Basic Visualisation Techniques Il
General Activities to Support Using Visualisation
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history detour



early line graphs
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Planetary movements visualized by unknown astronomer



the first bar chart

Pla

Exports and Imports of SCOTLAND o and from different parts for one Year firom Chriftmas 1780 to Chriftmas 16

The Upright divyfions are Ten Thoufind Founds ecack . The Black Lines are Exports the Kebbed.lines Imports.

1786, William Playfair (Scottish engineer and political economist)
Scotland's imports and exports in 1781



multiple time series
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1821, William Playfair (Scottish engineer and political economist)
Price of wheat and wages
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more visualisation technigues



showing multiple attributes through line charts

Primary attribute: year

Order Date

Secondary attribute: product category

v L2, VUV

Value: profit




multiple area charts
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Agniculture Business services
Construction Education and Health

R w1 ——— i ——— e —————eed

Finance Govemment
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Information Leisure and hospitality
Manufacturing Mining and Extraction

M B |

Other Seff-employed
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Transportation and Utilities Wholesale and Retail Trade

US unemployment rates 2000 - 2010
http://homes.cs.washington.edu/~jheer//files/zoo/ex/time/multiples.html




stacked area graphs

Baby Name > i O Borth O Boys ) Giris

Name Voyager, 2005 1880s 1890s 1900s 1910s 1920s 1930s 1040s 19505 1960s 1070s 1980s 1990s 20008 2009
http://www.bewitched.com/namevoyager.htm|




stacked area graphs




streamgraphs

ine July Aug. Sept. Oct. Nov. Dec. Jan.
2007 2008

Feb.

nal Treasure: Book of Secrets

\ ons Movie

You Chuck and Larry

http://www.nytimes.com/interactive/2008/02/23/movies/20080223_REVENUE_GRAPHIC.htm|?_r=0

Each shape shows
how one film did at
the box office.

f
Height

shows weekly box
office revenue

«— Width —

shows longevity

The area of the shape
(and its color)
corresponds to the film's
total domestic gross,
through Feb. 21

$862 milllion
250

-1
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stream graphs

* Closely related to stacked bar charts

* Emphasis on continuity of the horizontal layers

Music listening history. Byron and Wattenberg, 2008
http://leebyron.com/streamgraph/stackedgraphs byron wattenberg.pdf
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——Time of Initial Onsetgl—

streamgraphs

* Each layer represents one artist that was listen to

* Ordinal attribute (time) = x-position
* Quantitative attribute (# of times listening to one artist at a point in time) —> height
» Quantitative attribute (total counts of listening to one artist) > brightness/saturation

* Ordinal attribute (first time a songs were heard) —> hue; from cold to warm hues
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ine July Aug Sept

streamgraphs

* Layer order driven by aesthetic considerations
— Not too much “wiggling” in the baseline

— Deviation of a layer from a horizontal baseline
o Depends On the data the Order of the Phoenix
— With music artists: first peak and then many later resurgence

— With movies: peak then drop-off
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streamgraphs

-Tasks similar to stacked bar charts

— Part-of-the-whole relationship, finding trends

* Lookup and comparison can be difficult
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gantt chart

3/1 3/3 3/5 3/7 3/9 3/i1 313 3fi5  3/17

Conceptualize Event -

Select Vendors -
Hire Venue -
Hire Caterer -
Hire Event Decorations -
Hire Publicist -
_

Hire Designer



gantt chart

year 1 year 2 year 3

HAMBURG

ST ANDREWS

HAMBURG

Workshop ? Research Article targeted to Vis Community

ST ANDREWp

4.1 Cross-disciplinary Co-teaching

Research Article targeted to Vis Community
l Research Article targeted to DH Community

HAMBURG
4.2 Conference Organisation

Visual Synopsis Conference .

4.4 Anthology

Launch of Prototypes.



classitying visualisation techniques
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parallel axes
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visualizing many quantitative attributes

Scatterplots only show one pairwise
correlation at a time
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parallel coordinates

Parallel Coordinates of Automobile Data

cylinders displacement weight horsepower acceleration mpg year
8 455 cubicinch 5140 Ibs 230 hp 250 to QOmph) 47 milgsfgsllon 82

I

' - = l
3 68 cubicinch 1812 Ibs 48 hp 8 (0 to 60mph)

9 miles/galion 70

http://homes.cs.washington.edu/~jheer//files/zoo/ex/stats/parallel.ntml



parallel coordinates

cylinders

displacement weight horsepower scceleration mpg
455 cubicinch 5140 lbs 230 hp 25 (0 to 80mph) 47 miles/gsallon

w

68 cubicinch 1613 Ibs 48 hp 8 (0 to 80mph) 9 miles/gallon

http://homes.cs.washington.edu/~jheer//files/zoo/ex/stats/parallel.ntml
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parallel coordinates

cylinders displacement weight horsepower acceleration mpg year
8 455 cubicinch 5140 lbs 230 hp 25 (0 to €0mph) 47 miles/gallon 82

3 88 cubic inch 1813 Ibs 48 hp 8 (0 to 80mph) 9 miles/galion 70

http://homes.cs.washington.edu/~jheer//files/zoo/ex/stats/parallel.ntml



parallel coordinates

- Visualizing multiple quantitative/ordinal attributes

- Use of parallel axes

— Positive correlation: parallel lines
— Negative correlation: crossing lines

cylinders displacement weight horsepower acoceleration mpg
455 cubic inch 5140 Ibs 230 hp 25 (0 to 80mph) 47 miles/gallon

88 cubicinch 7 8 (0 to 80mph) 9 miles/gallon

http://homes.cs.washington.edu/~jheer//files/zoo/ex/stats/parallel.html
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parallel coordinates

- Finding correlations

* |dentifying ranges of particular attributes; extremes

* |dentifying outliers

* Ordering of axes is crucial

oylinders displacement weight horsepower accelerstion mpg

* Moderate number of attributes (approx. 12)

8 (0 to 80mph) 9 miles/gallon

http://homes.cs.washington.edu/~jheer//files/zoo/ex/stats/parallel.html

- Large number of data points (100s; not 1000s) | —p— 1= 1 "1 "
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parallel coordinates

fr_police junem
3

W -0 80

Fua et al., 1999

http://dl.acm.org/citation.cfm?id=319355

oot Ao
.50 4.0
47 % -3.00
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radial axes
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radial bar charts

- One categorical attribute; one quantitative value
- Use of radial position (angle) + length

— Angle as a visual variable is less accurate than rectilinear position

+ Angle is perceived cyclic rather than linear. Good for showing data
that has inherent cycles or periodic patterns

Bar chart

1/
¢I~

Radial bar chart
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pie charts

population

)

B<5 m5-13 m14-17 w18-24 m25-44 m45-64 =
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the first pie charts
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1801, William Playfair (Scottish engineer and political economist)
Chart comparing population, taxes and size of European countries



pie charts

* Area mark in radial layout

* One quantitative attribute — angle size + area size

» One categorical attribute —> radial position + colour (hue)
- Good for showing part-of-whole relationships population

an

@

m<5 m5-13 m14-17 m18-24 m25-44 m45-64 :m



misuse of pie charts

THE SMALL BUSINESS ADMINISTRATION REPORTS:

309%

new businesses

_\ 70%

5 1 o ./ new businesses
(o]

new businesses

https://www.shinobicontrols.com/blog/6-common-mistakes-with-data-visualization/
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pie charts

"scale » < 12 categories

Networks/Hosting Investor 1% _ PR 1% Cleantech 1%
1%

Mews 2%

Other 2%
Enterprise 2%

Mo Category 3%

Video 3%

Advertising 3%

Entertain
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pie charts

* Limitations & issues
— Angle and arc length not accurate to estimate
— Sizes of irregular areas are difficult to estimate
— Interference colour (hue) + area

m <5

= 5-13

population

m 14-17

m 18-24

m25-44 m45-64 =
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effectiveness principle | |
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order the slices from largest to smallest

0 Cabernet Sauvignon
O Sangiovese

O Prosecco

O Chardonnay

O Syrah

O Tempranillo

B Pinot Grigio

Steven Few. Save the pies for dessert.
https://www.perceptualedge.com/articles/visual _business_intelligen
ce/save_the pies for dessert.pdf -



order the slices from largest to smallest

Total Revenue by Product

0% 5% 10% 15% 20% 25% 30%

Sangiovese | ——
Pinot Grigio |
Prosecco |

0O Cabernet Sauvignon

Cabernet Sawignon
O Prosecco
O
Chardonnay N
O Syrah
_ O Tempranillo
Syrah B Pinot Grigio

Tempranillo |

Steven Few. Save the pies for dessert.
https://www.perceptualedge.com/articles/visual_business_intelligence/save the pies for dessert.pdf




pie charts vs. bar charts

* Pie charts: angle + area judgement

* Bar charts: length judgement

population

population

16,000,000
14,000,000
12,000,000
10,000,000

8,000,000

6,000,000

4,000,000
2,000,000 -
0
<5 5-13

Y

14-17 18-24 25-44 45-64 m<5 ®m5-13 ®14-17 =w18-24 m25-44 w4564 =




donut charts

- One quantitative attribute; one categorical attribute
-Area mark in radial layout; angle, arc length, area size

- Part-of-whole relationship population

-< 12 categories r.

m<5 =5-13 =14-17 18-24 m 25-44 m45-64
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polar area chart

* Area mark in radial layout
* One gquantitative attribute = length/area size

» One categorical attribute = radial position + colour (hue)

- Part-whole relationship
-< 12 categories

* Closer to bar chart

» We still perceive differences in area

40



stacked polar area chart

* Wedges = months

* Radius (measured from centre
— Death rate

* Colour (hue

— Causes of deaths

— Blue = contagious diseases (e.g., cholera or typhus)
— Red = wounds

— Black = other causes

* Area increases exponentially with radius
— Inaccurate perception of data

N
D
Q

Florence Nightingale, 1856
http://www.datascope.be/sog/SOG-Chapter5.pdf
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population

pie charts & polar area charts: problems

* Angle less accurate than length “A

<5 w5-13 = 14-17 18-24 m25-44 wmA45-64 =

* Area size difficult to judge or even misleading

* |Interaction between colour (hue) & area

* |n case of polar area chart
— Changes in radius increase area size in a non-linear way

* Problems with space efficiency




space efficiency: pie charts vs. normalized bar chart

100%
85 Years and Over
90%
80%
70% 45 1o 84 Years
80%.
50%
25 to 44 Years
40%
30%
18 to 24 Years
20%
111111 ‘ears
10% 51012 Ye
Under 5 Ye:
0%
UT TX ID AZ NVGA AKMSNMNE CAOK SDCO KSWYNCARLA IN IL MNDE HI SCMOVA |A TN KY AL WAMDNDOH Wi OR NJMT M| FL NY DCCT PAMAWVY RI NHMEVT

https://bl.ocks.org/mbostock/3887235 https://bl.ocks.org/mbostock/3886394



comparing multiple pie charts

“The only worse design than a pie chart is several of them,
for then the viewer is asked to compare quantities located in
spatial disarray both within and between pies.”

Edward Tufte, The Visual Display of Quantitative Information

2004 2005 2006 2007
* Company A
® Company B
* Company C
® Company D
& Company E
* Company F

Steven Few.
http://www.perceptualedge.com/articles/visual _business intelligence/save the pies for dessert.pdf
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when a pie chart might be ok "‘
[ — |
To show a “parts of a whole” relationship ‘

When dealing with few categorical attribute levels

When relative judgement is more important than accuracy

When there are no important subtle differences in the data

All of these points should apply!



radar chart/spider chart

 Parallel coordinates going radial

Administration

Information
Technology

Battery Capacity

=y

Farketing

Allocated Budget

— A ctual Spending

Development

Customer

Support
~_ —Usefulness
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radar chart/spider chart

* Side-by-side views

Wineg Beer Wing Beer Wine Beer Wine Beer
Spirits Other Spirits Other Spirits Other Spirits Other
Wineg Beer Wing Beer Wineg Besr Wine Beer
Spirits Other Spirits Other Spirits Other Spirits Other

Serbia

Wing

“E”

Spirits Crther

Switzerland

Wing Beer
Spirits Other

Wine /ﬂ

Spirits Crther

Turkmenistan

Wine Beer
Spirits Other




next week

More about tasks visualisation can (and should) support
Visualisation design guidelines

Reading: Munzner Chpt. 6: Rules of Thumb

Monday: Tableau Tutorial Il



