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administrivia. ..



-exam on Tuesday

-data exploration grades are in
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last time . ..



FOCUS + CONTEXT

carefully pick what to show

hint at what you are not showing



Manipulate Facet Reduce

® Change (® Juxtapose ® Embed
RAPENCINE R > Elide Data

® Select (® Partition
® .. .E >
® Navigate ® Superimpose
< : : = Distort Geometry




what 1s elision?



what 1s elision?

focus items shown In detall, other tems
summarized for context



superimpose



superimpose
focus layer limited to a local region of view, instead
of stretching across the entire view



distort



distort

Use geometric distortion of the contextual regions to
make room for the details in the focus region(s)



distortion concerns

-unsuitable for relative spatial judgements
-overhead of tracking distortion

-visual communication of distortion
-oridlines, shading

-target acquisition problem
-lens displacing items away from screen location

-mixed results compared to separate views and
temporal navigation

-fisheye follow-up: concern with enthusiasm over
distortion

-what I1s being shown: selective filtering
-how It Is being shown: distortion as one possibility



today . ..



filtering

-aggregation



Reducing Items and Attributes

® Filter
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why reduce?



filter vs aggregation
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dynamic queries



2 |tems

filter i

elements are elliminateo > Attributes

SSS22 4 255

dynamic queries
coupling between encoding and interaction so that user can
mmediately see the results of an action



ITEM FILTERING

Ahlberg 1994



ITEM FILTERING

Ahlberg 1994



ITEM FILTERIN
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scented widgets

information scent: user's (Imperfect) perception of data

GOAL: lower the cost of information forging
through better cues
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DatasetB |= ¢ [ LocationA (22)
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s ) = RoNR 8 _—a- 8T8 s Dataset G hd created by:
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Willett 2007



interactive legends

controls combining the visual representation of static
legends with interaction mechanisms of widgets

define and control visual display together
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ATTRIBUTE FILTERING

Wang 2003



aggregate
a group of elements is represented by a new derived
element that stands in for the entire group
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item aggregation

number of students

histogram
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item aggregation

continuous scatterplot

Bachthaler 2008



item aggregation

hierarchical parallel coordinates

Fua 1999



item aggregation

box plot
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spatial aggregation




spatial aggregation




spatial aggregation




spatial aggregation

modifiable areal unit problem

N cartography, changing the boundaries of the
regions used to analyze data can yield dramatically
different results
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attnibute aggregation

1) group attributes and compute a similarity score across the set
2) dimensionality reduction, to preserve meaningful structure



attnibute aggregation

1) group attributes and compute a similarity score across the set
2) dimensionality reduction, to preserve meaningful structure
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A Tool for Comparative Spatial and Temporal Gene Expression Data

Miriah Meyer, Tamara Munzner,” Angela DePace; Hanspeter Pfister’

| Harvard University

2 University of British Columbia
3 Harvard Medical School
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AGCACGAA
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AGCACGAA
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grand
challenge -
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understand genomic source

of gene expression dynamics
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collaborators: DePace lab at Harvard Medical
School

model species: fruit fly




collaborators: DePace lab at Harvard Medical
School

model species: fruit fly

scientific goal: link changes in the regulatory
part of the genome to species variation




collaborators: DePace lab at Harvard Medical
School

model species: fruit fly

scientific goal: link changes in the regulatory
part of the genome to species variation

requires: characterize differences in gene
expression patterns between species




collaborators: DePace lab at Harvard Medical
School

model species: fruit fly

scientific goal: link changes in the regulatory
part of the genome to species variation

requires: characterize differences in gene

expression patterns between species

MulteeSum




process

two year collaboration
two early prototype systems

feedback from six biologists
informal interviews, emails
one day a week in biology lab

tool deployed

currently used several times a week



data & tool & tasks



gene expression is



gene expression is ...

... the measured level of how
much a gene is on or off.



gene expression is ...

... the measured level of how
much a gene is on or off.

... a single quantitative value.

0.2




gene expression is ...

... the measured level of how
much a gene is on or off.

... a single quantitative value.

collaborators measure it ...

.. for multiple time points.

time
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0.8




gene expression is ...

... the measured level of how
much a gene is on or off.

... a single quantitative value.

collaborators measure it ...

.. for multiple time points.

.. for multiple genes.

genes

time N
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gene expression is ...

... the measured level of how
much a gene is on or off.

... a single quantitative value.

collaborators measure it ...

.. for multiple time points.
.. for multiple genes.

... in many cells.
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measurements taken for every
cell in a single fruit fly embryo.
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virtual embryo



virtual embryo

several thousand cells
15,000 = 1,000]



virtual embryo

several thousand cells
15,000 = 1,000]

each cell has:



virtual embryo

several thousand cells
15,000 = 1,000]

each cell has:
expression profile

|6 time points x 50 genes]

genes
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virtual embr

several thousand cells
5,000 £ [,000]

each cell has:
expression profile

6 time points x 50 genes]

spatial position
3D and 2D coordinates
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virtual embryo

several thousand cells
15,000 = 1,000]

each cell has:
expression profile

|6 time points x 50 genes]

spatial position
3D and 2D coordinates]

| 2 related species

.

D. simulans

D. sechellia

D. melanogaster

D. yakuba

D. erecta
D. ananassae

D. pseudoobscura
D. persimilis
D. willistoni

D. mojavensis

D. virilis

D. grimshawi



virtual embryo

several thousand cells
15,000 = 1,000]

each cell has:
expression profile

|6 time points x 50 genes]
spatial position
3D and 2D coordinates]

| 2 related species
one complete

D. simulans

D. sechellia

D. melanogaster
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virtual embryo

several thousand cells
15,000 = 1,000]

each cell has:
expression profile

|6 time points x 50 genes]

spatial position
3D and 2D coordinates]

| 2 related species
one complete

three preliminary

D. simulans

D. sechellia

D. melanogaster

D. yakuba

D. erecta
D. ananassae
D. pseudoobscura

D. persimilis
D. willistoni

D. mojavensis

D. virilis

D. grimshawi



Curvemap

‘ o. séae TS LAY,
nOhooaoooﬂ%““&“ﬂﬂ.vﬂwmwﬂ*ﬂ&m&d&;fdﬂ"*#&“ﬂ%mo
RS

it %%.....a@

¢

il

1S S0-dpse.rc3

® e

2."05 0%,
el Y a
“l & 0. .. .. e Py
Y00, _0*
e *_e% 0

TIMAC

*" o
o0 o,

R

Summaries
Embryo Map




Curvemap

Summaries

15 S0-dpse. rc3
P

B

Sirls
AR
. 28 Y LAY
ARSI Rt
311334 wwﬁ.“, ST AN |

1315 ‘.¢M . _40.0 ¢ ..0. Fril. : i1113 it
L RL 5 oro.oo,oﬂ * 4 2844t uwm“u

\...n’“.‘..w

hﬂ“..ﬂﬁﬂ.oo..onw-o%&%ﬁ\.f«lﬂ.* w;.ﬂﬂﬁhk 3 oﬁﬂ\&ﬂ&“.“ﬁ...%.m\o’&m.“ﬁﬂ; °

. ; > .”“%-... .“,
o ooocoooh%’fu\“.‘.‘\“oﬁo G

e oo“o\us o

o

"¢ 0,00 o 0,
.raooooooooo.-
o...ﬂ.oooo

..o .*’ uooooo\o“o

SELECTEDCELL: 3932

Embryo Map




o
<
€|
O
>~
B

0
&
o

SELECTEDCELL: 3932




AORENOOOSE:



Curvemap

Summaries

15 S0-dpse. rc3
P

B

Sirls
AR
. 28 Y LAY
ARSI Rt
311334 wwﬁ.“, ST AN |

1315 ‘.¢M . _40.0 ¢ ..0. Fril. : i1113 it
L RL 5 oro.oo,oﬂ * 4 2844t uwm“u

\...n’“.‘..w

hﬂ“..ﬂﬁﬂ.oo..onw-o%&%ﬁ\.f«lﬂ.* w;.ﬂﬂﬁhk 3 oﬁﬂ\&ﬂ&“.“ﬁ...%.m\o’&m.“ﬁﬂ; °

. ; > .”“%-... .“,
o ooocoooh%’fu\“.‘.‘\“oﬁo G

e oo“o\us o

o

"¢ 0,00 o 0,
.raooooooooo.-
o...ﬂ.oooo

..o .*’ uooooo\o“o

SELECTEDCELL: 3932

Embryo Map




Curvemap

Summaries

-

J

%o o) oﬂ.&ouo
*ote ..?..a.... ; omou.r.?r.

e T

S eeeeTs
ot 88

: a....“_.u..,._:.“.m.“...i..:? .
Jagss : A} AL

- oooﬂ .n ooocootm%h“ “oooo B

. >*, o
’o:’%-’."oh“ﬂo‘”ﬂoﬂﬂoﬂ“‘oﬂ.\ﬁ‘m“o"w

SELECTEDCELL: 3932

Embryo Map

oty ot gt ol e

- Oooon\o'\ lonﬂoooooo\.ﬂuvﬂ o
so3dee%}

oo olfMoooooooo oo. cos

Sose s




expression profile




Curvemap

Summaries

: Pads®
s
BT Y

LA EANEAN
.ﬁ..not Ly 4 .

B _ooo“oo p 3
ittt
; :.:msz..m

e .“ .......00.“

? v

SELECTEDCELL: 3932

Embryo Map

ﬁ.........u.nzﬁmmwz 5 v m.m.m

°

Y
- F A
0.0.,‘... OQ&”O. W

CATH

ovo.

< . .."ﬁ.hp $1132dst
TR T
3 a....“_.u..,._:.".w.“...i...,t: )
325 % : A} AL

N

Wolse™ Pevo
N
A N T A
'NO\ NM% o““oﬁoﬁoo"booo' oo’oo
.hoo lfMoooooo.ooo ooo o S 2eg
IR




dmel_r2
2932




dmel_r2
2932
__

pse._rc:

3274
__

pse._rc:
2306
O

pse._rc:

3308 A&

hb




cells




Curvemap

¢ v i
o ®® TPy

..\o‘ ST BT PSS
|

a.'.n
e ‘o "0y
e%%s0 o .
T XL AN
L

SELECTEDCELL: 3932

Summaries
Embryo Map




Curvemap

0
)/

oy (SN 4
o L L

2

P AT p
awwm.wwwﬁmxt. 1

« . *332+34 L 492 .
»M R bt il i
il a@é, il

JIELY .“uwmwwm

Y

:“.:,........“””:_.z.rx.\ .... “\w.,a..“&».m..?.wﬁm&r:...
,ctmwu. S .2

3
SRR,
b o.o LA

*a
e ®

maries
LECTEDCELL: 3932

<

Embryo Map

Su




Characterize differences in gene expression
patterns between species.



Characterize differences in gene expression
patterns between species.

differences related to:
spatial position
gene expression profiles
complex combination

challenging to characterize manually

support mechanisms:
summatries, groups



summaries & groups



summary
a value for each cell that summarizes the underlying data



summary
a value for each cell that summarizes the underlying data
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summary
a value for each cell that summarizes the underlying data

expression
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summary

a value for each cell that summarizes the underlying data
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summary

a value for each cell that summarizes the underlying data

spatial

expression

combination
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distance to cell | gene J at timepoint k

compare embryos
A and B
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creating a comparison summary
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creating a comparison summary
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creating a comparison summary

)¢ De be 0 ® o
AXXXXILIXIXIXAXXIXXH
XXXXXX\XX:XIAXAIXXXXXXXXXXXX

s S ocee

DO ¢ e 000

1000000 ¢ > 090000000000000000000¢
XIXXXIXXXIXLIIXX";X e

embryo A



creating a comparison summary

root-mean-square distance

embryo A embryo B



creating a comparison summary
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creating a comparison summary

root-mean-square distance

embryo A embryo B



creating a comparison summary

root-mean-square distance

embryo A embryo B



creating a comparison summary

root-mean-square distance

similarity of each cell
to its best match in the
comparison embryo
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case study two:
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case study two:
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encodings & interaction



initially: biologists relied on
computational methods to explore data

goal: link underlying data with
computational results

visualize: triad of data



spatial layout
of cells

embryo map

visualize: triad of data



spatial layout temporal gene
of cells expression
embryo map curvemap [Meyer!0]

visualize: triad of data
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conclusions



Curvemap

contributions

MulteeSum

spatial and temporal gene
expression data from multiple species

= NN LONE

workflow
visualization supports upstream computation via summaries

validation
case studies, deployment



contributions

MulteeSum

spatial and temporal gene
expression data from multiple species

|3 |
Ll iyl

4 =lnd NI LIL LA

workflow

visualization supports upstream computation via summaries

validation

case studies, deployment

Cellular resolution comparison of gene expression in Drosophila
reveals coordinated shifts in the segmentation network.

DePace et. al, in preparation.



attnibute aggregation

1) group attributes and compute a similarity score across the set
2) dimensionality reduction, to preserve meaningful structure



dimensionality reduction

-‘PCA

linear approach

-new dimensions are weighted
combinations of original ones
-new dimensions created In
order of maximum variance

-MDS

-nonlinear class of approaches
-maximize differences In
distances from high dim space
N the low dim space

Ingram 2009



end of foundations...
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Analysis: What, why, and how

What?

* what is shown!?

—data abstraction

why is the user looking at it?

—task abstraction

How?

how is it shown?

—idiom: visual encoding and interaction

abstract vocabulary avoids domain-specific terms
—translation process iterative, tricky

what-why-how analysis framework as scaffold to
think systematically about design space



Datasets Attributes
@ Data Types @ Attribute Types
> Items = Attributes 2 Links > Positions > Grids 2 Categorical

+ O 0 A

(® Data and Dataset Types

Tables Networks & Fields Geometry  Clusters, > Ordered
Trees sets, lists > Ordinal
Items Items (nodes) Grids Items Items » ' '
Attributes Links Positions Positions
Attributes Attributes = Quantitative
—_

(3 Dataset Types (® Ordering Direction

= Tables > Networks = Fields (Continuous) )
2 Sequential
Attributes (columns) Grid of positions
Items Link L
Cell &< X ) X
(“’WS’J T Node > Diverging
(item)
Cell containing value Attributes (columns) <—I—>
Value in cell .
>
> Multidimensional Table > Trees Cyclic
o /IP\ O
Key 2
.4— Value in cell
Attribm
> Geometry (Spatial) @ Dataset Availability
= Static = Dynamic

. o .
@ L Position 0ue’ eq0 o —
°



Dataset types

@ Dataset Types

- Tables > Networks - Fields (Continuous) 2> Geometry (Spatial)
Attributes (columns) Grid of positions
>
I[tems Link cell & N
(rows) Position
T Node g
(item)
Cell containing value Attributes (columns)
-
Value in cell

2> Multidimensional Table > Trees

e AXI\

Key 2

.4— Value in cell

Attribm



Dataset and data types

(®) Data and Dataset Types

Tables Networks & Fields Geometry
Trees
Items Items (nodes) Grids Items
Attributes Links Positions Positions
Attributes Attributes

@ Data Types
> [tems = Attributes = Links = Positions

@ Dataset Availability

= Static = Dynamic
A .

Clusters,
sets, lists

ltems

> Grids
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Attribute types

() Attribute Types
2> Categorical

2 Ordered

+ ‘ . A = Ordinal

@ Ordering Direction

2 Sequential

>

« N

- Diverging

< ] >

= Quantitative

— |

2 Cyclic

O
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¥ Actions @ Targets

(3 Analyze (® AllData
= Consume = Trends = Qutliers = Features

= Discover > Present > Enjoy ‘ \/ . V‘/l\'[
] o |III|. il ‘ d ‘
/ : )q i, @

(® Attributes
= Produce

> Annotate = Record 2 Derive > One > Many

)’V “ ﬁ v EEEES ~\7< > Distribution = Dependency = Correlation - Similarity
.||I|||. o—eo ‘ i-' ‘ /

@ > Extremes
Search
.
Target known Target unknown
Location . . .
o te Llookup () Browse (® Network Data
Location ¢ @y.> [ocate < @-> Explore = Topology
unknown : : /, I { :
(® Query > Paths
2 |dentify > Compare =2 Summarise f\
. % R -
(O . ENEEEETENE .
e A (® Spatial Data
_/ = Shape

T



» {action, target} pairs
—discover distribution
—compare trends
—locate outliers

— browse topology

& Actions @ Targets
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High-level actions: Analyze

(®) Analyze
* consume
: - Consume
—discover vs present
) ] > Discover > Present > Enjoy
* classic split
* aka explore vs explain ol St allh @
. 4 / i
—enjoy 1
°* hewcomer - Produce
e aka casual, social = Annotate = Record = Derive
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* produce )W ) o

—annotate, record

—derive

* crucial design choice
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Actions: Mid-level search, low-level query

* what does user
know?

—target, location

* how much of the
data matters!

—one, some, all

@ Search

Location
known

Location
unknown

(® Query

= Identify

Target known Target unknown
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Why: Targets

(®) ALL DATA

2> Trends
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() ATTRIBUTES

> One

= Distribution
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2> Many

> Dependency

= Features
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(® NETWORK DATA
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> Paths
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() SPATIAL DATA
> Shape
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Encode
® Arrange ® Map
> Express > Separate from categorical and ordered
attributes
— .. . ..
\—' " > Color
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+ perception and design guidelines...
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L12: Tables
REQUIRED READING
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Chapter 7

Arrange Tables

The Big Picture

Figure 7.1 shows the four visual encoding design choices for how
to arrange tabular data spatially. One is to express values. The

other three are to separate, order, and align regions. The spatial
orientation of axes can be rectilinear, parallel, or radial. Spatial

layouts may be dense, and they may be space-filling.

Why Arrange?

The arrange design choice covers all aspects of the use of spatial
channels for visual encoding. It is the most crucial visual encod-
ing choice because the use of space dominates the user’'s mental
model of the dataset. The three highest ranked effectiveness chan-
nels for quantitative and ordered attributes are all related to spatial
position: planar position along an aligned scale, planar position
against a common scale, and length. The highest ranked effectiv-
ness channel for categorical attributes, grouping items within the
same region, is also about the use of space. Moreover, there are
no nonspatial channels that are highly effective for all attribute
types: the others are split into being suitable for either ordered
or categorical attributes, but not both, because of the principle of
expressiveness.

Arrange by Keys and Values

» A fifth arrangement
choice, 10 use a given spa-
tial layout, is not an option
for nonspatial information; it
is covered in Chapter 8.

» The primacy of the spa-
tial position channels is dis-
cussed at length in Chap-
ter 5, as are the principles
of effectiveness and expres-
siveness.




