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Finding us
* office hours in Sing Tao bldg

— | -ish to 3-ish pm Tuesdays in Room 313:Tamara and/or Caitlin
—by appointment: Tamara in |CICS/CS bldg Room Xé6 |

* email other times

—tmm(@cs.ubc.ca, caitlin@discoursemedia.org

* course page is font of all information

—don’t forget to refresh, frequent updates

—http://www.cs.ubc.ca/~tmm/courses/journ| 6
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Demo |: Basic Visual Encoding & Dashboarding

* Tableau Lessons
—Dimensions (categorical) and Measures (quantitative)
—drag and drop to create visual encodings
—combining multiple charts side by side into dashboards

* Big Ideas

—see different patterns with different visual encodings



Demo 2:Vancouver Election Results

e Tableau Lessons
—sorting along axis

—disaggregate into multiple charts

* Big Ideas
—absolute numbers can sometimes mislead

—check hunches with relative percentages!



Demo 3:Vancouver Crime

* Tableau Lessons
—multiple pills on a shelf, pill ordering
—show filters
—undo

—duplicate & rename tabs

* Big ldeas

—underlying causes can be tricky to understand



Arrange Tables



How?
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How?

Encode
® Arrange
- Express - Separate
—— ;l....
= Order = Align



Encode tables: Arrange space

Encode
(® Arrange
- Express - Separate
—— ;I....
= Order = Align

L Lk Ll_l_l_l




Keys and values

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

* classify arrangements by key count
-0, I, 2, many...

(® ExpressValues = 1Key > 2 Keys =

List Matrix

——

2> Tables

Attributes (columns)
>

ltems

(rows)
v

Cell containing value

2> Multidimensional Table

o) )

Key 2

.4— Value in cell

Attribm
3 Keys > Many Keys
Volume Recursive Subdivision




ldiom: scatterplot
(® Express Values @
* express values N
—quantitative attributes °

* no keys, only values

—data
* 2 quant attribs

—mark: points

price
price

—channels

* horiz + vert position
—taSkS | carat | | “carat
* find trends, outliers, distribution, correlation, clusters

—scalability

 hundreds of items

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3—28.]
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Some keys: Categorical regions

2> Separate

* regions: contiguous bounded areas distinct from each other

2 Order

>

> Align

—using space to separate (proximity)

mifi

—following expressiveness principle for categorical attributes

* use ordered attribute to order and align regions

2> 1 Key
List

il

> 2 Keys

Matrix

> 3 Keys

Volume

> Many Keys

Recursive Subdivision




|ldiom: bar chart

100
o I I = 75
one (ey, one vaiue =
dat e
—data
= 25
* | categ attrib, | quant attrib< ]
: SONG P
—mark: lines L &
& W
—channels |
Animal Type

* length to express quant value

* spatial regions: one per mark
— separated horizontally, aligned vertically

—ordered by quant attrib
» by label (alphabetical), by length attrib (data-driven)

—task

* compare, lookup values

—scalability
* dozens to hundreds of levels for key attrib

N
93

Avg Weight (Ibs)
N) Ul
(O] (@)

o

Animal Type



Separated and Aligned but not Ordered
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LIMITATION: Hard to know rank. What'’s the 4th most? The 7th?

[Slide courtesy of Ben Jones]



Separated, Aligned and Ordered
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[Slide courtesy of Ben Jones]



Separated but not Ordered or Aligned

LIMITATION: Hard to make comparisons

[Slide courtesy of Ben Jones]



ldiom: stacked bar chart I

* one more key
—data 1.0 -B-R-B_B-
* 2 categ attrib, | quant attrib - M _

Mz3es

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

—mark: vertical stack of line marks o R EEE RNV
* glyph: composite object, internal structure from multiple marks
—channels
[Using Visualization to Understand the
* length and color hue Behavior of Computer Systems. Bosch. Ph.D.
* spatial regions: one per glyph thesis, Stanford Computer Science, 2001.]

—aligned: full glyph, lowest bar component

— unaligned: other bar components
—task

* part-to-whole relationship

—scalability

* several to one dozen levels for stacked attrib



ldiom: streamgraph

* generalized stacked graph

—emphasizing horizontal continuit™

e vs vertical items

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

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

* | quant value attrib (counts)

—derived data
* geometry: layers, where height encodes counts

* | quant attrib (layer ordering)
—scalability

* hundreds of time keys
* dozens to hundreds of artist keys

—more than stacked bars, since most layers don’t extend across whole chart 19



|ldiom: l1ine chart

— N
o O

* one key, one value

Avg Weight (lbs)

—data 0
* 2 quant attribs 5
—mark: points 0
* line connection marks between them * O O A @ O O A
FT TP L
—channels
Year

* aligned lengths to express quant value

* separated and ordered by key attrib into horizontal regions

—task
* find trend

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

20



Choosing bar vs line charts

* depends on type of key
attrib

—bar charts if categorical
—line charts if ordered

* do not use line charts for
categorical key attribs

—violates expressiveness
principle
* implication of trend so strong
that it overrides semantics!

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

Height (inches)

Height (inches)

Height (inches)
S

40

o 20
10

0

Female Male Female Male

)
S 40
c
= 30
<
o> 20
)
L 10
0
10-year-olds  12-year-olds 10-year-olds  12-year-olds

dfter [Bars and Lines:A Study of Graphic Communication. Zacks and Tversky.
Memory and Cognition 27:6 (1999), 1073—-1079.]
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|ldiom: heatmap

* two keys, one value
—data

* 2 categ attribs (gene, experimental condition)
* | quant attrib (expression levels)

—marks: area

* separate and align in 2D matrix

"""""""

—indexed by 2 categorical attributes

> TKey € 2 Keys > Many Keys
—channels List &  Matrix Recursive Subdivision
» color by quant attrib E
[TTTT]
— (ordered diverging colormap)

—task

* find clusters, outliers

—scalability

* |[M items, 100s of categ levels, ~10 quant attrib levels »



ldiom: cluster heatmap

e in addition

—derived data

e 2 cluster hierarchies

—dendrogram

 parent-child relationships in tree with connection line marks

* leaves aligned so interior branch heights easy to compare

oree
v 2
oCEdY
cilr
N U GEELEY
ey

—heatmap

* marks (re-)ordered by cluster hierarchy traversal

23



(® Axis Orientation
2> Rectilinear 2> Parallel 2 Radial

NP
I



ldioms: scatterplot matrix, parallel coordinates
* scatterplot matrix (SPLOM)

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

* onhe dozen attribs

 dozens to hundreds of items

* parallel coordinates

Math

Physics

Dance

Drama

Scatterplot Matrix

>
Math

—parallel axes, jagged line representing item

—rectilinear axes, item as point
* axis ordering is major challenge
—scalability

* dozens of attribs
 hundreds of items

Physics

Dance

>
Drama

Parallel Coordinates

4/

Physics

A

v

Table

Dance
A

Drama

A

Physics Dance Drama

Math
A
1001
90-
80-
70
60-\
50-
40-
30-
20-
10-
0_
Math
85 95
90 80
65 50
50 40
40 60

70
60
90
95
80

65
50
90
80
90

after [Visualization Course Figures. McGuffin, 201 4. http://www.michaelmcguffin.com/courses/vis/]
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Task: Correlation

* scatterplot matrix

®
—positive correlation o
* diagonal low-to-high
—negative correlation ' :
carat
° diagonal high_to_low [A layered grammar of graphics. Wickham. Journ. *

Computational and Graphical Statistics 19:1
(2010),3-28.]

—uncorrelated

* parallel coordinates
—positive correlation
* parallel line segments

—negative correlation

* all segments cross at halfway point

— ) \ e — G

—uncorrelated I\ )
[Hyperdimensional Data Analysis Using Parallel Coordinates. _ | . _ _

e g Catt ere d Cross | n g S Wegman. Journ.American Statistical Association 85:41 | Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating

(1990), 664-675.] Correlations of p = 1, .8, .2,0, —.2, —.8, and —1. p



ldioms: radial bar chart, star plot

* radial bar chart \l/

—radial axes meet at central ring, line mark 2 - &

* star plot

—radial axes, meet at central point, line mark
* bar chart
—rectilinear axes, aligned vertically >\

* accuracy

—length unaligned with radial
* less accurate than aligned with rectilinear

[Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management. Booshehrian, Maller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon Fraser University,
School of Computing Science, 201 1.] 27



Radial Orientation: Radar Plots

Arsenal
West Ham United 70 Aston Villa
West Bromwich Albion 60 Cardiff City
so 4
Tottenham Hotspur Chelsea
‘0 4

Swansea City Crystal Palace
Sunderiand Everton
Stoke Clity Fulham
Southampton Hull City

Norwich City Liverpool

Newcastle United | Manchester CRy

Manchester United

~

-

——Violent Disorder

== Public Disorder

w—de—Missile Throwing

=i Racist or Indecent Chanting

w—pe=pPch Incursion

=&~ Alcchol Offences

weteT icket Touting

we Posse ssion of Offensive Weapon
Use or Possession of Fireworks or Flares

=4~ Breach of Banning Order
Offences against Property

LIMITATION: Not good when categories aren’t cyclic

[Slide courtesy of Ben Jones]



"Diagram of the causes of mortality in the army in the
East" (1858)

. DIAGRAM er rue €CAUSES or MORTALITY :
APRIL 1855 ro MARCH 1856 IN THE ARMY IN THE EAST. APRIL 1854 o MARCH 1855.

The Areas of the Nue, red. & black wedges are cach measured from.
the cendre as the commmert oertea

The Nue wedges measured from the cenlre of the curcle represent area
for arca the deallis lrem Preoentiie or Miligalle Zymotee diseases, the
red wedges measwred frome the centre Ve dealhs from. wournds, & the
Mack: wedges measured from the cendre the deaths from all dher causes

The Nack line acress the ved triangle in Niv! (554 marks the beaundary
o the deaths frome all dther cavses during the menith

Ire Celober 1854, & April (855, the lack area covscedes with the red.,
wdanuary & February /855 the bl concrdes with the Weok:

The entire areas may be compared by following the blue. the red & the
HNack liner enclesing themn

[Slide courtesy of Ben Jones]



“Radar graphs: Avoid them (99.9% of the time)”
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[Slide courtesy of Ben Jones]



ldioms: pie chart, polar area chart

' clarity
"

1 SI2

S

* pie chart
—area marks with angle channel N
—accuracy: angle/area much less accurate than line length ‘ "
* polar area chart e =
—area marks with length channel I v .Xif
—more direct analog to bar charts s o
* data o

Sh
VS2
VS1

count

— | categ key attrib, | quant value attrib I
e task i K i
clarity .’

—part-to-whole judgements
[A layered grammar of graphics.Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3—28.]
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ldioms: normalized stacked bar chart

e task

—part-to-whole judgements

* normalized stacked bar chart
—stacked bar chart, normalized to full vert height

—single stacked bar equivalent to full pie

* high information density: requires narrow rectangle

25M
15M
10M
5.0M
0.0- IIIIIIIIII.!

* pie chart

—information density: requires large circle

http://bl.ocks.org/mbostock/3887235,

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

||||||||||||||||||||||||||||||||||||||||||||||I rrrrrrrrrrr

eeeeeeeeeee

o ©®© O
58 2 8
3 3 3 &
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B et e

W
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ldiom: glyphmaps

/\/\/\\/
* rectilinear good for linear vs

nonlinear trends /\\/WV\/\/\AMW

* radial good for cyclic patterns Q Q Q O Q O
OO0 IK

[Glyph-maps for Visually Exploring Temporal Patterns in Climate Data and Models.Wickham,

Hofmann,Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]
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Orientation limitations
(® Axis Orientation

* rectilinear: scalability wrt #axes N
> Rectilinear

e ) axes best

* 3 problematic 1
—more in afternoon

* 4+ impossible >
e parallel: unfamiliarity, training time > Parallel
* radial: perceptual limits T T T

—asymmetry: angles lower precision than
lengths
_* __ l- l- mEEE EEE

<, S - AR Emmn T EamaanaflE Raaaman \T/'

dicked at wrong cell ' clickad at correct cell / l\

[Uncovering Strengths and Weaknesses of Radial Visualizations - an Empirical Approach. Diehl, Beck and Burch. [IEEE TVCG

(Proc. InfoVis) 16(6):935-942,2010.] a



© Layout Density dense software overviews

Tarantula Bug Killer
File
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[Visualization of test information to assist fault localization. Jones, Harrold, Stasko. Proc. ICSE 2002, p 467-477.] 35



Basic Timelines — Working with Dates

Yearly continuous

10K

Number of Records

0K

2010 201 2012 2013
Year of Created Date

Monthly

1000

500

Number of Records

May 2010 November 2010 May 2011 November 2011 May 2012 November 2012 May 2013
Month of Created Date

Weekly
300
200

100

Number of Records

Apr 18, 10 Oct 17, 10 Apr 17, 11 Oct 16, 11 Apr 15, 12 Oct 14, 12 Apr 14,13
Week of Created Date

O
e
<

80

Number of Records
A
o

Mar 1,10 Jul1, 10 Nov 1,10 Mar1 11 Jull 1" Novi 11 Mar 1,12 Jul1, 12 Nov 1,12 Mar1, 13 Jul1 13
Day of Created Date

[Slide courtesy of Ben Jones]


https://public.tableausoftware.com/views/CDWT_ch9_NYCRatSightings/ContinuousDates?:embed=y&:showTabs=y&:display_count=yes

Column Charts

|= Scott rltzgera|ds farmngs

Data source: hitp /Nibrary pdu/digitalcollecthons edger himl Q
conversio

calculator: hitp Mwww westeqg com/infiation e by

[Slide courtesy of Ben Jones]



The Remarkable Career of
%aq_ ﬁ%_ \?a(

%

TR [Slide courtesy of Ben Jones]
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Gantt Charts

A PRESIDENTIAL GANTT CHART
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[Slide courtesy of Ben Jones]
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https://public.tableausoftware.com/views/USPresidents_1/PresidentialGantt?:embed=y&:showTabs=y&:display_count=yes

Slopegraphs

Barclay's Premier League Tables: Comparing 2012/2013 Starts to 2013/2014 Starts

Select
20122013 Poins - N—— o
(played 13) Clubs to include: (played 15) B vorse
Manchester United, 36 (AN) -
Arsenal 35

Manchester City, 33

» - Lverpocl. 30
Manchester City, 29
( Everton, 28
Tottenham Hotspur, 27
West Bromwich Albion. 26 / Newcastle United. 26

Everton, 23 “ Southampton, 23
West Ham United, 22 - —
— \ Manchester United. 22
Arsen. 2 ~— N

Stoke City, 17

Fulham, 17 ”"
, West Bromwich Albion. 15
Newcastle United, 14

Sunderland. 13 West Ham Unated, |13
Southampton, 12

Sunderland. 8

_— e l] oy O

[Slide courtesy of Ben Jones]


https://public.tableausoftware.com/views/Slopegraphs/Slopegraphs?:embed=y&:showTabs=y&:display_count=yes

Change from Previous

Revenues  Expenditures

Hover over State Seal &y

California State Revenues for Instructions
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 S11B from the previous year

1951 2012 Source of Revenue
Q 9 : Created by: Ben Jones
d V[ v @DataRemeced

$40,000M

Amount

/—1 i “/
SOM -
£ $10,000M
[
3
2
&
£ SOM
B
§
S (510,000M)
1950 1960 1970 1980 1990 2000 2010
FY Ending

Data Source: hitp:/\www.lao.ca.goviacappLACMenus/lao_menu_economics.aspx
Download the Data: http/Awww lao ca govisections/econ_fiscalHistoncal_Revenues xisx

S+
% taobleou o Share L[] Download

1,676 views | more by this author

[Slide courtesy of Ben Jones]



Connected Scatterplots

MLB Stats Over Time: Scatterplots vs. Dual Axes '\‘

Choose Variable 1 Choose Variable 2 Select a Year Range
' Number of Pitchers v | Strikeouts v | 1981 _ 2012
Method #1. The Connected Scatterplot
7.5 O
2042
- O QO 2011
2J10 O ﬁ_\o_\_
= O o 2004 203 ®)
6.5 . o ek
v 1995 _ Q Y13
5 —— O 1993 @“""
0 O 2005
‘:L,' 1994
T 6.0 1987
A O Q
1985 - O.o:’:‘. ‘Q
(S)O s 1990
2.3 1333
1988 O
O
50 ho 1933
O 135
350 400 450 500 550 600 650

Number of Pitchers

[Slide courtesy of Ben Jones]



Dual Axis Line Plots

Method #2. Dual Axis Line Plots

600
6

w
400 ©
v -~
o - a
Q —
U 0
= T
) -g
3 200 ﬁ?

0 0

1980 1985 1990 1995 2000 2005 2010

Year

Source | hitp://mww .baseball-reference.com/leaques/MLB/pitch.shtml Ben Jones (@DataRemixed) | 5/4/2013

[Slide courtesy of Ben Jones]



Next

* Break (15 min)

* Demos (45 min)

— Caitlin will walk through Tableau demos
— you follow along step by step on your own laptop

—Tamara will rove the room to help out folks who get stuck

* Lab (30 min)

— you'll get started on Tableau assignment
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