liver

▶ Numerous clinical phenotypes
(e.g., body weight, insulin and glucose levels)

18



Intercross

P1 P2

F1 F1

F2
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Sex and the X chr

BTBR B6

F1

F2

Female Male
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Strong eQTL
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kNN classifier
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E vs G
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E vs G
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Prop’n mismatches
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Prop’n mismatches
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Prop’n mismatches
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Genotype mix-ups
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Another example

kbroman.org/blog/2012/04/25/microarrays-suck 34

https://kbroman.org/blog/2012/04/25/microarrays-suck


What the heck?

kbroman.org/blog/2012/04/25/microarrays-suck 34

https://kbroman.org/blog/2012/04/25/microarrays-suck


Dense box plots
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Follow up artifacts

They might be the most interesting results

36



37



Eucalypt genetic map
1 2 3 4 5 6 

0.0 '" 
0.0 .m 0.0 0.0 ;I�se 

0.0 0'" �1 1l '" ,IU ,. ."", ' " g427 " 
", .0'" ,., ;na 

•. , '.0 ,0029 • •• 
"1 C422 

••• •• " 
... . �, ". C184 

'" '" \2.3 92)7 941 ..... 1 �.4 ,-, 
1 '.2 gOgBA, �474 " '" 

1 a. , �!iSB 17,!I " .'� 
1 !I.I 91178 

19.3 " 1'.1 ,�, 
20. \ �, c187 2l.i 9'·2 IF ,,06;8 

'H 

I' 
U14..J " , c16!IC 

.�" H ,�, 2B. ' "' .. 
21.2 gOJ2.\, eU' ... " .J711A 21.1 ., .. 

""� 21.1 HII-l 
32.8 J'H 31.. .�. 32.1 9121 29.' ,42) 33.2 '" 

0423 �2�' 
3'.e 11-1 11-2 

,Ill "'j 'I' N12-' • • 
43.' 9I)88A 43.' 
45.7 gtlUB 52.1 � .. 4B.l BI2-1 
.. , cHI L1Z-! SIUI 812-1 ". , "" 52.' loIl-2 

".IU, II. J ,OlU. .'" ,�, Sl.O 0'9) 
clBO ... lUI "" ' ..., .,,, d�7 62.0 ;0'99 
d • Ii! .451S 81.54 "'00 11.8 u., •• sec 6'.1 e211 C 

... ".W .... 6B.1 .�, 

., .• e132 
18.1 ,421 71.1 51-\ 
7'.1 .- 14.' 11-\ 
71.2 ... ,4-2 

78.2 11.7 ,JliB 78.1 " 
7&.1 0171 82.1 "�, 

18.2 ,31 . .0. liS.' _ g3D 
" 78.' " 

'1.1 ,,421C 111.1 m 11.2 ",n <:41\ BJ.t 9412 
" ".0 "" 

111.1 94128 
, 01.1 IOU <00, 100.3 g"S 
"j'! 18N e211A 
". 107.' .", 

(18-' 
,,,., " 10\1 . 2 L12-2 

, 10.1 FI-2 110. I .m 110.1 ... ' 
lot1.7 1I7

'i 114.1 c421A 1\3 .• ,,,.., 110.1 c4278 
110.7 117. 115

.

:5 11'11-1 "1'1 
I II.' 111.� cOlO 111.2 _ WI1_2 

. . . 11 8.1 120.3 �"7 III. G�-: 120.7 - ;428 
1 H. lli.1 120.7 1;-2 122.7 �, 
121.2 121.8 I:l.' ,6-' 

121.2 128 .• I 21.0 -ill! 12'.5 , 

In.7 IlO.2 . _ cono 12'.7 " 
In. 130.11 Ill.' ;262 
I2t. Ill.: 13a.' 
13J.7 

1&-2 1 38 .1 
8342 IJI .• � .. 

13'.4 Ul.: ellS 1l8.1 6-, 
140.2 

14'.0 IU.7 cSIS H5.7 ,lin 

155.1 -l1f 00'" 151.1 -1+ ,Igl!I.I, 

Byrne et al., Theor Appl Genet 91:869–875, 1995
38



Meiosis
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CEPH pedigrees
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Crossover locations

Broman and Weber, Am J Hum Genet 66:1911–1926, 2000
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Crossover interference

Broman and Weber, Am J Hum Genet 66:1911–1926, 2000 43



Maternal chr 8
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Apparent triple XOs

Broman et al., In: Science and Statistics: A Festschrift for Terry Speed, 2003 45



Chr 8p inversion

Broman et al., In: Science and Statistics: A Festschrift for Terry Speed, 2003 46



Capturing EDA

▶ what were you trying to do?
▶ what you’re thinking about?
▶ what did you observe?
▶ what did you conclude, and why?
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Avoid

▶ “How did I create this plot?”
▶ “Why did I decide to omit those six samples?”
▶ “Where (on the web) did I find these data?”
▶ “What was that interesting gene?”
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Basic principles

Step 1: slow down and document.
Step 2: have sympathy for your future self.
Step 3: have a system.
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Capturing EDA

▶ copy-and-paste from a script
▶ grab code from the log (e.g., .Rhistory)
▶ Write an informal report (R Markdown or Jupyter)
▶ Write code for use with the KnitR function spin()

Comments like #' This will become text
Chunk options like so: #+ chunk_label, echo=FALSE
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If you torture the data long enough,
it will confess to anything.

– Tukey
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