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Introduction

e “Statistical data mining’ .

e [ he goal is “knowledge” discovery in databases.

e Classic example is co-occurence in market-backets: Beer and diapers.

e Heterogeneous data analysis on text, numbers, images, ...

e Examples from Neuroinformatics (Neuroscience 4 informatics).
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Example: Neuroinformatics databases
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Figure 1: Screenshot of main window of Matlab
program for data entry of scientific article, here

(Jernigan et al., 1998).

Database containing data from sci-
entific articles in “human brain map-

ping’ .
Bibliographic information: Title, au-

thor, abstract.

T hree-dimensional coordinates, so-
called Talairach coordinates, that are
focal brain activations.

Experiment description: Brain scan-
ner, stimulus, response.

Linked to other databases (PubMed,
MeSH, fTMRIDC, Sensel.ab)
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Mining for novelty:

Automatic

with entries
cording to novelty
ness/interestingness).

generated list
sorted ac-
(outlier-

Comparing the “lobar anatomy”
field and Talairach coordinates.

By “manual investigation” one
finds that some of the interest-
ing are database entry errors.

How is this done?
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Representing text
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Figure 2: Bag-of-words matrix.

“Vector space model” or “bag-
of-words” . A matrix X(N x Q)
with N documents and (@
words/terms. Represented in
hash array.

A vector for each document con-
taining the presence or frequency
of words in the document.

The ordering of words is not rel-
evant.
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Modeling database items

i (Netscape: Different perceptual tasl
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Different perceptual tasks performed with the same visnal stirmlus attribute
activate different regions of the human brain: A positron emission tomography
s

® Paper-Id: 72
® First sthor: Dupont P

® Citation: Proceedings of the Matonal Academy of Sciences, 90, p10927-10931

3 Stimulus Resp i | Notes
1w Coovdin —

Location #1
"
v wowuue esin Talaivach, 1988 space:

» Coovdin: e as reported in experiment :

: occipital gyrus

i
A5 0P N2

Extraction of Talairach coordinate.
Example: x = (3.6,—-7.6,1.2).

Extraction of each word and phrase
from the field “Lobar anatomy’ .

Example ‘“lateral superior parietal”
{"lateral”, ‘“superior"”,
"parietal”, ‘“lateral superior”, ‘“su-
perior parietal”’, ‘“lateral superior
parietal” }.

— Cc €

Multiple data generated for one |o-
cation.
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Modeling Talairach coordinates

‘ ‘ | | | | Regard the “locations” as being gen-
W N | erated from a distribution p(x), where

Example locations

x is in 3D Talairach space.

I I I I I
-6 2 0 2 4 6

il M T M | Kernel methods (NN kernels centered
s L R . on each object: pu,) with homoge-
b a0 entan | neous Gaussian kernel in 3D Talairach
s ; ; ; : Space X
05 ‘ ‘ ‘ 0= 0.49 (LOO CV optima) ‘ ] 5(x) = (27-(-0-2)_3/2 N e_%%(x_ﬂn)Q

o2 fixed or optimized with leave-one-
out cross-validation.

Condition on, e.g., anatomical label,
behavioral domain c¢: p(x|c)
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Probability density for “cerebellum”

Condition on anatomical label:
p(x|c = cerebellum).

Evaluate each location with re-
spect to its probability densities:
its “novelty’ .

Robust estimate of p(x) by ex-
~ cluding the 5% most extreme lo-
~. cations in a two-stage scheme.

Figure 3: Densities from cerebellum locations. Yellow Novelty detection by comparing

glyphs are the original BrainMap locations. Grey wire- : ; ;
frame: Isosurface in the first level probability density es- all Talairach coordinates Xn with

timate. Green surface: Isosurface in the second level. their associated p(X|C).
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Finding similar items

[ WCOEXP 89 ] Passively viewed scenes.
Fassive viewing of cutdeor scenes,
Jurnished rooms, {andscopes and
landmarks, WOEXP: §2.

K. Epstein; I7. Kanswisher. A cosical reprezentation of the
focal vizwal envirgmment . Morre 30EGATE) 508 - 4601,
1903 PMID: 3560155, DOI: 10.1038/33403, WWOBIE: 27,

Perception, ¥ision — Places

Modality: fMRI

Asymmetry: 0.00000 {left: -1, right: +1)
YRMLEY file (61 Eb)

ﬂLuhar |Functiunal area|
—&

anatonny
18 J Parahippocampal
place area
_34||—a2 j Parahippocampal
place area

Related — positve correlated volumes

+2: 0.80010 {12 Buildings visual objects. Viszal odjec? stimuli: Building versus faces, WOEXP: 12,
I Lewvy; U Hasson, G Avidan, T Hendley; B Malach. Senter-penphery arganization af human adject areas.  Nat MNewrasol 4{5):053-9 2001,
PMIID: 11519363, DOI: 10.1038/87490. WOEBIE: 5.

+3: 049922 (12 Attention to musical instruments versus attention to consonant-vowels. Aitend fo
sound and press o button when the targed stimulus appegred. WOEHP: 42,

K. Hugdabl; I. Law; 5. Erllingsback; K. Broonick; 4. Gade; 0. B. Paulson. Sffeess of artention oa dledotie Nsteniag: an J55-PET study. | i Srain

Aapp L0257 - 07 2000, PRID: 10864233 WOBIE: 14

+4: 045377 (97 Visual object decision. Viseaf odject decision with nove! and chimeric, natiral and
ardefact fine drawings versus pattern discrimination, WOEXP: 96,

C.Gexlach; I. Law, &, Gade; 0. B, Paulson, Pereepraai differentiotion and cotegory s_@‘eEm Rormal odject recogaition. a FET stwdy, Sraia 122 Ft

11215970, 1995, PMID: 10545400, WWOERIE: 29,

Each experiment a volume:
p(x|experiment = "“89") = zgg
sampled on a fixed 8mm grid

Similarity as a raw correlation co-
efficient between two volumes

Sorted list of similar volumes.
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Image-based indices: ICA

Independent compo-
nent analysis of the
X(experiment x voxel)
data matrix:
X = AS + U. A is
the mixing matrix, S the
sources.

ICA components: hand
movement, visuospatial,
words/verbs, audition,
visual motion.

Figure shows both ends
of the third to sixth
source imadges s3,...,Sg.
Data from Brede.
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Image-based indices: Asymmetry

Left dominate ﬁsymmetrﬂ Right dominate

[WOEXP 5] Visnal artefact
object. Decision o
categorization of visuaf
artefact, WOEXP: 5.

0992902

[WOEXP 185] Spatial
neglect. Fatients with

spadinl neglect and right
braen daenage from infarct or
Aaemaorihage Versus right
brain dapndge patients
without spadicd neglect.
WOEXD: 185

-089212

[WOEXP 114] Categorization
of artefacts. Categorization of

visually presented qrtefucts
versus categorization of
natural objects, noaning of
artefacts and pattern
discriminadion, WOEXP: 114,

-0529212

[WOEXF 137] Names versus
occupation. Refrieval and
whispering of nammes from
[presented photogrophs of
|frces. Conjunction between

rewly lfeqrned face and fonous
[fece, WOEXE: 137,

-029212

“Experiment” left/right asymme-

| try: Count the number of locations

in the left side X
X N
Pgin = ) _ ( > 0.5%. (1)
0

Normalize the value to [-1;+41]
range with a =1 — 2Pgjn

N
X

When conditioning on anatomical
labels:

e Left dominate (-1):
‘area’, ..

‘motor’,
., 'broca s area’.

e Right dominate (41): ‘anterior
cerebellum’,
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Summary

Statistical data mining.
Heterogeneous data: text, and point sets (Talairach coordinates).
Transform the data to vectorial form.

Use statistical method to mine for knowledge.
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