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Plan for today

* Pitches

—60-80 min pitches
* 4 min each, up to 4 min Q&A after each

* break
* this week's reading

— Tables mini-lecture, Q&A / discussion

—Manipulate mini-lecture, Q&A / discussion
— TACO mini-lecture, Q&A / discussion



Next week

* to read & discuss (async, before next class)
—VAD book, Ch 12: Facet into Multiple Views
—VAD book, Ch |3: Reduce ltems and Attributes

— paper: Scalable Insets [technique]
* project groups
—finalized by Fri Oct 3 noon



Pitches



Break: 3:30-3:45



Mini-Lecture: Tables



Reduce

How?

Manipulate Facet
%> Map ® Change ® Juxtapose
&  from categorical and ordered v o . . .
attributes LI T
2 Color
> Hue > Saturation > Luminance  3) Select (® Partition
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a1 1)) ® Navigate ® Superimpose
- Shape <7D .. .
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2> Motion LA
Direction, Rate, Frequency, ...
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® Filter

3 Embed
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Some keys: Categorical regions

> Separate > Order > Align
"sH = 1
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Regions: Separate, order, align

> 1 Key > 2 Keys
> Separate > Order > Align E
O . [ ]
. L
L] > mamml

* separate into regions by any attribute: categorical or ordered
—regions: contiguous bounded areas distinct from each other
—no conflict with expressiveness principle for categorical attributes

—one glyph/mark per region
* then can use ordered attribute to order and align regions

—order in one direction (eg horiz), then align in other direction (eg vert)

—align: impose shared coordinate frame so absolute position has meaning

* difference between value and 0 point along axis



Separated

* best case

and aligned and ordered

Premier League team supported (all ..

Manchester United
Manchester City
Arsenal
Sunderland
Liverpool

Chelsea

Newcastle United
Everton

Stoke City
Tottenham Hotspur
West Ham United
Aston Villa

West Bromwich Albion
Fulham

Hull City

Crystal Palace
Cardiff City
Southampton

Swansea City

Norwich City .
0

60
Total Arrests &

80

90

100

110



Separated and aligned but not ordered

e limitation: hard to know rank. what's 4th? what's 7th?




Separated but not alighed or ordered

* limitation: hard to make comparisons with 2D size (vs alighed | D position)




ldiom: streamgraph

* generalized stacked graph

— emphasize horizontal continuity of "stacked"
attribute across time

not lookup for quant attribute at discrete time point

— data: 2 keys

| categ key attrib (movies)
| ordered key attrib (time)

| quant value attrib (counts)

— derived data/marks: polys, | mark per movie

vert |D size (height): count for movie at time
vert pos: unavailable

vert order: derived by algorithm

horiz pos/order: time

horiz size: unavailable

— scalability

dozens to hundreds of time keys (like stacked bar chart)

dozens to hundreds of movies keys (much more!)
— most layers don’t extend across whole chart

— but very few have readable labels (big ones static, others hover only)

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and
Computer Graphics (Proc. InfoVis 2008) 14(6): 1245—1252, (2008).]
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https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-y
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Siver Surfer



https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/

ldiom: line chart

* one key, one value
—data: 2 quant attribs: | key, | value

—mark:
* path: connecting mark between item values at each key

— could be piecewise-linear or smooth

* (could also use point marks at value locations)

—channels
* express quant value: horiz & vert pos/order

* vert |D size available (linewidth)
— paths: consider along the line as horizontal, other way as vert

* horiz size of each segment not available
—just shows interval between expressed values, often uniform
—task

* find trend

— connection marks emphasize ordering of items along key axis by
explicitly showing relationship between one item and the next

—scalability
* |K levels for value and key

Cat Weight (Ibs)

Avg Weight (lbs)
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Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

""" '\

18 0

Now Jan 1, 2070

[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]

If Bush Tax Cuts Expire

Now Jan 1, 2013



Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

— some exceptions (arbitrary 0, small change matters)

42 0%,
If Bush Tax Cuts Expire

Now Jan 1, 2070 Now Jan 1, 2013

Average gobal temperature by year
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[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]
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(a) Statistical process charts rely on comparison
to an expected value, and so deviations from that
value, not from zero, are important

(b) Index charts compare to an indexed value
rather than zero.

Cvae

(c) Stock charts must show small differences in
stock value, as these can translate to enormous
monetary gains or losses.
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(d) Climate Anomaly charts rely on both highlight-
ing deviation from a non-zero expected value but

also emphasize the potentially disastrous impact
of even minute changes in climate.



ldiom: Indexed line charts

* data: 2 quant attribs

— | key + | value

* derived data: new quant value attrib

—index

—plot instead of original value
* task: show change over time
— principle: normalized, not absolute

* scalability

—same as standard line chart

https://public.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

Revenues

Hover over State Seal

California State Revenues for Instructions @w
Fiscal Years Ending: 1951-2012

How does California make money and how have the sources changed over time? A look at the past 60 years of California

state revenues shows very clearly both the dotcom bubble and the sub-prime mortgage crisis as dips in personal income tax
of over $11B from the previous year.

1951 2012 Source of Revenue
Created by: Ben Jones
U ) | an v @DataRemixed
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FY Ending

Data Source: http://www.lao.ca.gov/lacapp/LAOMenus/lac_menu_economics.aspx
Download the Data: http://\www lac.ca.gov/sections/econ_fiscal/Historical_Revenues.xlsx


https://public.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

ldiom: Gantt charts

* one key, two (related) values

—data
* | categ attrib, 2 quant attribs

—mark: segment

—channels

* horiz position/order: start time & end time

—redundant: horiz length (1D size) is duration (end-start)
* vert order: task name/number, vert position: task
—task

* emphasize temporal overlaps &
start/end dependencies between items

—scalability
* dozens of key levels [bars]

* |K value levels [times, durations]

antt Chart: Sample Client

Task 7 /
Task 6 I
L]
]

Task 5

Task 4

Task 3 [

Task 2
as - Total Duration: 505 days

Task 1 - Total Resources: 3
Jan 2016 Apr 2016 Jul 2016 Oct 2016

https:/lwww.r-bloggers.com/gantt-charts-in-r-using-plotly/


https://graphics.stanford.edu/papers/rivet_argus/

ldiom: Slopegraphs

* express two values

— data

* 2 quant value attribs

* (optional: | derived attrib: change magnitude)

— mark: segment

* connecting mark between 2 values

— channels

* vertical pos/order, | axis per attrib: express value
* segment width (1D size, vert): change magnitude
* segment length (1D size, horiz): unavailable

e color

— task

* emphasize changes in rank/value

— scalability

e |K value levels

* dozens of items

Barclay's Premier League Tables:

Select

2012/2013 Points

(played 1I5)

Manchester United, 36

Manchester City, 33

West Bromwich Albion, 26

Everton, 23
West Ham United, 22

Arsenal, 21

Liverpool. 19

Fulham, 17

Newcastle United, 14
Sunderland, 13
Southampton. 12

(All)

Clubs to include:

Comparing 2012/2013 Starts to 2013/2014 Starts

M 2013/2014 . Better
(played 15) B Worse
v
Arsenal, 35

»

L S>L

#‘df

\\

S

Sop. -

-

<A~ —

,/\

https://public.tableau.com/profile/ben.jonestt!/vizhome/Slopegraphs/Slopegraphs

Liverpool. 30
Manchester City, 29
Everton, 28
Tottenham Hotspur, 27
Newcastle United, 26
Southampton. 23
Manchester United, 22
Aston Villa, 19
Stoke City, 17

West Bromwich Albion, 15

West Ham United, |13

Sunderland. 8


https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs

ldiom: heatmap

9
* two keys, one value 2 Keys

—data

* 2 categ attribs (gene, experimental condition)

* | quant attrib (expression levels)

— marks: point
* separate into regions, order and align both directions
* vertical & horizontal: position/order, shared boundaries, size unavailable
* orientation & 2D size unavailable

* indexed by 2 categorical key attributes

— channels

* color by quant attrib (ordered diverging colormap)
—task: find outliers, find clusters (if ordered well)
— scalability: asymmetric

* 100s of categ levels, up to |M items, but ~10 quant attrib levels

20



(® Axis Orientation

> Rect;

Ay

2> Parallel

21



ldioms: ¥adial bar chart, star plot

e star plot \l
— segment mark, axes meet at central point >‘_‘ e

* radial bar chart:

— segment mark, axes meet at central ring

* both: radial (polar) axes

* radial position/order/length for quant attrib
* angular position/order for other attrib

¢ b a— r C h a— rt: re Cti I i n ea— r (Ca rte s i a' n) axe S [Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management.

Booshehrian, Moller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon

°* ve rtical Position/o rder/I ength for q uant attri b Fraser University, School of Computing Science, 201 1.]

* horizontal position/order for other attrib

* accuracy

— high-precision rectilinear aligned position decoding
does not apply to radial layouts!

* lower-accuracy length judgement, not aligned position 2



ldiom: radar/spider chart

like line chart, but radial:

— connecting mark between multiple item
values

unlike rectilinear line chart

— closed, so mark is poly boundary
—vs rectilinear: open, so mark is path
options

— fill color for interior

* makes shape even more salient

— explicitly plotting point marks

other names

— Kiviat diagram, polar chart, ...

guidance: avoid unless data is cyclic

23


https://www.chartjs.org/docs/latest/charts/radar.html
https://r-graph-gallery.com/142-basic-radar-chart.html
https://r-graph-gallery.com/143-spider-chart-with-saveral-individuals.html

“Radar graphs: Avoid them (99.9% of the time)”
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BRANCOSC
NULOS

O oo mostva
Qe 08 Indioes.

o 830 makornos.
70O Not donio.

O Lt com
ke indin &

CL2%. A menor
nadce 6 de
Rocadma, 47%

redesign for
rectilinear

original
difficult to interpret

24



ldioms: pie chart, coxcomb chart

10000 - L clarity
o "
e data i - A
— | categ key attrib, | quant value attrib e 00of vez
11 SlI2 i;;xts;vswsxzvsm VS1
* pie chart: vary angular position, fix radial distance y =x§f
— poly marks o m-
* angular position/order/size by attribute (clarity), shared boundary . I ? clarity
* radial position/order/size is uniform & unavailable 800 Isj|2
* 2D size (area) unavailable (but varies linearly with angular 1D size) ggéé EWS1 A\ sl
— accuracy: angular position less accurate than rectilinear aligned position - ' zzf
VVS2 S
— task: part-to-whole judgements = T2
VVS1
» coxcomb chart: vary radial distance, ot M-
1 I 1 11 A layered grammar of graphics. Wickham.
unlformly dIStrIbUte angUIar POSItlon j[ourn).lComfgautationaI (fr;gd graphical Statistics

: : : 19:1 (2010), 3-28.]
— direct analog to bar charts, just radial

— poly marks
 angular ID size (width) is uniform & unavailable
* angular position/order is uniform, shared boundary
* radial position/order/size by attribute (clarity)

* 2D size (area) unavailable

25



Coxcomb / nightingale rose / polar area chart

* invented by Florence Nightingale:
Diagram of the Causes of Mortality in the Army in the East

. DIAGRAM or var CAUSES or MORTALITY

APRIL 1855 ro MARCH 1856.

IN THE ARMY IN THE EAST.

1

APRIL 1854 IO.MARCH 1855.

auns

-
-
-

% 998' .?\‘n_ S %

Unnye yaan®® s

The Areas of the blue; red. & black wedges are tack measured from
the cenlre as the commen. periea

The blue wedges measured from the cenire of the curele represent area
for area the deallis from Frevenidie. or Mitigable Zymolie diseases, the
red wedges measured from the cenire the deaths from. wounds, & the
black wedges measured from the cendre e deaths from all other causes

The Mack line acress the red triangle in Nov! 1554 maries the beundary
of the dealhs Trome all other cawses durag the montl

I October 1854, & April 1655, the black area comncides wntly the red.
wdanwary & February /858 the blie cotncides with the black:

The enlire areas may be compared by following the blue. the red & the
black lines enclosing them

[
Zz
m

1
BULCARIA

Y

JUL)’
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Coxcomb: perception

* nonuniform sector width as
length increases

— SO area variation is nonlinear wrt
mark length!

* encode: length

— | D angular size

* decode/perceive: area
— 2D size

* bar chart safer: uniform width, so
area is linear w/ mark length

— both radial & rectilinear cases

VVS1

i
o |

uniform width as length increases

VS1

VS2

nonuniform width as length increases

N P
¢I§

radial & rectilinear bars: uniform width as length increases

27



Pie charts: perception

 what do viewers decode!

* some empirical evidence that people
respond to arc length

Absolute Error relative to Pie (Precision)

—decode/perceive: not angles

—maybe also areas!...

* donut charts no worse than pie charts

[Arcs, Angles, or Areas: Individual Data Encodings in Pie and Donut Charts.
Skau and Kosara. Proc. EuroVis 2016.]

https://eagereyes.org/blog/20 | 6/an-illustrated-tour-of-the-pie-chart-study-results

28


https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results
https://github.com/dwskau/arcs-angles-area
https://github.com/dwskau/arcs-angles-area

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

https://eagereyes.org/pie-charts

29


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

 dubious for several levels if details matter

i i
2 3

S
| |

-

o I

https://eagereyes.org/pie-charts

30


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

 dubious for several levels if details matter

* terrible for many levels

A
5 1
2
4
3

25

20

15

10

($)]
|
- I

https://eagereyes.org/pie-charts

i
2

4

B
5 1
2
3
25
20

15

10

4

25

20

15

10

C
5
1
2
3

o NN

California, 37,000,000

Mississippi, 2,900, 0|

lowa, 3,000,000

Connecticut, 3,500,000

Oklahoma, 3,600,000
Oregon, 3,800,000
Puerto Rico, 4,000,000 Texas, 24,000,000
Kentucky, 4,300,000
Louisiana, 4,300,000

Carolina, 4,400,000
al

Colorado, 4,900,000 New York, 19,000,000

Minnesota, 5,200,000

South

Alabama, 4,600,000
Wiscensin, 5,600,000
M

aryland, 5,700,000
Missouri, 5,900,000\ __.aiit

Tennessee, 6,200,000 ‘gl

Indiana, 6,400,000

Massachusetts, 6,500,000

Arizona, 6,400,000 Pennsylvania, 12,000,000

Washington, 6,500,000
Ohio, 12,000,000
Virginia, 7,800.000—/

New lersey, 3‘700‘000—/ [ L \—Micmgan. 10,000,000
N C

North Carolina, 9,500,000 Georgia, 9,600,000
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https://eagereyes.org/pie-charts

Scatterplot tasks

e correlation

Perfect High

Positive Positive
Correlation Correlation

: 'l
L3
S o ®
00 °° 0. 0 N
o’ e
o® o ©
O ° ©
. <

.

Low
Positive
Correlation

)

0.5

)

No
Correlation

[

Low High Perfect
Negative Negative Negative
Correlation Correlation Correlation

A A
:" e :"}-'Q
0(- o
0 o - o
° e, N “ s,
¢ ¢ @

'

'
|

-0.5

-0.9 -1

https://www.mathsisfun.com/data/scatter-xy-plots.html
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https://www.mathsisfun.com/data/scatter-xy-plots.html

Scatterplot tasks

e correlation

Perfect High Low
Posttive Posttive Positive No
Correlation Correlation Correlation Correlation
Il [ ) )
o o '::‘
o? ¢ ;.o &
o -
O 0 °®

0.9 0.5

0

Perfect

High
Negative

Low

Negative Negative
Correlation Correlation Correlation
] | |
Q
-0.9

-1

https://www.mathsisfun.com/data/scatter-xy-plots.html

-0.5

* clusters/groups, and clusters vs classes

v, KA

o o R ° . )
.. . o... . .o . . . .:.oo °
...0 ° :.' P '.. * °e °
° °
.: o 0 O... L) .' . o : e
o ° oo o . o 000 o 0
e ® o o o '.Q.o
o o.' d ° ‘o: Yy, °
° ° °
° of o ¢ o.:. ? 'f
g .
.
L . .

https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/
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https://www.mathsisfun.com/data/scatter-xy-plots.html
https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/

Data SPLOM

ldiom: SPLOIM

¢ Scatte I"PIOt matriX e (® Axis Orientation
: 2 Rectilinear 2 Parallel 2 Radial
(SPLOM)

I RITR-
. !
—rectilinear axes,
point mark o

—all possible pairs of axes

—scalability
. S
* one dozen attribs S,
%
§,
e dozens to hundreds of )
items i
- &= "™ Wilkinson et al., 2005

34



ldioms: parallel coordinates

Math ‘ ’
>

* scatterplot limitation

— visual representation with orthogonal axes

— can show only two attributes with vert & horiz
position channels

Physics

Dance

Drama

after [Visualization Course Figures. McGuffin, 2014.

A

Scatterplot Matrix

Math

Math

85
20
65
50
40

A

» L—>» L
A . A . A
> > P
A ® A @ A [}
> > >
A A R A
> > >
Physics Dance Drama
Table
Physics Dance Drama
95 70 65
80 60 50
50 90 90
40 95 80
60 80 90

http://www.michaelmcguffin.com/courses/vis/]
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Http://www.michaelmcguffin.com/courses/vis/

I d |Om S. Parallel coordinates Scatterplot Matrix Parallel Coordinates

y . . . Math  Physics Dance Drama
* scatterplot limitation Math ‘ ' ‘ ' ‘ : ‘ : BT T S
> >
—visual representation with orthogonal axes R SRR S 90-
. . . Physics . . . s 80+
—can show only 2 attributes with vert & horiz . . . . 70- /
position channels T R P S 60‘\\/
. . ] Dance - ’ ’ ’ 50
* alternative: line up n axes in parallel to show . . > , 401
. . o o 301
n attributes with (vert) position on each (T T T 20-
Drama 0.
—vert position/order for each attribute value > > > > ..

Math Physics Dance Drama
—item encoded with | connecting mark: path

through value at each axis Table

. .
Para”el coordlnates Math  Physics Dance Drama

— parallel axes, path for item 85 95 70 65
* jagged, piecewise-linear by segment 90 80 60 >0

* vs rectilinear/Cartesian axes where item as point °> >0 70 70

50 40 95 80

—scalability 40 60 80 90

» dozens of attribs

. .
hundreds of items after [Visualization Course Figures. McGuffin, 2014.

http://www.michaelmcguffin.com/courses/vis/] 36



Http://www.michaelmcguffin.com/courses/vis/

Task: Correlation

* scatterplot matrix

— positive correlation
* diagonal low-to-high

— negative correlation
* diagonal high-to-low

—uncorrelated: spread out

* parallel coordinates

— positive correlation

* parallel line segments
— negative correlation
* all segments cross at halfway point

— uncorrelated

* scattered crossings

Low High Perfect
Negative Negative Negative
Correlation Correlation Correlation
| | |
w
-0.5 -0.9 -1

https://www.mathsisfun.com/data/scatter-xy-plots.html

Perfect High Low
Posttive Posttive Positive No
Correlation Correlation Correlation Correlation
' '} )
1 0.9 0.5 0
. A
| | | 3 }
| | |
Jl B
D '.-', s
N\ “*‘-?lj:?::\ K\
AN N >
v — — C
< AN
__,_-,‘.13 7 ,'/Z'_'.b,,v o~ =
o ’ P ety ) o D
g e, . .
~.. : e . - = o '.
: \ ."."_.- s $: '\
“ ' P ~ =
/& e SRR E
// TAEL
/ R
il 2 B2\ F
7 .«f‘:\-:};_,,‘-" "
R -., e o.A .\':‘::;"-‘-a;:.v_ X - H

Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating
Correlations of p = 1,.8,.2,0, —.2, —.8,and —1.

[Hyperdimensional Data Analysis Using Parallel Coordinates.

Wegman. Journ. American Statistical Association 85:41 |
(1990), 664-675.]
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https://www.mathsisfun.com/data/scatter-xy-plots.html

Parallel coordinates, limitations

* visible patterns only between neighboring axis pairs

* how to pick axis order?
—usual solution: reorderable axes, interactive exploration
—same weakness as many other techniques
* downside of interaction: human-powered search

—some algorithms proposed, none fully solve

cylinders displacement weight horsepower acceleration (0-60 mph) mileage year
9 456 59 In 5141 Ibs 231 hp 26 sec 48 mpg 83

3 68sqin 1613 Ibs 46 hp 8 sec 9 mpg 70
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ldiom: Slopegraphs

+ parallel coordinates special case
with only 2 axes

— mark: segment

* connecting mark between 2 values

— channels

* vertical pos/order, | axis per attrib: express value

* segment length (1D size, horiz): unavailable

* segment width (1D size, vert): change magnitude

* color

— task

* emphasize changes in rank/value

Barclay's Premier League Tables:

2012/2013

(played 1I5)

Manchester United, 36

Manchester City, 33

West Bromwich Albion, 26

Everton, 23
West Ham United, 22

Arsenal, 21

Liverpool. 19

Fulham, 17

Newcastle United, 14
Sunderland, 13
Southampton. 12

Comparing 2012/2013 Starts to 2013/2014 Starts

Select
Points v 2013/2014 . Better
Clubs to include: (played 15) W worse
(All) v
Arsenal. 35

Liverpool. 30
Manchester City, 29
Everton, 28

Tottenham Hotspur, 27

»

v}(¥
“'\;‘\Q\ ,

Newcastle United, 26

Southampton. 23

Manchester United, 22

,/\

. .\ \’» Aston Villa, 19

Stoke City, 17

West Bromwich Albion, 15

West Ham United, |13

Sunderland. 8

https://public.tableau.com/profile/ben.jonestt!/vizhome/Slopegraphs/Slopegraphs
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https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs

Layout density

(® Layout Density

> Space-Filling

2> Dense

40



ldiom: Dense software overviews

° data’: text (LOC) Continuous v”Statements - Variable Width v | —@

— | quant attrib: test results Test: |

[ LRIl

e derived data;:

”H‘

Iy
'Hlpum ||| I

— 2 quant attribs: min & max char pos

* mark: segment

T i |||uw

1
U g Y
|

| S [ |

 channels:

— color by test results

ll] | l‘ [ I‘IH |’ H“H

RIER

— within column, level |

— vert pos/order, | value: LOC order in program

|r|11
L 1|-|[1['||| '||11 | 1“1

— vert shared: yes

'11[-

—
.:__
=
—
=
=

—
P
-
—
-_
B

— vert size: unavailable (| pixel high, by idiom design)

a|l-Line 7254
7| Executions: 32 / 300

— horiz length (1D size): extent A Passed: 20 / 297

Failed: 3 7 3

— horiz pos/order, 2 values: min/max char

— not allgned, extent != max [Visualization of test information to assist fault localization. Jones, Harrold, Stasko. Proc. ICSE 2002, p 467-477.]
— across columns (global), level 2 (® Layout Density
— scanline wrap to fit long vertical line into square > Dense
essssees
* scalability: |OK+ lines 13111
00000000
H 4



Mini-Lecture: Manipulate



How to handle complexity: | previous strategy

= Derive

/.
—— WA

e derive new data to
show within view
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How to handle complexity: | previous strategy + | more

> Derive Manipulate
—— Vs ® Change
== N e ‘ © -
* derive new data to ® Select
show within view o .
* change view over time .
® Navigate

< >



Manipulate View



® Arrange

- Express

!

= Order

7
C
n
)

%

How?

- Separate

= Align

canam

® Map

from categorical and ordered

attributes

= Color

= Hue
HER

= Saturation = Luminance

2 Size, Angle, Curvature, ...

2 Shape
+ O B

> Motion

| /e

A

1)) D

Direction, Rate, Frequency, ...

) ]

Ce

.
1
b ‘.;

i

]

0
b, @

v
o
(.

N SN G e A

2Tl ¥ I

Facet

X >
<L 2t -

T3
) ’.

7. .
Bp /8
"l
|
Kl
M,
0

Reduce

Change

’ '1;' ® Navigate

<

® Juxtapose

(® Partition

(® Superimpose

(® Filter

e )

\_ \

v

K v

3 @
<~

R

A

Embed

33
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ldiom: Change parameters

* widgets and controls

—sliders, buttons, radio buttons,
checkboxes,

dropdowns/comboboxes
* pros
—clear affordances,
self-documenting (with labels)

®* CONS
— USES screen space

* design choices
—separated vs interleaved

e controls & canvas

The Growth of a Nation
Or....how the railroads changed the face of America in the 1800's

The following visualization shows land, population and railroad growth in 19th Century America.

The Year 1890

By 1890, there were more
than 165,000 miles of
railroad tracks across the
US. The massive railroad
corporations had paved
the way for other
corporations that grew
out of the industrial
revolution of that time
such as the Oriental
Telephone and Standard
Oil Companies. New
technologies such as the
telephone, light bulb and
motion pictures were
invented and became
more mainstream.

5,000-10,000 @ 100,000-250,000
10,000-25,000 @ 250,000-500,000
25,000-50,000 @ 500,000-1,000,000
50,000-75,000 @ 1,000,000-2,000,000
® 75,000-100,000 @ > 2,000,000

Display population by: Counwocity @ Display Railroads Select Year: O Play Sequence
Numbers by the Decade
Miles of (NN NN TN TN TN TN TN SNNNNY NN SNNNNY NN (NN VNN SN SN SN SN SN (NN NN SN NN TN (NN SN SN SN SN N SN SN SN S S
Railroad UM B S B B S S S B S B S B B B B B B B S R e R B S R B R R S |
Tracks:
Land Area: | [T [T ] ]
Population: COOOTT000000000000000000000000000000000000000
S
o o o o)
2 88 85,8 £58 A 553 £
SO NN ) o N o N &Y v o o A S & ANoo NN
SN TN PSS THAN o ¥ 2 ANS D D NS o ™
NN ‘b'\f NSFTITSIRNN, IFNIIT o IIN SETQOITES TS
~ bad A ~ N G ~ N & L 2 0 ~ o
&3 I R St Rt R E R E Lo
¥ é?@;;fg Lﬁ. S

& ¥
Legend: 1800 1810 1820 1830 1840 1850 1860 MM 1870 M 18s0 | 13950 | 1900

[Growth of a Nation](http://laurenwood.github.io/)

made with D3

Largest cities

New York, NY
Pnilacelphia, PA
St. Louis, MO

Baltimere, MD
San Francisco, CA
Cincinnati, OH
Cleveland, OH
Buffalo, NY
New Orleans, LA
Pittsburgh, PA
Washington, VA
Detroit, MI
Milwaukee, WI
Newark, NJ
Minneapoelis, MN
Jersey City, NJ
Louisville, KY
Omaha, NE
Rochester, NY
St. Paul, MN
Kansas City, MO
Providence, RI
Denver, CO
Indianapolis, IN
Allegheny, PA
Albany, NY
Columbus, OH
Syracuse, NY
New Haven, CT
Worcester, MA
Toledo, OH
Richmond, VA
Paterson, NJ
Lowell, MA
Nashville, TN
Scranton, PA
Fall River, MA
Cambridge, MA
Atlanta, GA
Memphis, TN
Wilmingten, DE
Dayton, OH
Troy, NY
Grand Rapids, M:
Reading, PA
Camden, NJ
Trenton, NJ
Lynn, MA
Lincoln, NE
Charleston, SC
Hartford, CT
St. Joseph, MO
Evansville, IN
Los Angeles, CA
Des Moines, |A
Bridgeport, CT
Oakland, CA
Portland, OR
Saginaw, M|
Salt Lake City, UT
Lawrence, MA
Springfield, MA
Manchester, NH
Utica, NY
Hoboken, NJ
Savannah, GA
Seattle, WA
Pecria, IL
New Bedford, MA
Erie, PA
Semerville, MA
Harrisburg, PA
Kansas City, KS
Dallas, TX
Sioux City, IA
Elizabeth, NJ

F33FE38

o O O O
§ &8s
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http://laurenwood.github.io

ldiom: Change order/arrangement

* what: simple table
* how: data-driven reordering

* why: find extreme values, trends

-1 > >
2 2
12% 3 g
13 g
[ [
11% 119
10% 10% |
9% 9
8% 8%
7% 7%
6% 6%
5% 5%
4% 4% |
3% 3% -
2% 2%
- . I I I N III.-
0% = * - * - * * 0% = -** * ﬂ—

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

[Sortable Bar Chart] https://observablehq.com/@d3/sortable-bar-chart
made with D3

|| Sort values - ¥ Sort values


https://observablehq.com/@d3/sortable-bar-chart

ldiom: Reorder System: DataStripes

* what: table with many attributes
* how: data-driven reordering by selecting column

* why: find correlations between attributes

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Color Bool Date
L] [ ] MR OU] ST [CNS— R [Tree—m—m" T CTORRERS M| N A — | |
= B == |

[ - I

—

—

_ |
— = =
B=

———— — ;

— .

B ==

= ==

[http://carlimanaster.github.io/datastripes/]
made with D3
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http://carlmanaster.github.io/datastripes/

ldiom: Animated transitions - visual encoding

e smooth transition from one state to another
—alternative to jump cuts, supports item tracking
* best case for animation

—staging to reduce coghnitive load

* Grouped Grouped
Stacked © | Stacked

[Stacked to Grouped Bars] https://observablehg.com/@d3/stacked-to-grouped-bars
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https://observablehq.com/@d3/stacked-to-grouped-bars

ldiom: Animated transition - tree detail

e animated transition

—network drilldown/rollup

[Collapsible Tree] https://observablehg.com/@d3/collapsible-tree

------------
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https://observablehq.com/@d3/collapsible-tree

Manipulate

(® Change over Time
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Interaction technology

* what do you design for?

—mouse & keyboard on desktop!?

* large screens, hover, multiple clicks

—touch interaction on mobile?

* small screens, no hover, just tap

—gestures from video / sensors?

* ergonomic reality vs movie bombast

—eye tracking?

Details first,
no zoom and filter,
overview on desktop only.

Mobile News Visualization Reality

Data visualization and the news - Gregor Aisch (37 min)
vimeo.com/1825902 14

| Hate Tom Cruise - Alex Kauffmann (5 min)

www.youtube.com/watch?v=QXLfT9sFcbc
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https://www.youtube.com/watch?v=QXLfT9sFcbc
https://vimeo.com/182590214

Manipulate

(® Change over Time

> /oom
Geometric

> Pan/Translate

<. D

= Constrained
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Navigate: Changing viewpoint/visibility

* change viewpoint
—changes which items are visible within view

* camera metaphor

— pan/translate/scroll

* move up/down/sideways

(® Navigate

= Pan/Translate

<. D
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ldiom: Scrollytelling

* how: navigate page by scrolling (panning down)

* pros:
—familiar & intuitive, from standard web browsing
—linear (only up & down) vs possible overload of

click-based interface choices

* cons.

—full-screen mode may lack affordances
—scrolljacking, no direct access

—unexpected behaviour
—continuous control for discrete steps

[How to Scroll, Bostock](https://bost.ocks.org/mike/scroll/)
https://eagereyes.org/blog/2016/the-scrollytelling-scourge

° Scroll To Start Animation

.............................................................................................. N
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https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://bost.ocks.org/mike/scroll/

Navigate: Unconstrained vs constrained

, o (® Navigate
* unconstrained navigation

, , = |tem Reduction
—easy to implement for designer

—hard to control for user 7 é‘;ﬁﬁetﬂc or Semantic
* easy to overshoot/undershoot ¢ e @ °
* constrained navigation - °
—typically uses animated transitions > Pan/Translate
—trajectory automatically computed based on selection <

* just click; selection ends up framed nicely in final viewport

= Constrained




ldiom: Animated transition + constrained navigation

* example: geographic map

—simple zoom, only viewport changes, shapes preserved

Zoom to Bounding Box

B

[Zoom to Bounding Box] https://observablehg.com/@d3/zoom-to-bounding-box
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https://observablehq.com/@d3/zoom-to-bounding-box

Interaction benefits

* interaction pros
—major advantage of computer-based vs paper-based visualization

—flexible, powerful, intuitive
* exploratory data analysis: change as you go during analysis process

* fluid task switching: different visual encodings support different tasks

—animated transitions provide excellent support

* empirical evidence that animated transitions help people stay oriented
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Interaction limitations

* interaction has a time cost
—sometimes minor, sometimes significant
—degenerates to human-powered search in worst case

* remembering previous state imposes cognitive load

* controls may take screen real estate
—or invisible functionality may be difficult to discover (lack of affordances)

* users may not interact as planned by designer
—NYTimes logs show ~90% don’t interact beyond scrollytelling - Aisch, 2016
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TACO



TACO:Visualizing Changes in Tables over Time
* TAble COmparison T

—technique paper

* change types

—add, remove, change, move

* overview: timeline with T T
stacked bars, pick 2

* high-level: aggregated
changes in ratio chart +
histos

Columns

e low-level: raw & diff heat
maps

[TACO:Visualizing Changes in Tables Over Time. Niederer, Stitz, Hourieh, Grassinger, Aigner, Streit. IEEE TVCG (InfoVis '17), 24(1): 677-686]
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TACO tasks & data

* tasks (explicitly identified, even though technique paper)
— T |: identify types of changes

* structural, content, reorder, merge/split (@) e & Remove

(b) Merge & Split

TableA | 3 (c b |d]|e a|b+c|d]|e

— T2: compare multiple table versions over time i A A
—T3: compare one table at two specific time points ™8| [o]c| [e[r] [z]p]c]d]e
—T4: present raw data tables and meta-data et lalblelefelt] [ofbre]b]

(c) Reorder (d) Content
.data TableA |a |c |b|d]e alblc|d]e
—homogeneous table (matrix) X Pl

b

TableB |a [b|c|d]|e

—union of all rows/columns

Result a

r o
AO
Q.
D

[TACO:Visualizing Changes in Tables Over Time. Niederer, Stitz, Hourieh, Grassinger, Aigner, Streit. IEEE TVCG (InfoVis '17), 24(1): 677-686]
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Visual encoding

e 2D ratio chart

—derived data
o diff table

—aggregation (Ch |2 next week)
* diff heatmap

—tie visual results to support for specific tasks
LY Yl

0P ol |
(a) Structure (b) Content (c) Merge/Split (d) Reorder
Legend
Added Change Removed Change Content Change -1 1
|:| No Change Reorder Change

[TACO:Visualizing Changes in Tables Over Time. Niederer, Stitz, Hourieh, Grassinger, Aigner, Streit. IEEE TVCG (InfoVis '17), 24(1): 677-686]

(a) Diff Table

cl c2 c3 c4

@ Ratios rl

r2

r3
r4
summarize 5

a

a

a

C

C

©

C

d

d

d

<
<

— 0.1 r7

— 0.15 r8
r9
r10

@ Columns

aggregate

Diff Histogram
(Columns)

C

QLo |||

cl c2

y

y
c3 c4

@ Rows @ Diff Histogram

rl
r2
r3
r4
r5
ré
r7
r8
ro
r10

(Rows)

aggregate
----------- >

Content Change

Added }Structuralé
Removed J Change

[ ]No Change

Columns Ratio

Rows Ratio

oo o

0.6

PR N
~rer 1r

Y

0.56 0.19 0.25

—
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Visual encoding: explanation / justification / rationale

* explain low-level design decisions & justify choices
* explicit discussion of alternatives wrt tasks

—vertical stacked bars (vs star plots or horizontal bars) to show change over time (T2)
— color for quant differences (vs size/length: unavailable given idiom choices)
—slope graphs (vs color: already many in use) for merge

* you will need to do this kind of justification in your projects
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Validation

* usage scenarios (created by authors)

—vs case study (created by target users)
* claim that draws on feedback session from target user
» different levels of evidence of utility / validity

—vs formal comparative evaluation

* argument: previous tools do not scale, so pointless to show

* detailed walkthrough of how visual encoding choices yield results

—you will need to do this for your projects

ded  Removed | CONMENE | Fecece

=
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v i o “ !
®
. . — — 0130222 2013032 2013042 2013082 | ®
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Backup Slides



Tables



Focus on Tables

@ Dataset TypesA

v

Cell containing value %¥

. > Multidimensional Table

) )

.4— Value in cell

Attributes K
z -;7 —’"’" z ".t “"1"7"_1 WX s i S ‘l ‘
¥ - \

“%|> Networks

> Jrees

Link

Node
(item)

> Spatial

> Fields (Continuous)

Grid of positions

Cell &

Attributes (columns)

e

Value in cell

2> Geometry (Spatial)

&)

Position
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Keys and values

* key
—independent attribute
—used as unique index to look up items
—simple tables: | key
—multidimensional tables: multiple keys

e value

—dependent attribute, value of cell

= Tables

Attributes (columns)
>

ltems

(rows)
v

Cell containing value

> Multidimensional Table

) )

Key 2

.4— Value in cell

Attribm
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Keys and values

* key
—independent attribute
—used as unique index to look up items
—simple tables: | key
—multidimensional tables: multiple keys

e value

—dependent attribute, value of cell

* classify arrangements by keys used
-0, 1,2, ..

2> 0 Keys > 1 Key > 2 Keys

(® Express Values

P

= Tables

Attributes (columns)
>

ltems

(rows)
v

Cell containing value

> Multidimensional Table

) )

Key 2

.4— Value in cell

Attribm
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ldiom: scatterplot

* express values (magnitudes)

— quantitative attributes

* no keys, only values

15000 -

10000 -

price

5000 -

(® Express Values

[A layered grammar of graphics.Wickham. |

carat
ourn. Computational and Graphical Statistics 19:1 (2010), 3—28.]
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ldiom: scatterplot

* express values (magnitudes)

— quantitative attributes

* no keys, only values

—data
* 2 quant attribs

15000 -

10000 -

—mark: points

price

—channels 5000 -
* horiz position/order

* vert position/order

(® Express Values

r——

,] OW O
10°
3
= 10 &=
Q.
| | | I J = -
1 2 3 4 ] O»u o) 10\ 4 107 Z
carat carat

[A layered grammar of graphics.Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]
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Idiom: scatterplot ® Express Values

* express values (magnitudes) °

— quantitative attributes

* no keys, only values

—data
* 2 quant attribs

15000 -

10000 -

—mark: points

price

—channels 5000 -
* horiz position/order

* vert position/order

carat carat
[A layered grammar of graphics.Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]

—tasks

* find trends, outliers, distribution, correlation, clusters

—scalability

e |K items

74



Scatterplots: Encoding more channels

* additional channels viable since using point marks
—color

—2D size (| quant attribute, used to control 2D area)
* note radius would mislead, take square root since area grows quadratically
—symbol

90 4
85 ~

80 —

o
o
40- o
o - .
75 - ® : ‘ o, o : . : 38- ® o] ¢ &
. .O £ .. . . o @ ( o o 0
70 @o ° © % 36— e} o o ¢
oo o o
‘.’ . 34- o o e oo o ¢ ¢
=5 @ oo B o
o 32— ° o0 o ¢ ¢ ¢
80 | _.°°o - - . e oo ¢ ¢+ ¢
. . 3.0- o o [ ) + ¢
o . .

¢
® + ¢4 ¢ L AN ¢
55 ¢ ¢
0 ¢ ¢ ¢ ¢+ ¢ ¢
°
50 o - O - + LR
“ym - 26— & ¢
0, o O ¢ ¢ o ¢
45 °
o
¢ o
40 ~ . 22— +
35 T T T T T T T T T 1
0 1,000 2000 3000 4000 5000 6000 7000 8000 9000 10,000

https://www.d3-graph-gallery.com/graph/bubble basic.html https://observablehqg.com/@d3/scatterplot-with-shapes



https://observablehq.com/@d3/scatterplot-with-shapes
https://www.d3-graph-gallery.com/graph/bubble_basic.html

Scatterplot tasks
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Scatterplot tasks

e correlation

Perfect High

Positive Positive
Correlation Correlation

: 'l
L3
S o ®
00 °° 0. 0 N
o’ e
o® o ©
O ° ©
. <

.

Low
Positive
Correlation

)

0.5

)

No
Correlation

[

Low High Perfect
Negative Negative Negative
Correlation Correlation Correlation

A A
:" e :"}-'Q
0(- o
0 o - o
° e, N “ s,
¢ ¢ @

'

'
|

-0.5

-0.9 -1

https://www.mathsisfun.com/data/scatter-xy-plots.html
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https://www.mathsisfun.com/data/scatter-xy-plots.html

Scatterplot tasks

e correlation

Perfect High Low
Posttive Posttive Positive No
Correlation Correlation Correlation Correlation
Il [ ) )
o o '::‘
o? ¢ ;.o &
o -
O 0 °®

0.9 0.5

0

Perfect

High
Negative

Low

Negative Negative
Correlation Correlation Correlation
] | |
Q
-0.9

-1

https://www.mathsisfun.com/data/scatter-xy-plots.html

-0.5

* clusters/groups, and clusters vs classes

v, KA

o o R ° . )
.. . o... . .o . . . .:.oo °
...0 ° :.' P '.. * °e °
° °
.: o 0 O... L) .' . o : e
o ° oo o . o 000 o 0
e ® o o o '.Q.o
o o.' d ° ‘o: Yy, °
° ° °
° of o ¢ o.:. ? 'f
g .
.
L . .

https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/

78


https://www.mathsisfun.com/data/scatter-xy-plots.html
https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/

Some keys

= 0 Keys

(® Express Values &

]

> 1 Key

‘e b .

List

2> 2 Keys
Matrix

O py ) g s ot b g S
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Some keys: Categorical regions

> Separate > Order > Align
"sH = 1
u «H B
. N Mi11 |



Regions: Separate, order, align

> 1 Key > 2 Keys
> Separate > Order > Align E
O . [ ]
. L
L] > mamml

* separate into regions by any attribute: categorical or ordered
—regions: contiguous bounded areas distinct from each other
—no conflict with expressiveness principle for categorical attributes

—one glyph/mark per region
* then can use ordered attribute to order and align regions

—order in one direction (eg horiz), then align in other direction (eg vert)

—align: impose shared coordinate frame so absolute position has meaning

* difference between value and 0 point along axis
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Separated

* best case

and aligned and ordered

Premier League team supported (all ..

Manchester United
Manchester City
Arsenal
Sunderland
Liverpool

Chelsea

Newcastle United
Everton

Stoke City
Tottenham Hotspur
West Ham United
Aston Villa

West Bromwich Albion
Fulham

Hull City

Crystal Palace
Cardiff City
Southampton

Swansea City

Norwich City .
0

60
Total Arrests &

80

90

100

110
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Separated and aligned but not ordered

e limitation: hard to know rank. what's 4th? what's 7th?
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Separated but not alighed or ordered

* limitation: hard to make comparisons with 2D size (vs alighed | D position)
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ldiom: bar chart (vertical)

* one key, one value
—data: | categ attrib, | quant attrib

Avg Weight (lbs)
N (@)
o (Oa] o

. @ (/’Z’}' >
—mark: segments (or length-coded points) S &
— Channels Animal Type
* separate by type into one mark per region 100

— order horizontally by some quant attrib

» alphabetical by attrib name (easy lookup)
» by same attrib as vert size (easy to see distributions, find extremes)

— horiz: position according to order, distribute at equal intervals along axis 3 3

Avg Weight (Ibs)
N U N
o 9] o Ul

* align vertically: express quant value with
Animal Type

— vert position/order, vert size
— segment: emphasize distance between value & 0 point on axis below

— task: compare, lookup values

— scalability

* dozens to hundreds of levels for key [# bars], |K values [lengths]
85



ldiom: stacked bar chart

* one more key

—data: 2 categ attrib (both keys), | quant attrib condition
* quant value indexed by categ pair {species, condition} 55

50 4

—multi-level encoding: 2 levels W o
* glyph: composite object, internal structure from multiple marks A
* entire-glyph level (full bar, by species) ]
* within-glyph level (stacked components, by condition for each species) 25-
—channels
* entire glyph (level 2): just like normal bar chart o
— separate by species, horiz order by species name, horiz position from order at equal intervals 5-
— vert position/order/size by value (for whole species) o roasee o —_-

* within-glyph (level 1)
— separate & color by condition, vert order alphabetical (by condition name)

—vert | D size (|en gth) iS Val ue, ve r'tical shar'ed bOU nd ary https://www.d3-graph-gallery.com/graph/barplot_stacked basicWide.html

. . https://r-graph-gallery.com/48-grouped-barplot-with-ggplot2.html
—vert position: unavailable except for lowest component

—mark: segment (or length-coded point mark)
—task: + part-to-whole relationship [components]
—scalability: asymmetric
* for stacked key attrib, 10-12 levels [components]
* for main key attrib, dozens to hundreds of levels [bars] 86


https://www.d3-graph-gallery.com/graph/barplot_stacked_basicWide.html
https://r-graph-gallery.com/

ldiom: streamgraph

* generalized stacked graph | | |
— emphasize horizontal continuity of "stacked" V \

attribute across time
* not lookup for quant attribute at discrete time point

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and
— data: 2 |(ey5 Computer Graphics (Proc. InfoVis 2008) 14(6): 1245—1252,(2008).]

* | categ key attrib (movies)
* | ordered key attrib (time)

* | quant value attrib (counts)

— derived data/marks: polys, | mark per movie
 vert |D size (height): count for movie at time

* vert pos: unavailable

vert order: derived by algorithm

horiz pos/order: time

* horiz size: unavailable



ldiom: streamgraph

* generalized stacked graph

— emphasize horizontal continuity of "stacked"
attribute across time

not lookup for quant attribute at discrete time point

— data: 2 keys

| categ key attrib (movies)
| ordered key attrib (time)

| quant value attrib (counts)

— derived data/marks: polys, | mark per movie

vert |D size (height): count for movie at time
vert pos: unavailable

vert order: derived by algorithm

horiz pos/order: time

horiz size: unavailable

— scalability

dozens to hundreds of time keys (like stacked bar chart)

dozens to hundreds of movies keys (much more!)
— most layers don’t extend across whole chart

— but very few have readable labels (big ones static, others hover only)

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and
Computer Graphics (Proc. InfoVis 2008) 14(6): 1245—1252, (2008).]

al Treasure; Bot
«’

https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-y

of the Phoenix

Siver Surfer
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https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/

ldiom: line chart

* one key, one value
—data: 2 quant attribs: | key, | value

—mark:
* path: connecting mark between item values at each key

— could be piecewise-linear or smooth

* (could also use point marks at value locations)

—channels
* express quant value: horiz & vert pos/order

* vert |D size available (linewidth)
— paths: consider along the line as horizontal, other way as vert

* horiz size of each segment not available
—just shows interval between expressed values, often uniform
—task

* find trend

— connection marks emphasize ordering of items along key axis by
explicitly showing relationship between one item and the next

—scalability
* |K levels for value and key

Cat Weight (Ibs)

Avg Weight (lbs)

20
15
10

20

o L1 O Uhn

O A & O O AN

QO Q' N N N AN

,9,19@,19%0,19
Year

O A & O O AN

QO Q' N N &N AN

DD A A DS
Year
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Choosing bar vs line charts »

/g 50 ’g 50 /
* depends on type of key attrib £ L
—bar charts if categorical g £
_|ine Charts |f Ordered 0 Female Male ° Female Male
° I 60 60
do not use line charts for o . P
categorical key attribs § §
= 30 = 30
—violates expressiveness principle o S 2
L 10 L 10
* implication of trend so strong that 0 0

. CI - 10-year-olds  12-year-olds 10-year-olds  12-year-olds
It overrides semantics!

—“The more male a person is, the
taller he/she is”

after [Bars and Lines:A Study of Graphic Communication.
Zacks and Tversky. Memory and Cognition 27:6 (1999),
1073—1079.]
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Chart axes: label them!

* best practice to label
—few exceptions: individual small multiple views could share axis label

T THINK WE SHOULD MAYBE YOURE RGHT.
GIVE IT ANOTHER SHOT. [ I KN DATA WaUD CONVINCE YOU.
\”Egmg BREAK| | | oo ReToNs GETER T STEONE WK
" erve || 1 HOH. DOESN'T LABELHER AXES,

QD@ |1~ || O \/% %

https://xkcd.com/833/


https://xkcd.com/833/

Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

""" '\

18 0

Now Jan 1, 2070

[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]

If Bush Tax Cuts Expire

Now Jan 1, 2013

92



Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

— some exceptions (arbitrary 0, small change matters)

42 0%,
If Bush Tax Cuts Expire

Now Jan 1, 2070 Now Jan 1, 2013

Average gobal temperature by year

- '\

v
e )

" "‘—‘h e e e ™ - . ‘wQ\LI.

13 e .Jl,\ ‘J
o .

- 4 0y p J‘ V‘J‘-\y \AJNV

" - \J
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[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]
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(a) Statistical process charts rely on comparison
to an expected value, and so deviations from that
value, not from zero, are important

(b) Index charts compare to an indexed value
rather than zero.

Cvae

(c) Stock charts must show small differences in
stock value, as these can translate to enormous
monetary gains or losses.

A ¥ Al
"""""
MY

.;".'\"I
l‘\'i'

19 - e - ppn

1 ) I['I‘Iv\""

'..W‘-'.‘hv'\"""\
(d) Climate Anomaly charts rely on both highlight-
ing deviation from a non-zero expected value but

also emphasize the potentially disastrous impact
of even minute changes in climate.
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ldiom: Indexed line charts

* data: 2 quant attribs

— | key + | value

* derived data: new quant value attrib

—index

—plot instead of original value
* task: show change over time
— principle: normalized, not absolute

* scalability

—same as standard line chart

https://public.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

Revenues

Hover over State Seal

California State Revenues for Instructions @w
Fiscal Years Ending: 1951-2012

How does California make money and how have the sources changed over time? A look at the past 60 years of California

state revenues shows very clearly both the dotcom bubble and the sub-prime mortgage crisis as dips in personal income tax
of over $11B from the previous year.

1951 2012 Source of Revenue
Created by: Ben Jones
U ) | an v @DataRemixed
$40,000M
5
g
< $20,000M
,-—“/—/ —
— — 2
SOM -
3 $10,000M
>
2
2 /
s
o A \ f
= SOM - - /\ -
£ v
®
g
G (510,000M)
1950 1960 1970 1980 1990 2000 2010

FY Ending

Data Source: http://www.lao.ca.gov/lacapp/LAOMenus/lac_menu_economics.aspx
Download the Data: http://\www lac.ca.gov/sections/econ_fiscal/Historical_Revenues.xlsx
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ldiom: Gantt charts

* one key, two (related) values

—data
* | categ attrib, 2 quant attribs

—mark: segment

—channels

* horiz position/order: start time & end time

—redundant: horiz length (1D size) is duration (end-start)
* vert order: task name/number, vert position: task
—task

* emphasize temporal overlaps &
start/end dependencies between items

—scalability
* dozens of key levels [bars]

* |K value levels [times, durations]

antt Chart: Sample Client

Task 7 /
Task 6 I
L]
]

Task 5

Task 4

Task 3 [

Task 2
as - Total Duration: 505 days

Task 1 - Total Resources: 3
Jan 2016 Apr 2016 Jul 2016 Oct 2016

https:/lwww.r-bloggers.com/gantt-charts-in-r-using-plotly/
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https://graphics.stanford.edu/papers/rivet_argus/

ldiom: Slopegraphs

* express two values

— data

* 2 quant value attribs

* (optional: | derived attrib: change magnitude)

— mark: segment

* connecting mark between 2 values

— channels

* vertical pos/order, | axis per attrib: express value
* segment width (1D size, vert): change magnitude
* segment length (1D size, horiz): unavailable

e color

— task

* emphasize changes in rank/value

— scalability

e |K value levels

* dozens of items

Barclay's Premier League Tables:

Select

2012/2013 Points

(played 1I5)

Manchester United, 36

Manchester City, 33

West Bromwich Albion, 26

Everton, 23
West Ham United, 22

Arsenal, 21

Liverpool. 19

Fulham, 17

Newcastle United, 14
Sunderland, 13
Southampton. 12

(All)

Clubs to include:

Comparing 2012/2013 Starts to 2013/2014 Starts

M 2013/2014 . Better
(played 15) B Worse
v
Arsenal, 35

»

L S>L

#‘df

\\

S

Sop. -

-

<A~ —

,/\

https://public.tableau.com/profile/ben.jonestt!/vizhome/Slopegraphs/Slopegraphs

Liverpool. 30
Manchester City, 29
Everton, 28
Tottenham Hotspur, 27
Newcastle United, 26
Southampton. 23
Manchester United, 22
Aston Villa, 19
Stoke City, 17

West Bromwich Albion, 15

West Ham United, |13

Sunderland. 8

96


https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs

2 Keys

= 0 Keys

(® Express Values

° ] >

2> 2 Keys
Matrix 3
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ldiom: heatmap

9
* two keys, one value 2 Keys

—data

* 2 categ attribs (gene, experimental condition)

* | quant attrib (expression levels)

— marks: point
* separate into regions, order and align both directions
* vertical & horizontal: position/order, shared boundaries, size unavailable
* orientation & 2D size unavailable

* indexed by 2 categorical key attributes

— channels

* color by quant attrib (ordered diverging colormap)
—task: find outliers, find clusters (if ordered well)
— scalability: asymmetric

* 100s of categ levels, up to |M items, but ~10 quant attrib levels
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Heatmap reordering

Correlation Matrix: Variables in Alphabetical Order

1.0
Cylinders

EnqgineSize - - -

Horsepower —0.5

Invoice

Length -
—0.0

MPG_City

MPG_Highway - -

MSRP —-0.5

Weight - -
Wheelhase -
-1.0

order by attrib name (alphabetical)

Correlation: Variables in Clustered Order

Length

Wheelbase -

Weight
EngineSize

Cylinders

Horsepower

MSRP -

Invoice

MPG_Highway -

MPG_City

order by derived attribute (data-driven clustering)

https://blogs.sas.com/content/iml/2018/05/02/reorder-variables-correlation-heat-map.html
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https://blogs.sas.com/content/iml/2018/05/02/reorder-variables-correlation-heat-map.html

ldiom: cluster heatmap

* in addition

— derived data

e 2 cluster hierarchies

—dendrogram
* parent-child relationships in tree with connection marks

* leaf aligned positions so interior branch heights easy to compare
—heatmap
* marks vert & horiz order & position by derived attrib

— from cluster hierarchy traversal

* task: assess quality of clusters found by automatic methods

L EREEEEE s

55555555555

888888888888

100




Visualization Analysis & Design

Tables (Ch 7 revised) II

Tamara Munzner
Department of Computer Science (@ @tamara@vis.social

University of British Columbia W @tamaramunzner



https://vis.social/@tamara

(® Axis Orientation

> Rect;

Ay

2> Parallel
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ldioms: ¥adial bar chart, star plot

e star plot \l
— segment mark, axes meet at central point >‘_‘ e

* radial bar chart:

— segment mark, axes meet at central ring

* both: radial (polar) axes

* radial position/order/length for quant attrib
* angular position/order for other attrib

¢ b a— r C h a— rt: re Cti I i n ea— r (Ca rte s i a' n) axe S [Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management.

Booshehrian, Moller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon

°* ve rtical Position/o rder/I ength for q uant attri b Fraser University, School of Computing Science, 201 1.]

* horizontal position/order for other attrib

* accuracy

— high-precision rectilinear aligned position decoding
does not apply to radial layouts!

* lower-accuracy length judgement, not aligned position 103



ldiom: radar/spider chart

e |like line chart, but radial:

— connecting mark between multiple item
values

* unlike rectilinear line chart
— closed, so mark is poly boundary
—vs rectilinear: open, so mark is path

* options
—fill color for interior

* makes shape even more salient

— explicitly plotting point marks

e other names

— Kiviat diagram, polar chart, ...

* guidance: avoid unless data is cyclic

104



https://www.chartjs.org/docs/latest/charts/radar.html
https://r-graph-gallery.com/142-basic-radar-chart.html
https://r-graph-gallery.com/143-spider-chart-with-saveral-individuals.html

“Radar graphs: Avoid them (99.9% of the time)”

" - N nIa -
. - /

O gridfico mostra os percentuais obtidos

por Diima. Sevra e Marina em cada Estado

A concentragdo dos volos de Dima no

Nordeste fica eviderte

Ossinaisda
bissola eleitoral

Disputa de 2010 fol parecida com a de 2006

ARero Caleo, Adandoe Mansa, Cartos [du do Crez Gaucla,
Eisew Barvela Jandor, Mar 0o Vergodtl @ Ricardo Mendoca

doSerra: S2.2%

O PRIMEIRO TURNO c3 ¢10iC30 presidencial e 2010 fol
muito parecido com o da disputta de 2006, A petista Dima
Roussef! teve apenas L7 ponto percentual a menos que

0 Indice obido pelo presidente Luka QuUatro anos atrds A
CONCENtracdo Malor de seus votos também fol no Nordeste.
Dessa vez porém. 3 disputa fol um powco menos polarizada
08 VOl08 QUE PrOVOCIEam SeQUNTO tUrNO foram dividaos
entre 0 tCaNo José Serra ¢ a verde Maring Sliiva.

Eleitoves: 135504433, abstencio: 24630 296 (1812%) INFLUENCIAS REGIONAS

volos vildos: 101550 153 (91 36%), valos vancos: Os chentistas politicos explicam algumas -
3479340 (R13%) @ volos nubos: 6124 254 (5.51%) paricubaridedes regiemals ne eacoth enire '
Dilma, Marina e Serra REDUTOS DE MARINA A vitoria
Candidatos o Votos S0 Naring na Regido 005 Lagos
1 ¢ RORAMA A praterdnOn pir Se1a DO0e 347 e300 02 D pode s expACata Dt D esenia
Diva Rousselion E——— 4G9% (17651400 TePUANIZICI0 425 Yerras Indigenas de RaposaTema 40 Sol NS 202 DIt Feden e

Que 1erla 2elads 2 aCONOMl loca

Jove Serracmee e J20% a2 250 o«
Maring Sdva owy e 1% (19,636 359) ACRE N0 e31200 S Marna Serra vancew 12 leve 39% on o N
1 i l R0 B a0 @ Orenow pavte O o po e ”
Viana ). Com 25 bases e
Outros vandidatos
Phove orsot) v v - e . " .
mmsmun-o‘ Il()\\ (.dLl] state \()u-({ & [Dilma Roussefl —& José Serra o—& Marina Silva
26 Muria o1
Levy Fodu oerm 1012
o P oCe
s Conta Pamerta 00008
7%
1)
2% >
.x:‘— ! .'_—"
s o fom et g o [l i s Pov (e Il Pwaet Eaide v fed bty '
l'l‘li) RO AC AM RR PA .\l: 'M.\ PI CE RN PR PE AL SE B:\.. .'\((; ES R Sl: .I’R SC R?i i\lS GO DF .\('l"
NOKRIH NORTH EAST SOUTH EAST SOUTH CENTER WEST

http://www.thefunctionalart.com/2012/1 | /radar-graphs-avoid-them-999-of-time.html|

BRANCOSC
NULOS

O oo mostva
Qe 08 Indioes.

o 830 makornos.
70O Not donio.

O Lt com
ke indin &

CL2%. A menor
nadce 6 de
Rocadma, 47%

redesign for
rectilinear

original
difficult to interpret
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ldioms: pie chart, coxcomb chart

10000 - L clarity
o "
e data i - A
— | categ key attrib, | quant value attrib e 00of vez
11 SlI2 i;;xts;vswsxzvsm VS1
* pie chart: vary angular position, fix radial distance y =x§f
— poly marks o m-
* angular position/order/size by attribute (clarity), shared boundary . I ? clarity
* radial position/order/size is uniform & unavailable 800 Isj|2
* 2D size (area) unavailable (but varies linearly with angular 1D size) ggéé EWS1 A\ sl
— accuracy: angular position less accurate than rectilinear aligned position - ' zzf
VVS2 S
— task: part-to-whole judgements = T2
VVS1
» coxcomb chart: vary radial distance, ot M-
1 I 1 11 A layered grammar of graphics. Wickham.
unlformly dIStrIbUte angUIar POSItlon j[ourn).lComfgautationaI (fr;gd graphical Statistics

: : : 19:1 (2010), 3-28.]
— direct analog to bar charts, just radial

— poly marks
 angular ID size (width) is uniform & unavailable
* angular position/order is uniform, shared boundary
* radial position/order/size by attribute (clarity)

* 2D size (area) unavailable
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Coxcomb / nightingale rose / polar area chart

* invented by Florence Nightingale:
Diagram of the Causes of Mortality in the Army in the East

. DIAGRAM or var CAUSES or MORTALITY

APRIL 1855 ro MARCH 1856.

IN THE ARMY IN THE EAST.

1

APRIL 1854 IO.MARCH 1855.

auns

-
-
-

% 998' .?\‘n_ S %

Unnye yaan®® s

The Areas of the blue; red. & black wedges are tack measured from
the cenlre as the commen. periea

The blue wedges measured from the cenire of the curele represent area
for area the deallis from Frevenidie. or Mitigable Zymolie diseases, the
red wedges measured from the cenire the deaths from. wounds, & the
black wedges measured from the cendre e deaths from all other causes

The Mack line acress the red triangle in Nov! 1554 maries the beundary
of the dealhs Trome all other cawses durag the montl

I October 1854, & April 1655, the black area comncides wntly the red.
wdanwary & February /858 the blie cotncides with the black:

The enlire areas may be compared by following the blue. the red & the
black lines enclosing them

[
Zz
m

1
BULCARIA

Y

JUL)’
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Coxcomb: perception

* nonuniform sector width as
length increases

— SO area variation is nonlinear wrt
mark length!

* encode: length

— | D angular size

* decode/perceive: area
— 2D size

* bar chart safer: uniform width, so
area is linear w/ mark length

— both radial & rectilinear cases

VVS1

i
o |

uniform width as length increases

VS1

VS2

nonuniform width as length increases

N P
¢I§

radial & rectilinear bars: uniform width as length increases
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Pie charts: perception

 what do viewers decode!

* some empirical evidence that people
respond to arc length

Absolute Error relative to Pie (Precision)

—decode/perceive: not angles

—maybe also areas!...

* donut charts no worse than pie charts

[Arcs, Angles, or Areas: Individual Data Encodings in Pie and Donut Charts.
Skau and Kosara. Proc. EuroVis 2016.]

https://eagereyes.org/blog/20 | 6/an-illustrated-tour-of-the-pie-chart-study-results 109


https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results
https://github.com/dwskau/arcs-angles-area
https://github.com/dwskau/arcs-angles-area

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

https://eagereyes.org/pie-charts
110


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

 dubious for several levels if details matter

i i
2 3

S
| |

-

o I

https://eagereyes.org/pie-charts


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

 dubious for several levels if details matter

* terrible for many levels

A
5 1
2
4
3

25

20

15

10

($)]
|
- I

https://eagereyes.org/pie-charts

i
2

4

B
5 1
2
3
25
20

15

10

4

25

20

15

10

C
5
1
2
3

o NN

California, 37,000,000

Mississippi, 2,900, 0|

lowa, 3,000,000

Connecticut, 3,500,000

Oklahoma, 3,600,000
Oregon, 3,800,000
Puerto Rico, 4,000,000 Texas, 24,000,000
Kentucky, 4,300,000
Louisiana, 4,300,000

Carolina, 4,400,000
al

Colorado, 4,900,000 New York, 19,000,000

Minnesota, 5,200,000

South

Alabama, 4,600,000
Wiscensin, 5,600,000
M

aryland, 5,700,000
Missouri, 5,900,000\ __.aiit

Tennessee, 6,200,000 ‘gl

Indiana, 6,400,000

Massachusetts, 6,500,000

Arizona, 6,400,000 Pennsylvania, 12,000,000

Washington, 6,500,000
Ohio, 12,000,000
Virginia, 7,800.000—/

New lersey, 3‘700‘000—/ [ L \—Micmgan. 10,000,000
N C

North Carolina, 9,500,000 Georgia, 9,600,000
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https://eagereyes.org/pie-charts

ldioms: normalized stacked bar chart

22228 ¢
3 3 3 & & 2%
L[ [ [ [ ]]

* task: part-to-whole judgements

eeeeeeeeee

* nhormalized stacked bar chart

—stacked bar chart, normalized to full vert height

10M
I | | | . IIIIIIIIIII'I
00 IIIIllllI.l......“!'!ﬂ!#!ﬂ-ﬂ-v-|-
CA TX NY FL IL PAOH Ml GANC NJ VAWA AZMA IN TN MOMD WI MNCO AL SC LA KY OROK CT IA MS AR KS UT NVNMWV NE ID ME NH HI Rl MT DE SD AK ND VT DC WY

—analysis of differences -
* level 2 (bar): vert ID pos/size uniform & unavailable -

* vert pos meaningful for different 2 numbers -
—top & bottom components -
—vs bottom component & whole bar for unnormalized -

* information density

—single stacked bar equivalent to full pie

|

* high info density: narrow rectangle vs large circle

113
http://bl.ocks.org/mbostock/3886208, http://bl.ocks.org/mbostock/3887235, http://bl.ocks.org/imbostock/3886394


http://bl.ocks.org/mbostock/3886208
http://bl.ocks.org/mbostock/3887235
http://bl.ocks.org/mbostock/3886394

ldiom: glyphmaps

. :}iztz::jr:/es.a;f;?nde;iirends /\ \//\/\/V\/\/\A/WWV
dial df i Q O Q Q Q .
Ccnairgperiotcry () O o LR A

[Glyph-maps for Visually Exploring Temporal Patterns in Climate Data and Models.Wickham,
Hofmann, Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]

® Axis Orientation
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Data SPLOM

ldiom: SPLOIM

¢ Scatte I"PIOt matriX e (® Axis Orientation
: 2 Rectilinear 2 Parallel 2 Radial
(SPLOM)

I RITR-
. !
—rectilinear axes,
point mark o

—all possible pairs of axes

—scalability
. S
* one dozen attribs S,
%
§,
e dozens to hundreds of )
items i
- &= "™ Wilkinson et al., 2005
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ldioms: parallel coordinates

Math ‘ ’
>

* scatterplot limitation

— visual representation with orthogonal axes

— can show only two attributes with vert & horiz
position channels

Physics

Dance

Drama

after [Visualization Course Figures. McGuffin, 2014.

A

Scatterplot Matrix

Math

Math

85
20
65
50
40

A

» L—>» L
A . A . A
> > P
A ® A @ A [}
> > >
A A R A
> > >
Physics Dance Drama
Table
Physics Dance Drama
95 70 65
80 60 50
50 90 90
40 95 80
60 80 90

http://www.michaelmcguffin.com/courses/vis/]
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ldioms: parallel coordinates

* scatterplot limitation

—visual representation with orthogonal axes

. . . Physics
—can show only 2 attributes with vert & horiz >
position channels n
. . . Dance
* alternative: line up n axes in parallel to show >
n attributes with (vert) position on each 1
Drama
—vert position/order for each attribute value >
at

—item encoded with | connecting mark: path
through value at each axis

* parallel coordinates

Math
— parallel axes, path for item 85
* jagged, piecewise-linear by segment 90
* vs rectilinear/Cartesian axes where item as point 2(5)
—scalability 40

» dozens of attribs

* hundreds of items

after [Visualization Course Figures. McGuffin, 2014.
http://www.michaelmcguffin.com/courses/vis/]

>

Scatterplot Matrix

Ll

>

>

Dance Drama

Physics Dance
Table
Physics
95 70
80 60
50 90
40 95
60 80

>

Drama

65
50
90
80
90

Parallel Coordinates

Math  Physics

A
001

904
804
70+

504
40
304
204
104

0-

60—\

4

A

/

Dance
A

Drama
A
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Task: Correlation

* scatterplot matrix

— positive correlation
* diagonal low-to-high

— negative correlation
* diagonal high-to-low

—uncorrelated: spread out

* parallel coordinates

— positive correlation

* parallel line segments
— negative correlation
* all segments cross at halfway point

— uncorrelated

* scattered crossings

Low High Perfect
Negative Negative Negative
Correlation Correlation Correlation
| | |
w
-0.5 -0.9 -1

https://www.mathsisfun.com/data/scatter-xy-plots.html

Perfect High Low
Posttive Posttive Positive No
Correlation Correlation Correlation Correlation
' '} )
1 0.9 0.5 0
. A
| | | 3 }
| | |
Jl B
D '.-', s
N\ “*‘-?lj:?::\ K\
AN N >
v — — C
< AN
__,_-,‘.13 7 ,'/Z'_'.b,,v o~ =
o ’ P ety ) o D
g e, . .
~.. : e . - = o '.
: \ ."."_.- s $: '\
“ ' P ~ =
/& e SRR E
// TAEL
/ R
il 2 B2\ F
7 .«f‘:\-:};_,,‘-" "
R -., e o.A .\':‘::;"-‘-a;:.v_ X - H

Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating
Correlations of p = 1,.8,.2,0, —.2, —.8,and —1.

[Hyperdimensional Data Analysis Using Parallel Coordinates.

Wegman. Journ. American Statistical Association 85:41 |
(1990), 664-675.]
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Parallel coordinates, limitations

* visible patterns only between neighboring axis pairs

* how to pick axis order?
—usual solution: reorderable axes, interactive exploration
—same weakness as many other techniques
* downside of interaction: human-powered search

—some algorithms proposed, none fully solve

cylinders displacement weight horsepower acceleration (0-60 mph) mileage year
9 456 59 In 5141 Ibs 231 hp 26 sec 48 mpg 83

3 quln 161505 46 hp 8 sec 9 mpg 70 I 20



ldiom: Slopegraphs

with only 2 axes

— mark: segment

* connecting mark between 2 values

— channels

* vertical pos/order, | axis per attrib: express value
* segment length (1D size, horiz): unavailable

* segment width (1D size, vert): change magnitude

* color

— task

* emphasize changes in rank/value

Barclay's Premier League Tables:

2012/2013

(played 1I5)

+ parallel coordinates special case

Manchester City, 33

West Bromwich Albion, 26

Everton, 23
West Ham United, 22

Arsenal, 21

Liverpool. 19

Fulham, 17

Newcastle United, 14
Sunderland, 13
Southampton. 12

Comparing 2012/2013 Starts to 2013/2014 Starts

Select
Points v 2013/2014 . Better
Clubs to include: (played 15) W worse
(All) v
Arsenal. 35

‘ Liverpool. 30
Manchester City, 29

( Everton, 28
- Tottenham Hotspur, 27
— Newcastle United, 26

-« Southampton. 23
~ S
— \\ ‘ Manchester United, 22

. .\ \’» Aston Villa, 19

Stoke City, 17

, \ West Bromwich Albion, 15

West Ham United, |13

Sunderland. 8

https://public.tableau.com/profile/ben.jonestt!/vizhome/Slopegraphs/Slopegraphs
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Orientation limitations  Axis Orientation

> Rectilinear

* rectilinear: scalability wrt #axes ‘

* 2 axes best, 3 problematic, 4+ impossible
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Orientation limitations  Axis Orientation

> Rectilinear > Parallel

* rectilinear: scalability wrt #axes L 11

* 2 axes best, 3 problematic, 4+ impossible

* parallel: unfamiliarity, training time
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Orientation limitations  Axis Orientation

> Rectilinear > Parallel > Radial
* rectilinear: scalability wrt #axes L BN A
* 2 axes best, 3 problematic, 4+ impossible |
* parallel: unfamiliarity, training time
* radial: perceptual limits
— polar coordinate asymmetry (ENR (Y
* angular position lower precision than rectilinear position “ \ A\ 7/
* radial distance (length) lower precision than aligned rectilinear s st £l
position ENNEEE NN
* nonuniform sector size (width & area), mmEn EE mEEEn R
depending on radial distance N SEEEEEN PR Fk
* frequently problematic -- dlickzd af correct cel

but sometimes can exploit on purpose!

— for 2 attribs of unequal importance

— strength: cyclic representation (when matching data)

[Uncovering Strengths and Weaknesses of Radial Visualizations - an Empirical Approach. Diehl, Beck and Burch. IEEETVCG (Proc. InfoVis) 16(6):935--942,2010.] 124



Layout density

(® Layout Density

> Space-Filling

2> Dense




ldiom: Dense software overviews

° data’: text (LOC) Continuous v”Statements - Variable Width v | —@

— | quant attrib: test results Test: |

[ LRIl

e derived data;:

”H‘

Iy
'Hlpum ||| I

— 2 quant attribs: min & max char pos

* mark: segment

T iy puw

1
U g Y
|

| S [ |

 channels:

— color by test results

ll] | l‘ [ I‘IH |’ H“H

RIER

— within column, level |

— vert pos/order, | value: LOC order in program

|r|11
L 1|-|[1['||| '||11 | 1“1

— vert shared: yes

'11[-

—
.:__
=
—
=
=

—
P
-
—
-_
B

— vert size: unavailable (| pixel high, by idiom design)

a|l-Line 7254
7| Executions: 32 / 300

— horiz length (1D size): extent A Passed: 20 / 297

Failed: 3 7 3

— horiz pos/order, 2 values: min/max char

— not allgned, extent != max [Visualization of test information to assist fault localization. Jones, Harrold, Stasko. Proc. ICSE 2002, p 467-477.]
— across columns (global), level 2 (® Layout Density
— scanline wrap to fit long vertical line into square > Dense
essssees
* scalability: |OK+ lines 13111
1333331 g
00000000



Arrange tables

(® Express Values (® Axis Orientation
—| > > Rectilinear > Parallel > Radial
|
| &l
(® Separate, Order, Align Regions I
> Separate > Order
N . B .
.I o m — ] (® Layout Density
g 2> Dense
> Align T
> 1 Key > 2 Keys
List Matrix

== |
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Manipulate



How to handle complexity: | previous strategy

= Derive

/.
—— WA

e derive new data to
show within view
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How to handle complexity: | previous strategy + 2 more

= Derive

e derive new data to
show within view

* change view over time

* facet across multiple

views

/.
e

Manipulate

® Change

(® Select

® .o

® Navigate
< >

Facet

(® Juxtapose

(® Partition

-

(® Superimpose

\ o
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Manipulate View



Manipulate

(® Change over Time
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Change over time

* change any of the other choices
—encoding itself
— parameters
—arrange: rearrange, reorder

—aggregation level, what is filtered...

—interaction entails change

» powerful & flexible
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ldiom: Re-encode

File Edt View Format Data Analysis Table Bookmark Colasborate Window Help o | File Edt View Format Data Amalysis Table Bookmark Collaborate Window Help ER
e 0 WO & o5 0 e Fp|l L [T B owx -0 % BB . g W0 & |5 s iyl [T B owx -0 % BEA
‘e 21 #
e * comns - (S Ton ) SOMGs Py e © Coumns - (o Toud ) SO Pk
Wm - m g Sales - —
- R - == R - | ProdwtCoteguy 3
Find: - Find: .
Dimensions =l - ~ orrice crans N - <2 o s7e g Dimensions | " orrcecns I N L | A
e CustomerName. | couyren pxeen I < — ‘oc Customer Name coveuen et N o e
o Market Segment coerers I 129242 I ¢ 517 ¢ Market Segment corens I HH [ R ] |
&5 Order Date rers = xeveoaros I 255015 . 7272 55 Order Date sy . " =n
e Order ID meeTiiG rRoow Tasces [ 241 609 a21m #ve Order ID meetmie roow Taeces N |
o< Orde Priity (putomatc ] copr pacen SN 2754 5150 N o< Ordes ity [Mutomatic ] e | 1
e ProducrComegoryl  fllqom ) ermrers NN 163617 I o7 cs7 ‘e ProductCamegoyl  lqgEn ) eanrers il W = n
:"“"""“‘Wg Cotor (SHAGRIPLT) PORTABLE STORAGE [N 172.607 I e0ss - """"“““”‘7; Cobor. (MGEAID) rpoRTABLE STOR:GE ]
Prodact Categery eno rasces I 170.088 5209 educt Category eno nasesNE I
#e Product Categoryd || Sze () #e Product Categoryd [ See ()
#oe Product STORAGE CABNETS I 154,700 2408 - storace caznves NI 1
—— — meow N 6,620 I 0370 g —— weou Il [ |
-m Level of Detaik: AR PURFIERS [ 3.35¢ R soe Ship Container Level of Detaik arrreiers il T ]
o< Ship Method meTaL sooxcases Il 77.741 2583 se< Ship Method weta sooxcases [ I
e State veLeeHones I 7s270 | T o State veLeevones U |
4o Store ID ART supsuies I 70839 4 #ee StoreID ART SUPPLIES!
# Store Latitude Colac ST MGem FreS iy woooowoowses=sv.m Aﬂll ” # Store Latitude Colog Hagln o woooacaooms= ll
# Store Longitude storace Il eo.8 |
BINDING SuPPLIES I 83,708 n
wopems il 53.001 (1]
exveLores il 40174 11 |
reeavy smoers [ 48124 11
# Gross Profit S0P TABLES [l 47258 | ]
# Sales Total sHELVING il 44,008 I 1
*# Number of Records FLe LaseLs I s2011 -
# Meosure Volues Frames [ 40278 1
ROUND RING BINOERS I 32 455 11 . -
oK SOK 100K 160K zmxl
Sum of Gross Profit

| P W0 & 88 C [wsowme Fp| L [T B O eneven - 9 [[R]D DR
o . P | cones - C—— -
Supesstore Sales v E
Find: - _
Dimensions - | EXd
e Customer Nome EEEE
4o Market Segment | A
oy FerraRit 114 T 3111 S
#ee Order ID REEEY |
#c Order Priority (Astomatic | = T 45,151 [
E -
. a9
|2.008
- -
| RIS
2553
L
|anms
Fx ] |
|1.859
Jerns
| ECE)
| REREH
Wzoess
RLFEL |
2mil
Mo
| asss
ROUND RING tinoers]] 32 a6 | §ECH
: ! (EX)
200K 400K 800K 100K £ 100K 100 E
Sum of Sales Total Sum of Gross Profit Store Longtude
Ready 16 marks  S3rowsby2 columns  SUM(Gross Profit): 1,471,782 1rowbyl column  SUM of AVG(Discount): 9.9922

made with Tableau, http://tableausoftware.com 134
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ldiom: Change parameters

* widgets and controls

—sliders, buttons, radio buttons,
checkboxes,

dropdowns/comboboxes
* pros
—clear affordances,
self-documenting (with labels)

®* CONS
— USES screen space

* design choices
—separated vs interleaved

e controls & canvas

The Growth of a Nation
Or....how the railroads changed the face of America in the 1800's

The following visualization shows land, population and railroad growth in 19th Century America.

The Year 1890

By 1890, there were more
than 165,000 miles of
railroad tracks across the
US. The massive railroad
corporations had paved
the way for other
corporations that grew
out of the industrial
revolution of that time
such as the Oriental
Telephone and Standard
Oil Companies. New
technologies such as the
telephone, light bulb and
motion pictures were
invented and became
more mainstream.

5,000-10,000 @ 100,000-250,000
10,000-25,000 @ 250,000-500,000
25,000-50,000 @ 500,000-1,000,000
50,000-75,000 @ 1,000,000-2,000,000
® 75,000-100,000 @ > 2,000,000

Display population by: Counwocity @ Display Railroads Select Year: O Play Sequence
Numbers by the Decade
Miles of (NN NN TN TN TN TN TN SNNNNY NN SNNNNY NN (NN VNN SN SN SN SN SN (NN NN SN NN TN (NN SN SN SN SN N SN SN SN S S
Railroad UM B S B B S S S B S B S B B B B B B B S R e R B S R B R R S |
Tracks:
Land Area: | [T [T ] ]
Population: COOOTT000000000000000000000000000000000000000
S
o o o o)
2 88 85,8 £58 A 553 £
SO NN ) o N o N &Y v o o A S & ANoo NN
SN TN PSS THAN o ¥ 2 ANS D D NS o ™
NN ‘b'\f NSFTITSIRNN, IFNIIT o IIN SETQOITES TS
~ bad A ~ N G ~ N & L 2 0 ~ o
&3 I R St Rt R E R E Lo
¥ é?@;;fg Lﬁ. S

& ¥
Legend: 1800 1810 1820 1830 1840 1850 1860 MM 1870 M 18s0 | 13950 | 1900

[Growth of a Nation](http://laurenwood.github.io/)

made with D3

Largest cities

New York, NY
Pnilacelphia, PA
St. Louis, MO

Baltimere, MD
San Francisco, CA
Cincinnati, OH
Cleveland, OH
Buffalo, NY
New Orleans, LA
Pittsburgh, PA
Washington, VA
Detroit, MI
Milwaukee, WI
Newark, NJ
Minneapoelis, MN
Jersey City, NJ
Louisville, KY
Omaha, NE
Rochester, NY
St. Paul, MN
Kansas City, MO
Providence, RI
Denver, CO
Indianapolis, IN
Allegheny, PA
Albany, NY
Columbus, OH
Syracuse, NY
New Haven, CT
Worcester, MA
Toledo, OH
Richmond, VA
Paterson, NJ
Lowell, MA
Nashville, TN
Scranton, PA
Fall River, MA
Cambridge, MA
Atlanta, GA
Memphis, TN
Wilmingten, DE
Dayton, OH
Troy, NY
Grand Rapids, M:
Reading, PA
Camden, NJ
Trenton, NJ
Lynn, MA
Lincoln, NE
Charleston, SC
Hartford, CT
St. Joseph, MO
Evansville, IN
Los Angeles, CA
Des Moines, |A
Bridgeport, CT
Oakland, CA
Portland, OR
Saginaw, M|
Salt Lake City, UT
Lawrence, MA
Springfield, MA
Manchester, NH
Utica, NY
Hoboken, NJ
Savannah, GA
Seattle, WA
Pecria, IL
New Bedford, MA
Erie, PA
Semerville, MA
Harrisburg, PA
Kansas City, KS
Dallas, TX
Sioux City, IA
Elizabeth, NJ

F33FE38

o O O O
§ &8s
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ldiom: Change order/arrangement

* what: simple table
* how: data-driven reordering

* why: find extreme values, trends

|| Sort values - ¥ Sort values

-1 > >
2 2
12% 3 g
13 g
[ [
11% 119
10% 10% |
9% 9
8% 8%
7% 7%
6% 6%
5% 5%
4% 4% |
3% 3% -
2% 2%
- . I I I N III.-
0% = * - * - * * 0% = -** * ﬂ—

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

[Sortable Bar Chart] https://observablehq.com/@d3/sortable-bar-chart
made with D3
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ldiom: Reorder System: DataStripes

* what: table with many attributes
* how: data-driven reordering by selecting column

* why: find correlations between attributes

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Color Bool Date
L] [ ] MR OU] ST [CNS— R [Tree—m—m" T CTORRERS M| N A — | |
= B == |

[ - I

—

—

_ |
— = =
B=

———— — ;

— .

B ==

= ==

[http://carlimanaster.github.io/datastripes/]
made with D3
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ldiom: Change alignment System: LineUp

* stacked bars " )
o - !‘d- - - 25,00% 15,00% 10,00%
— easy to Compar’e ' Research Citations Teaching In!emmnoim Industr
= O — O
* first segment
e total bar |
62.6 (0.63)  71(0.71) 51.4 (0.51) 80.1(0.8) 59 (0.59)
* align to different segment
—supports flexible comparison
4 2012 \ |
% . ?-r('°- - - 25,00% 5,00% 0.00%
Research CEEEIIEY  Tehna MR nows
- O - I O
62.6 (0.63) 71(0.71) 51.4 (0.51) 80.1(0.8) 59 (0.59)

[LineUp:Visual Analysis of Multi-Attribute
Rankings.Gratzl, Lex, Gehlenborg, Pfister, and Streit.
IEEE Trans.Visualization and Computer Graphics
(Proc. InfoVis 2013) 19:12 (2013), 2277-2286.]
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ldiom: Animated transitions - visual encoding

e smooth transition from one state to another
—alternative to jump cuts, supports item tracking
* best case for animation

—staging to reduce coghnitive load

* Grouped Grouped
Stacked © | Stacked

[Stacked to Grouped Bars] https://observablehg.com/@d3/stacked-to-grouped-bars
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ldiom: Animated transition - tree detail

* animated transition
—network drilldown/rollup

[Collapsible Tree] https://observablehg.com/@d3/collapsible-tree 140
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Manipulate

(® Change over Time
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Interaction technology

* what do you design for?

Details first,

—mouse & keyboard on desktop!? A g her,
* large screens, hover, multiple clicks

—touch interaction on mobile? o | |
Data visualization and the news - Gregor Aisch (37 min)

* small screens, no hover, just tap vimeo.com/ 1825902 14

—gestures from video / sensors?

* ergonomic reality vs movie bombast

—eye tracking?
| Hate Tom Cruise - Alex Kauffmann (5 min)

www.youtube.com/watch?v=QXLfT9sFcbc
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Selection
® Select

* selection: basic operation for most interaction

* design choices ° °

—how many selection types!
* interaction modalities
* click/tap (heavyweight) vs hover (lightweight but not available on most touchscreens)
* multiple click types (shift-click, option-click, ...)
 proximity beyond click/hover (touching vs nearby vs distant)

* application semantics
—adding to selection set vs replacing selection
— can selection be null?
— ex: toggle so nothing selected if click on background
— primary vs secondary (ex: source/target nodes in network)
— group membership (add/delete items, name group, ...)
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Highlighting 5 select

* highlight: change visual encoding for selection targets | ®
e A g e,

—visual feedback closely tied to but separable from selection . .
(interaction)

* design choices: typical visual channels

—change item color

* but hides existing color coding
—add outline mark
—change size (ex: increase outline mark linewidth)

—change shape (ex: from solid to dashed line for link mark)

 unusual channels: motion

—motion: usually avoid for single view
* with multiple views, could justify to draw attention to other views

1 44



Manipulate

(® Change over Time (® Navigate
e . L. 2 Item Reduction
°°, @
‘ ‘ ° 2> Zoom
Geometric or Semantic
* o ~» ‘
e ° ®
® Select |
o . . A \g). ., > Pan./Tr:Jnslate
<D

= Constrained
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Manipulate

(® Change over Time

> /oom
Geometric

> Pan/Translate

<. D

= Constrained
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Navigate: Changing viewpoint/visibility

. . (® Navigate
* change viewpoint

—changes which items are visible within view

* camera metaphor

— pan/translate/scroll

* move up/down/sideways

= Pan/Translate

<. D

147



ldiom: Scrollytelling

* how: navigate page by scrolling (panning down)

* pros:
—familiar & intuitive, from standard web browsing
—linear (only up & down) vs possible overload of

click-based interface choices

* cons.

—full-screen mode may lack affordances
—scrolljacking, no direct access

—unexpected behaviour
—continuous control for discrete steps

[How to Scroll, Bostock](https://bost.ocks.org/mike/scroll/)
https://eagereyes.org/blog/2016/the-scrollytelling-scourge

° Scroll To Start Animation

.............................................................................................. N

148


https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://bost.ocks.org/mike/scroll/

Navigate: Changing viewpoint/visibility

. . (® Navigate
* change viewpoint
—changes which items are visible within view
> Zoom
* camera metaphor Geometric
— pan/translate/scroll ‘. 2l e ®
* move up/down/sideways i
—rotate/spin > Pan/Translate
* typically in 3D (‘ ° 3y

—zoom in/out

* enlarge/shrink world == move camera closer/further

* geometric zoom: standard, like moving physical object
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Navigate: Unconstrained vs constrained

, o (® Navigate
* unconstrained navigation

, , = |tem Reduction
—easy to implement for designer

—hard to control for user 7 é‘;ﬁﬁet,,c or Semantic
* easy to overshoot/undershoot ¢ e @ °
* constrained navigation - °
—typically uses animated transitions > Pan/Translate
—trajectory automatically computed based on selection <

* just click; selection ends up framed nicely in final viewport

= Constrained
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ldiom: Animated transition + constrained navigation

* example: geographic map

—simple zoom, only viewport changes, shapes preserved

Zoom to Bounding Box

B

[Zoom to Bounding Box] https://observablehg.com/@d3/zoom-to-bounding-box
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Navigate: Reducing attributes

* continuation of camera metaphor

—slice > Slice

* show only items matching specific value

for given attribute: slicing plane

* axis aligned, or arbitrary alignment

— Ccut

* show only items on far slide of plane

from camera

— project

* change mathematics of image creation

— orthographic

— perspective
—many others: Mercator, cabinet, ...

[Interactive Visualization of Multimodal Volume Data for Neurosurgical Tumor Treatment. Rieder, Ritter, Raspe, and Peitgen.
Computer Graphics Forum (Proc. EuroVis 2008) 27:3 (2008), 1055—1062.]

¥
I
I
I
i

2> Attribute Reduction
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Interaction benefits

* interaction pros
—major advantage of computer-based vs paper-based visualization

—flexible, powerful, intuitive
* exploratory data analysis: change as you go during analysis process

* fluid task switching: different visual encodings support different tasks

—animated transitions provide excellent support

* empirical evidence that animated transitions help people stay oriented
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Interaction limitations

* interaction has a time cost
—sometimes minor, sometimes significant
—degenerates to human-powered search in worst case

* remembering previous state imposes cognitive load

* controls may take screen real estate
—or invisible functionality may be difficult to discover (lack of affordances)

* users may not interact as planned by designer
—NYTimes logs show ~90% don’t interact beyond scrollytelling - Aisch, 2016
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