[image: Chart

Description automatically generated]
[image: Graphical user interface, text, application, email

Description automatically generated]
[image: Graphical user interface, text, application, email

Description automatically generated]
[image: Graphical user interface, text, application, email

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated with medium confidence]

[image: Graphical user interface, text, application, email

Description automatically generated]
[image: Text

Description automatically generated]
[image: Diagram

Description automatically generated with medium confidence]
[image: Diagram

Description automatically generated with medium confidence]
[image: Graphical user interface, application

Description automatically generated]
[image: A picture containing chart

Description automatically generated]
[image: Graphical user interface, text

Description automatically generated with medium confidence]
[image: Graphical user interface, text, application, email, website

Description automatically generated]
[image: Graphical user interface, text

Description automatically generated]
[image: Graphical user interface, text, application, email

Description automatically generated]
image7.png
Heatmap

“The idiom of heatmaps i one of the simplest uses of the matri afigment: each cell i full occupied by an area mark encoding a single quantiative value
attibute with color. Heatmaps are often used with bioinformatics datasets.
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Figure 7.11 (above) Cluster heatmap. A heatmap provides a compact summary of a quantitative value atribute with 2D matri alignment by two key
attibutes and small area marks colored with a diverging colormap. The cluster heatmap includes trees dravn on the periphery showing how the matrx s
ordered according to the derived data of hierarchical lustrings in s rows and colums.

igom [Featmaps
[Table: o categorica key atrbutes (genes, conditons), one quantiative

[What: ta vale atrbute factiviy fev for gene in conditior)

[Fow: Encode. [2D matix lignmentof arca marks, divrging coor map.

Wiy Task Find dusters. outers. summarie

tems: one milion. Categorical ttibute levels: undreds. Quantitive
Jattibute levels: 3-11.
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Spatial Axis Orientation

An additional design choice with the use of space is how to orient the spatial axes: whether to use rectilinear, parallel, or radical layout.

() Axis Orientation
2 Rectilinear > Parallel 2 Radial

Lo sk

Example: Scatterplot Matrix v.s. Parallel Coordinates

Table Scatterplot Matrix Parallel Coordinates
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scatterplot matrix (SPLOM)

~rectilinear axes, point mark
~all possible pairs of axes
~scalability

« one dozen attributes
« dozens to hundreds of items
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parallel coordinates
~parallel axes, jagged line representing item
~rectilinear axes, item as point

~axis ordering is major challenge
~scalability

« dozens of attributes.
« hundreds of items
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Figure 7.13 (above) Parallel coordinates were designed to show correlation between neighbor axes. At the top, parallel lines show perfect positive
correlation. At the bottom, all of the lines cross over each other at a single spot in between the two axes, showing perfect negative correlation. In the

middle, the mix of crossings shows uncorrelated data.
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Radical layouts
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Example: ie chart
-area marks with angle channel
-accuracy: angle/area less accurate than i length

+ arc length also less accurate than in length,

‘Example: Polar area chart
~arca marks with length chanc!

~more directanalog to bar charts

- Daa

-1 categorica ey attibute, 1 quantitative value atribute
+ Tk

~partto-whole judgements.

Figure 7.17 (above) Pe chart versus bar chart accuracy.

X

[Alayered grammar of sraphics Wickham. Journ. Computationaland Graphical Statstis 19:1 2010, 3-28.]

Figure 7.18 (above) Reltive contrbutions of parts 103 whole. ) A single pie chart shows the relaive contributions of parts 0.2 whole. such as percentage.
using area udgements. (b) Each bar i a normalized stacked bar chart als0 sows the rlative contributions of parts 02 whole. with  higher accuracy length,
‘encoding. () Astacked bar chartshows the absolute counts in each bar, in contrast 0 the percentages when each bar i normalized 0 the same vertical

length.
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Chapter 8 - Arrange Spatial Data

The two main spatial data types are geometry, where shape information is directly conveyed by spatial elements that do not
necessarily have associated attributes, and spatial fields, where attributes are associated with each cell in the field.

Arrange Spatial Data
®) Use Given

2 Geometry
= Geographic
= Other Derived

= Spatial Fields
= Scalar Fields (one value per cell)
* Isocontours

» Direct Volume Rendering

= Vector and Tensor Fields (many values per cell)

* Flow Glyphs (local) MM
» Geometric (sparse seeds) RRA22
Rrran

> Textures (dense seed:
lextures (dense seeds) RRAAL

» Features (globally derived)
Figure 8.1
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Geographic data

Idiom: choropleth map

Achoropleth map shows a quantitative attribute encoded as color over regions delimited as area marks, where the shape of each region s determined by
using given geometry.

Figure 8.2 (above) http:/blocks.org/mbostock/4060606 =

Idiom Choropleth map

What: data Geographic geometry data. Table with one quantitative attribute per region.

Space: use given geometry for area mark boundaries. Color: sequential
segmented colormap.

How: encode
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Scalar fields: one value per cell

Geometry data used in vis can also arise from spatial data that is not geographic. It is frequently derived through computations on spatial fields.

Scalar fields: one value per cell

Ascalar field has a single value associated with each spatially defined cell. Scalar fields are often collected through medical imaging, where the measured
value is radio-opacity in the case of computed tomography (CT) scans and proton density in the case of magnetic resonance imaging (MRI) scans.

o @

Figure 8.3 (above) Spatial scalar fields shown with three different idioms. (a) A single 2D slice of a turbine blade dataset. (b) Multiple semitransparent
isosurfaces of a 3D tooth dataset. (c) Direct volumn rendering of the entire 3D turbine dataset.

data
~scalar spatial field
- 1 quantitative attribute per grid cell
task
~shape understanding, spatial relationships
isosurface
~derived data: isocontours computed for specific levels of scalar values
direct volume rendering

~transfer function maps scalar values to color, opacity

Required reading: Chapter 8 Arrange Spatial Data in the textbook.
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Vector fields: multiple values

Vector field datasets are often associated with the application domai

measurements.

Example: Flow Glyphs

ARNANZ
- -

of computational flui

dynamics (CFD), as the outcome of flow simulations or

Figure 8.8 (above) An empirical study compared human response to six different 2D flow vis idioms.

[Comparing 2D vector field visualization methods: A user study. Laidlaw et al. IEEE Trans. Visualization and Computer Graphics (TVCG) 11:1 (2005), 59-70.]

Example: similarity-clustered streamlines

Figure 8.9 (above) Geometric flow vis

fioms showing a parse set of particle traject

. with seeding and coloring according to similarity. (a) Streamlines: all

clusters equally opaque; purple cluster emphasized; red cluster emphasized. (b) Pathlines, colored by three clusters.
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diom [Similarity-clustered streamlines
What: data [Spatial field: 3D vector field

What: derived (Geometry: streamlines or pathlines

What: derived (One attribute per streamline/pathline (signature)

What: derived (Cluster hierarchy of streamlines/pathlines

[How: encode. |Use derived geometry of lines, color, and opacity according to cluster
Why: tasks [Find features, query shape

Scale [Field: millions of samples. Geometry: hundreds of streamlines.

Tensor Fields: Many values

Tensor fields can measure properties such as stress, conductivity, curvature, and diffu

Example: Ellipsoid Tensor Glyphs

@ ®

Figure 810. 20 iffusion lustrated with ink and paper. (a)Isotropic Kieenex. (b) Anisotropic
newspaper.
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Chapter 7 - Arrange Tables

The following figure (Fig. 7.1) shows the four visual encoding design choices for how to arrange tabular data spatially. One is to
express the values. The other three are to separate, order, and align regions. The spatial orientation of axes can be rectilinear, parallel,
or radical.

Arrange Tables
3 Express Values

—
3 Separate, Order, Align Regions
> Separate > Order > Align
S kel Ll.l.l.l
S 1Ky  d2Keys > 3Keys > ManyKeys
uist Matrix Volume Recursive Subdivision

=] B -
® Axis Orientation

* Rectilinear * Parallel » Radial
[l S,
N

® Layout Density
» Dense » Space-Filling
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Express qualitative values (scatterplots)

“The idiom of scaterplots encodes two quantitative value variables using both the vertical and horizontal spatia position channels and the mark type s
necessarilya point.

idiom [Scaterplots

[What: data [Table: two quantitative value attributes

o [Express values with vertical and horizontal spatal positon channels and
o Jpoint marks.

[Wihy: sk [Find trends.outlers, distrbution. corrlation; ocate clusters_

Scae tems: hundreds.

Example 1

Scatterplots are often augmented with color coding 10 show an additional atrbute. Size coding can also portay yet another attibute size-coded
Scatterplots are sometimes called bubbie plots. S Figure 7.2

Figure 7.2 (above). Scatterplol Each point mark represents a country, with horizontal and vertical spatial position encoding the primary quantitative
attibutes of e expectancy and nfant mortaity. The color channel i used for the categorical county attribute and the size channel for quantiative:
‘population atsibute.

Figure 7.3. (above) Scatterplos. (a) Oiginal diamond pric/carat data () Derived lg:scale atrbates are highy positively correlated. A ayered grammar of
sraphics Wickham, Jou. Computational and Graphical Statistics 19:1 2010, 3-28.]
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Separate, Order, and Align: Categorical Regions (Bar charts)

The use of space to encode categorical attributes is more complex than the simple case of quantitative attributes where the value can be expressed with
spatial position.

The semantics of categorical attributes does match up well
each other.

the idea of a spatial region: regions are contiguous bounded areas that are distinct from

Bar charts

ldiom  [Bar charts

Table: one
lquantitative
value
What: attributes,
Data |one
categorical
key
attribute.

Line marks,
lexpress
value
attributes
with
aligned
[How: |vertical
[Encode|position,
separate
key
attribute
with
horizontal
position

Lookup and
|compare
values

(Why:
[Task

Key
attributes:
Scale  |dozens to
hundreds of|
levels.
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‘Stacked bar charts: use a more complex glyph for each bar, where multiple sub bars are stacked vertically. Each subcomponent encodes a length-encoded
value. Stacked bar charts show information about multidimensional tables, specifically 2 two-dimensional table with two keys.

[Stacked bar

diom |

[Multidimensional
Table: one.
What: |quantitative
Data |value atributes,
[two categorical
ey attributes.
[Bar elyph with
length-coded
jsubconponents
lof value attribute
for each

[How: |category of
|Encode|secondary key
attribute.
[Separate bars by
lcategory of
lprimary key
attribute.
[Part-to-whole
Why: relationship,
[Task  [lookup values,
find trends

[Key attribute:
(main axis):
ldozens to
Ihundreds of
Scale levels. Key
attribute:
(stacked glyph
[axis): several to
Jone dozen.
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Figure 7.5 (above) The thor memory show cache misses stacked and colored by miss type.

[Using Visualizaion o Understand the Behaviorof Computer Systems. Bosch. . thsi.Stanford Computer Scence. 2001
-Data

+ 2categorical atibute, 1 quant atibute

~mark vertcalstack of line marks

+ glyph: composite object, internal structure rom multiple marks
~Channels

+ length and color hue
+ spatial regions: e per gyph

-aligned: ful glyph, lowest bar component

~unaligned: other bar components

Bample.

Figure 7.6 (above) Streaming graph of musiclstening history.

[Stacked Graphs Geometry & Aesthetics. Byron and Watenbers. IEEE TransVisuaization and Computer Graphic (Proc. InfoVis 2008) 14(6): 12451252, 20081
generalized stacked graph

-emphasizing horizontal continuity

-Data

+ L categorical key attribute (artis)
+ Lordered key atribute (time)
+ Lquantvalue atrbute (counts)

~derived data

+ geometry: layers, where height encodes counts.
+ L quant attrbute (layer ordering)
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line chart / dot plot

ine chart/ dot lot
+ onetey.onevalue

Data

- 2quntiative atibutes

Mark poins

+ lne connection marks betvieen them
Channets

« aligned lengths Lo express quant value
+ separated and ordered by key atrbute into horizonta regons.

Task
~find trend

~connection marks emphasize ordering o tems along key axis by explictly showing reationship betwieen one tem and the next.
Scalabilty

~hundreds o key levels, hundreds of value evels

Example

FELELEESS
w -

Choosing barvsfine charts
+ depends on type ofkey atributes
~bar charts if categorical
line charts i rdered
+ oot use fine charts for categorical key attributes
~violates expressivencss principle

+ implicaton of trend 50 ssong tha t verrides semantics!
+ “The more male a person s, the aller he/she s”
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[Bars and Lines:A Study of Graphic Communication. Zacks and Tersky. Memory and Cognition 27:6 (1999). 10731079,




