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BIG DATA ANALYTICS

Lecture 13: Data Visualization

Lecturer: Dr. Yang Lu

Email: luyang@xmu.edu.my

Office: A1-432
Office hour: 2pm-4pm Mon & Thur




How Can We Acquire Information?

Taste &
Smell
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Efficiency

Sound Signal
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Electronic / Light Signal
Look

Data source: “Information Visualization, Perception for Design” 3rd Edition, by Colin Ware



Definition of Data Visualization

® “The action or fact of visualizing; the power or process of forming a mental picture or
vision of something not actually present to the sight; a picture thus formed.”

-- Oxford English Dictionary.
= “.. finding the artificial memory that best supports our natural means of perception.’”
-- Bertin, 1983

" “The use of computer-supported, interactive, visual representations of abstract data
to amplify cognition.”

-- Cart, Mackinlay, Shneiderman, 1999
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Image vs. Number

Set A Set B Set C Set D
X Y X Y X Y X Y

0 10 8.04 10 9.14 10 7.46 8 6.58

1 8 6.95 8 8.14 8 6.77 8 5.76

2 13 7.58 13 8.74 13 12.74 8 7.71

3 9 8.81 9 8.77 9 7.11 8 8.84

4 11 8.33 11 9.26 11 7.81 8 8.47

5 14 9.96 14 8.10 14 8.84 8 7.04

6 6 7.24 6 6.13 6 6.08 8 5.25

7 4 4.26 4 3.10 4 5.39 19 12.50

8 12 10.84 12 9.13 12 8.15 8 5.56

9 7 4.82 7 7.26 7 6.42 8 791

10 5 5.68 5 4.74 5 5.73 8 6.89

mean 9.00 7.50 9.00 7.50 9.00 7.50 9.00 7.50

std 3.32 2.03 3.32 2.03 3.32 2.03 3.32 2.03
corr 0.82 0.82 0.82 0.82

lin. reg. y = 3.00 4 0.500x y = 3.00 + 0.500x y = 3.00 + 0.500x y = 3.00 + 0.500x
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Image vs. Words

News illustrated

Step1
Riding the horse

Dress classy
and dance
cheesy

Cross your
hands like
taking the
horse reins
and pulse

up and

down

Do small
jumps with
your legs
spread like
you are riding

Source: You Tube
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GANGNAM
STYLE

The 5 basic steps

Step 2
Lassoing the sexy lady

Lassoing
motion with

yourright S
arm

Continue
with the
horse-riding

movement
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Image source: https://visual.ly/community/Infographics/entertainment/gangnam-style-5-basic-steps

I

The sudden explosion of a
South Korean entertainer
called Psy, has given the
world Gangnam Style. It is

world on fire and has a set

for your perusal

Step 3

Now everybody is looking at me

Hands in pockets
or waist and
small hip side
movements
combined with
the foot steps

Slight kick

with the right

leg. Alternate
with small
Jjumps with
the left leg

8/
Footsteps A

setting the music and dance

sequence. We simplify them

o

Finish this move

dragging the movements
right leg to the twice
left leg.

Footsteps B
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% When to use the steps during the chorus %

Step1 Step 2
Oppa is Gangnam style, ahhhh.. Gangnam style... Oh, oh ohoh oh, Oppa is Gangnam style...
Step1 Step 2 Step 3or Step1 ( the last
ahhhh... Gangnam style... Oh, oh oh oh oh, Oppa is Gangnam style... Eeeeeh- Sexy Lady... :
Step1or Step 2 (nthelast cr Step 4 Step S (onlyat the end
Oh, oh oh oh oh, Oppa Is Gangnam style... Eeeeeh- Sexy Lady oh oh oh oh. Oppa is Gangnam style.

Step 4
Combine a few ‘sexy’ moves

Step 5
Finish with a cool pose

Now move
your hips to
the outside
with quick

'/ Cross your

hands

over your
left leg

wr
shape
with your
fingers

Spread and flex

your legs. Move

your body up
and down
three times

Spread your arms and raise your right leg
(position A). Now get down quickly on
your right leg and flex the left one. Now

rotate your right arm and with your hand
touch your chin doing a “L” shape with

your thumb and index fingers (position B)

Rotate your right
leg three times,
maintaining the
| ] body position.

HUGO A. SANCHEZOGuIf News
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https://visual.ly/community/Infographics/entertainment/gangnam-style-5-basic-steps

Increasing : Decreasing :
Bullish Candle Stick Bearish Candle Stick
High High
Close Open
Open Close
Low ‘ Low ‘
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Image source: https://en.wikipedia.org/wiki/Candlestick chart
https://datavizcatalogue.com/methods/candlestick chart.html



https://en.wikipedia.org/wiki/Candlestick_chart
https://datavizcatalogue.com/methods/candlestick_chart.html

Example: Summarization of Airlines in United States
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Image source: Holten, Danny, and Jarke J. Van Wijk. "Force-Directed Edge Bundling for Graph VisualizaCon." Computer Graphics Forum. Vol. 28. No. 3. Blackwell Publishing Ltd, 2009.
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Example: COVID-19 Pandemic by Country and Territory
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Image source: https://en.wikipedia.org/wiki/COVID-19 pandemic_by country and territory



https://pandemic.internationalsos.com/2019-ncov/covid-19-data-visualisation
https://en.wikipedia.org/wiki/COVID-19_pandemic_by_country_and_territory

Basic Diagrams for Data Visualization

= Bar chart
= Histogram
® Line chart
= Pie chart

® Scatter plot
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Bar chart

Human Losses of World War Two by Country
@in milions Oas % of a country population
2 4 § g 1p 12 14 16 18 20 22 24 26

L

Soviet Union T | | |

= Presents categorical data. =

® Clothing ® Equipmen! t ® Accessories

Cherry St.

= The bars can be plotted ——

I — —
o —
. . .'F
vertically or horizontally. e ==
un al 1 . Peach St.
=]
)
=]
o
=
)
=]
=7

Strawberry Mall

= |f the total amount of each 7]
subject is meaningful,
stacked bar chart can be
adopted.

Lime Av.

Apple Rd.

Bar chart Stacked bar chart
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Image source: https://en.wikipedia.org/wiki/Bar chart



https://en.wikipedia.org/wiki/Bar_chart

Histogram

= Put continuous data into bins.

® The bin size is important to visualization effect.

5.0 ro 3.0 10.0-
4.0 8.0
> > >
o
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Age Bins too small Bins too large
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Image source: https://statistics.laerd.com/statistical-guides/understanding-histograms.php



https://statistics.laerd.com/statistical-guides/understanding-histograms.php

Line Chart

Product Trends by Month
100
90

o L\
= Compared with bar chart, line chart focuses on o Destops
P N\ . _=

50
v \ == Laptops

the changes (increasing / decreasing) and trends. . S Tablets

30

20
0 T
Jan Feb Mar Apr May Jun

TechOnTheNet.com
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Image source: https://www.techonthenet.com/excel/charts/line _chart2007.php



https://www.techonthenet.com/excel/charts/line_chart2007.php

Pie Chart

I Hispanic
B White
0.3% [ African American
8.9% i I American Indian
[ Asian/Pacific
Other

9.3%

= Pje chart focuses on
the percentage.

45.4%

Normal pie chart
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Image source: https://www.originlab.com/doc/Origin-Help/2D-Pie-Chart
https://www.clipartkey.com/view/xbR]w] multi-level-pie-chart-pie-chart-with-multiple/



https://www.originlab.com/doc/Origin-Help/2D-Pie-Chart
https://www.clipartkey.com/view/xbRJwJ_multi-level-pie-chart-pie-chart-with-multiple/

Scatter Plot

Does studying increase your grade?

100 7 S
90 1 . 3 °*
80 . I ‘ : -
= Display values for typically two variables for a set e
¥ 60 1
of data. g ol
_ £ 4w
" How can we add another variable, e.g. age? w0
20 1
10 4
° 0 1 2 3 ; 5 6 7
Study Time (hours)
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Image source: https://www.ckl2.org/statistics/scatter-plots/lesson/Make-a-Scatterplot-to-Represent-Data-MSM8/



https://www.ck12.org/statistics/scatter-plots/lesson/Make-a-Scatterplot-to-Represent-Data-MSM8/
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Image source: https: //cmdlmeups com/2019/04/how-to-specify-colors-to-scatter-plots-in-python/
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Use color map for continuous variable
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https://support.goldensoftware.com/hc/en-us/articles/360026243053-Create-a-gradient-colored-scatter-plot-with-color-scale-in-Grapher
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https://cmdlinetips.com/2019/04/how-to-specify-colors-to-scatter-plots-in-python/
https://support.goldensoftware.com/hc/en-us/articles/360026243053-Create-a-gradient-colored-scatter-plot-with-color-scale-in-Grapher

Bubble Chart

Average Technology Salary

$140,000

= Can we add the fourth variable?

130,000

= Use the size of bubble to show the

magnitude.

" For more examples:

https://www.mekkographics.com/r

Washington New

110,00¢ D.C.

Boston

90,000+

esources/charts-by-type/bubble/

@ High
Growth &
Cost
High
Growth
Low Cost

® Low

York Growth &

Cost

ladelphia Low

Denver Growth

High Cost

‘ SF Bay Area

Seattle

Houston— Austin Atanta

&
I Toronto 150,000

Total Tech
Jobs

Chiclago

Montreal
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Growth in Technology Jobs (2012-2017)

Technology markets in north America
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Image source: https://www.mekkographics.com/resources/charts-by-type/bubble/



https://www.mekkographics.com/resources/charts-by-type/bubble/
https://www.mekkographics.com/resources/charts-by-type/bubble/

Advanced Diagrams for Data Visualization

= Network

" Streamgraph

= Treemap

= Heatmap

= Sankey diagram
® Chord diagram
= Word Cloud
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Show the relationship
between entities and
clusters.

Additional information
can be added by color,
vertex size, edge
weight, etc.
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Image source: https://medium.com/neo4j/hands-on-graph-data-visualization-bd [ f0552492d



https://medium.com/neo4j/hands-on-graph-data-visualization-bd1f055a492d

Streamgraph

Daily confirmed coronavirus cases
April 4 —
Total daily cases )

101,503
The US now accounts —

for nearly one-third of
global daily cases

= Similar to line chart, but with W GtegoyA [ CategoryB
more visual impact.

March 1
Total daily cases

2,359

® The x-axis is usually time, so
that the value changed and
total amount along time can
be focused.

Time

V

Mar 1 Mar 8 Mar 15 Mar 22 Mar 29 Apr 4
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Image source: https://twitter.com/hashtag/streamgraph



https://twitter.com/hashtag/streamgraph

Treemap

= Similar to multilevel pie chart, but with more
clear labelling, structures and color information.

® This example shows the 2016 United States
presidential election results in Florida by
county, on a color spectrum from Democratic
blue to Republican red.
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Florida Counties
United States presidential election, 2016

Percent difference

Image source: http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-Code.html



http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-Code.html

College major of wife and husband: College graduates married in the previous year
Couples in which women married for the first time only; 2009-2016 American Community Survey (N=27,806)
Ratio of observed to expected frequency

Philip N. Cohen

HUSBAND

WIFE 1 2 3 .4 5 6 *7 8 9 10 1T 1> 13 14 15 16 17 18 19 20 21 22 23 24 25 26: 27 28
H e at Ma p 1 Agriculture ‘ T 11 9 10 15 7 17
2 Environment NatRes 9 7 Sl 5 1.3 B 23
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https://blogs.sas.com/content/iml/2018/04/30/married-couples-major-heat-map.html

Exports
Refined Products
1,73 MBD

Where is
petroleum in

S k D . Exports
. . 0.03 MBD
dNKey vlagram our daily lives
Crude Oil [— = .
Stock Change
MDB = million barrels a day 0.12 MBD FEEDSTOCK
1 Barrel = 42 Gallons Petro Products

2,69 MBD

DOMESTIC OIL s"‘:’"i‘"Y
roduction
PRODUCTION B
4 Qgh'BD Commercial

0.30 MBD

Residential
0.68 MBD

Transportation
13,65 MBD

= Show the data flow.

IMPORTS
48.6%
Crude Oil
Imports
9,76 MBD

FUEL/ENERGY
12,99 MBD

= The width of the
arrows is proportional
to the flow rate.

Crude Oil
Adjustments
0.08 MBD

|
Other Liquids MANUFACTURING

Refinery and 1,89 MBD
Blender Net Inputs
1.87 MBD

NGPL Refinery and
Blonder Net Inputs
049 MBD

USA
Consumption
23MDB Finished Petroleum  Refined Products
Processing Gain Products Imports

0.97 MBD 0.43 MBD 1,63 MBD
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Image source: https://www.ipoint-systems.com/blog/from-data-to-knowledge-the-power-of-elegant-sankey-diagrams/

o

(2]

3]

Transportation

gasoline

Food

food transport

Waste

transport of waste

energy used to
transport water

Energy &
Eleclv?’clty

electricity for lightning
and heating/ air condstio-
ning. fuel for heating

Health & Hygiene

Communication &
Entertainment

energy for communi-
cation/entertainment
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https://www.ipoint-systems.com/blog/from-data-to-knowledge-the-power-of-elegant-sankey-diagrams/

Chord Diagram

A chord diagram represents flows or
connections between several entities (called
nodes).

= Each entity is represented by a fragment on
the outer part of the circular layout.

® Then, arcs are drawn between each entities.

m The size of the arc is proportional to the
importance of the flow.

= This example shows the number of people
migrating from one country to another.

24
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Image source: https://www.data-to-viz.com/graph/chord.html



https://www.data-to-viz.com/graph/chord.html

Word Cloud

= Visually show a group of
words with different
frequency.
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Image source: https://medium.com/fullstackwebdevelopers/word-cloud-jieba-generating-fancy-word-cloud-and-word-frequencies-report-858713 109e5d
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https://medium.com/fullstackwebdevelopers/word-cloud-jieba-generating-fancy-word-cloud-and-word-frequencies-report-858713109e5d

Data Visualization with Animation
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Image source: https://medium.com/@EvanSinar/use-animation-to-supercharge-data-visualization-cd905a882ad4
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Data Visualization Workflow
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Data Visualization Tools

= Tableau: an interactive data visualization software.

= Check more examples on Tableau Gallery.

® D3.js: a JavaScript library for producing dynamic, interactive data visualizations in
web browsers.

= Check more examples on the official site.

= Python with data visualization packages, e.g. matplotlib, seaborn, plotly, ggplot and
altair.

= For network, we can use iGraph and Networkx packages.
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https://public.tableau.com/en-us/gallery/%3Ftab=featured&type=featured
https://d3js.org/

Conclusion

" The same data can be represented in a variety of forms.

" |t depends on the focus of an analyst’s view point.

AT\ XIAMEN UNIVERSITY MALAYSIA

) BRI B AR

30

@) BITASERSE

3& 4
\&z==/ SCHOOL OF INFORMATICS XIAMEN UNIVERSITY




Conclusion

Making data into art

Information is beautiful
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Conclusion

After this lecture, you should know:
= Why do we need data visualization.
= What are the basic data visualization charts.

= Which chart should be adopted for different cases.
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Assignment 5

= Assignment 5 is released. The deadline is 18:00, 13th July.

AT\ XIAMEN UNIVERSITY MALAYSIA

el

) BRI B AR

33

@) BITASERSE

3& 4
\&z==/ SCHOOL OF INFORMATICS XIAMEN UNIVERSITY




Thank youl!

= Any question?

= Don’t hesitate to send email to me for asking questions and discussion. ©
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