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Computational Thinking

Data Visualization

Instructor: Firas Moosvi
Department of Computer Science
University of British Columbia



Agenda

* Project Reminders

 Topic switch (Data Visualization this
week, Data provenance next week)

 Data Visualization!
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Admin




Course Admin

* Project Milestone 2 feedback released last week!
— Some of you needed to resubmit, TAs are looking at the
resubmissions now - do not wait for approval, start working
on Milestone 3!
— Visit TA student hours for feedback

* Project Milestone 3 is due Nov. 19th at 6 PM
— Note that in Labs this week there will be an activity where you
can share your ideas and drafts with others and get feedback.
- Please make sure you have something to share with others!
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Learning Goals

After this today's lecture, you should be able to:

Describe how images are stored in computers

Explain the concept of bitmap images & how they are divided into pixels.

Define visualization and explain its role in computational thinking.

— Describe how visual data representation helps in understanding
patterns, trends, and insights.

— Differentiate between explanatory and exploratory visualization.

Create different types of visual representations for a provided dataset.



Pixels &
Computer




How are Images Stored?

* There are two ways that computers commonly store images. The
most common is a bitmap — the picture is chopped up into small
little squares called pixels.

« Each pixel’s colour is stored in RGB.




each of which contain

Bitmap Pixels

* The image is split into smaller pixels
Red, Green and Blue




Bimap Pixels

« Bitmap image representation example

IR 12 345 6

———————————— o 2

Note: the bitmap is ....

06 02
S5CO009A 35A4A0 5C009A 5C009A 35A4A0 5C009a
5C009A 5CO009A 5C009A 5C009A 5C00%A 5C009A



Bimap Pixels

« Bitmap image representation example

12345356

06 02
S5CO009A 35A4A0 5C009A 5C009A 35A4A0 5C009a
5C009A 5CO009A 5C009A 5C009A 5C00%A 5C009A



Bimap Pixels

« Bitmap image representation example

12345356

?
G oo

S5CO009A 35A4A0 5C009A 5C009A 35A4A0 5C009a
5C009A 5CO009A 5C009A 5C009A 5C00%A 5C009A




Bimap Pixels

« Bitmap image representation example

IR 12 345 6

———————————— - 2
/ width & height
06 02

S5CO009A 35A4A0 5C009A 5C009A 35A4A0 5C009a
5C009A 5CO009A 5C009A 5C009A 5C00%A 5C009A







Q: Which image has the following bitmap?

iClicker
04 03
5C009A 35A4A0 5C009A 5C009A 35A4A0 5C009A
5CO009%9A 5CO009A 5C009A 5C009A 5C009A 5cC009A

1234 12 3

1
2
4

123456




Q: Which image has the following bitmap?

iClicker

04 03
5CO009%A 35A4A0 5C009A 5C009A 35A4A0 5C009A

5CO009%A 5CO009%A 5C009A 5C009A 5C009A 5C009A
1234 123

123456 1- 1
2 2
3 :
4 17




Data
Visualization




What is Visualization?

* Also known as visual data representation

« The process of representing data graphically to make it easier to
understand patterns, trends, and insights. Instead of raw numbers
or complex tables, we use charts, graphs, and maps to
communicate information effectively

19



What is Visualization?

 Explanatory: There is something in your data you would like to
communicate to your audience

« Exploratory: You are trying to explore and understand patterns
and trends within your data.

20



Why Visual Data
Representation?




Why Visual Data Representation?

 Vision is our most dominant sense
« We are very good at recognizing visual patterns

* We need to see and understand in order to explain, reason, and
make decisions:

— Makes complex data easier to understand
— Supports better decision-making

— Improve communication

22



Why Visual Data Representation?

« Can you see any differences in the general trends of these four
sets of numbers?

I I I11 IV

10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76
13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.1 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25

4.26 4 3.1 4 5.39 19 12.5
12 10.84 12 9.13 12 8.15 8 5.56
7 4.82 7 7.26 74 6.42 8 7.91

5 5.68 5 4.74 5 5.73 8 6.89



Anscombe's
Quartet




Four datasets that share the same descriptive statistics,
including mean, variance, and correlation.

10

13

11
14

12
7

5

8.04
6.95
7.58
8.81
8.33
9.96
7.24
4.26
10.84
4.82
5.68

II

10 9.14
8 8.14
13 8.74
9 8.7
11 9.26
14 8.1

6.13

3.1
12 9.13
7 7.26
) 4.74

I11

10 7.46
8 6.77
13 12.74
9 7.1
11 7.81
14 8.84

6.08

5.39
12 8.15
7 6.42
) 5.73

IV

O 0 0 0 0 @ o0

6.58
5.76
7.71
8.84
8.47
7.04
5.25
12.5
5.56
7.91
6.89
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Other Example:
Datasaurus
dataset (i



https://www.research.autodesk.com/publications/same-stats-different-graphs/
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Activity
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Activity

* Visualize the dataset below in at least 5 different ways.

« Sketch on paper
OR use a tool (e.g.Excel)

Ice Cream Flavour
Chocolate
Vanilla
Mint
Strawberry
Matcha
Blueberry
Coffee

Count
50
43
31
35
12
43
66

30



Debrief



Welcome to the wonderful world of
Data Visualization!

OREILLY"
o L Fundamentals
H g h ly of Data

recommend this Visualization

A Primer on Making Informative
and Compelling Figures

as a reference!

Claus O. Wilke

32


https://clauswilke.com/dataviz/
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| HOLE RELATIONSHIP

Relates the part of a lllustrates correlations or relationships
variable to its total between variables

Relates data to its geography
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Principles of Effective Visualizations

Principle Definition Examples

. The amount of ink used to indicate a  Truncating the y-axis on a bar chart to exaggerate
P roportlonal Ink value should be proportional to the value the difference between bars violates the principle
itself. of proportional ink.

Lighten line weights, remove backgrounds, never

® Data:ink IatiO Remove dlstractn}g visual elements to use 3D or special effects, remove avoid
focus attention on the data
unnecessary/redundant labels.

Use axes labels and titles to highlight/ Never leave your data column names as axes
Labe].S & legends communicate data labels! Generally good to add a title.

To fix overplotting, could plot just a sample

e Overplottin With lqge <'iatasets, points overlap, subset of the data, use alpha, and use smaller
rp g TeE g g elc onts ola e points. Or, jitter - but check if appropriate!

Pick the simplest plot that best shows most/all of
Must be informed by the data you have, the data needed to answer the research question.

L4 V1sua11zat1on ChOlce the research question being asked and If you only have summary statistics, cannot show
the audience that cares. distributions. Tailor the visualization to your
audience (within reason) but don’t dumb it down.
Colour can be used to encode Choose a perceptually uniform colour palette;
x e information or for aesthetics/style/ can be sequential or diverging for quantitative
e Colour & ACCGSSlbI].It'Y design. However, colour can also be data. Opt for colour-blind friendly palettes.
distracting if used inappropriately or Categorical data can use qualitative colour

poorly. schemes.







A REALLY HARD THING

Q..

HOW IT FEELS HOW IT WILL FEEL HOW IT WILL FEEL
RIGHT NOW IN A FEW MONTHS IN A FEW YEARS

L1Z FosSsLIEN




Preview for next
class...



Learning Goals

After this today's lecture, you should be able to:

» Define infographics and their role in conveying information effectively.
— Understand the difference between infographic vs. visualization

» Recognize, define and apply high-level principles of infographic design

 l|dentify strengths and weaknesses in infographic designs based on
high-level principles.

39



Infographics
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What are Infographics?

"Information graphics or infographics are visual
representations of data, information, or knowledge intended to
present the idea quickly succinctly, and clearly.” (wikipedia)

« Static representation that conveys a specific message
« Typically includes graphics and stats (but it doesn’t have to)

* Images used do not necessarily have to encode data

42



Infographics vs. Visualization

* An infographic is a static representation that conveys a
specific message. It typically includes graphics and stats
but doesn't have to.

* Visualization can be an interactive or static
representation that primarily uses visual marks to encode
data.

43



Why Infographics?

Improve Comprehension and Retention
— mix of text, visuals, and icons to break down complex ideas

Enhance Engagement
— attracts more attention than plain text

Simplify Data and Statistics
— make numbers more understandable*
- * = simplification should not compromise the accuracy of the data
Increase Information Accessibility
— bridge language and literacy gaps by using icons, symbols, and
structured layouts

44



Examples:
Transit Maps
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Other
Examples



UBCLibrary Snapshot

UBC Library advances research, learning and teaching excellence by connecting
communities within and beyond UBC to the world's knowledge. The Library, a high-
ranking member of the Association of Research Libraries (ARL), is the largest library
in British Columbia and provides access to expanding digital resources and houses an
on-site digitization centre. For more information, visit library.ubc.ca.

bh))

15 branches across

315 full-time staff
+ 88librarians

* 184 management & support staff
« 43 student employees

Rankings

* 14 out of 115 university libraries
in the Association of Research
Libraries (ARL)

* 2nd among Canadian academic
libraries (ARL)

= clIRcle, UBC's information
repository, ranks 2nd in Canada

2 campuses and 44th globally among 1,650
repositories.
LECTIONS LIBRARY 79* 78
RESOURCES aleTeon
More than 7.4m volumes P> | Expenditures shifting
More than 1.8 M e-books —— | from print to electronic " 22+

330,000¢¢-journals -
500,000+ itemsin
locally produced digital collections =

More_”lan
5 million e-book downloads

8 million e-journal downloads

PRINT
ELECTRONIC

s Lye s

2002/2003 2013/2014

m 3.8m*

Visits JAN-DEC 2013)

UBC Library on SOCIAL MEDIA

Twitter 4'8K
16 accounts

Facebook 9 '9 K

Librarians provided
1,768 instructionals

.. .. to more than 41,427

participants

and answered

reference questions
* 54,648 in-person
= 10,756 online
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UBC Library Snapshot

UBC Library advances research, learning and teaching excellence by connecting
communities within and beyond UBC to the world's knowledge. The Library, a high-

ranking member of the Association

of Research Libraries (ARL), is the largest library

in British Columbia and provides access to expanding digital resources and houses an
on-site digitization centre. For more information, visit library.ubc.ca.
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Expenditures slhifting
from print to electronic
% 22

PRINT
ELECTRONIC

EL = =

2002/2003 2013/2014

E

Visits JAN-DEC 2013)

library.ubc.ca 11 .1 M+

UBC Library on SOCIAL MEDIA
Twitter 4'8K

16 accounts

Facebook 9,9 K

Librarians provided
1,768 instructionals
.- .‘ to more than 41,427

participants

and answered

reference questions
* 54,648 in-person
= 10,756 online

Look at all the

did, together ...

individual donations

441,108

volunteer hours logged

positive actions taken

AP

2

1.2+ more than 2020

amazing things we

Y TaTq/ ﬁom( ”iﬂgs

Company:
Benevity
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Principles for Infographics

« Simplicity

« Consistency

 Visibility
« Navigability (structure)

. Suitability
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Principles for Infographics

Simplicity — minimal text, clear message, avoid clutter

Consistency

Visibility
Navigability (structure)

Suitability
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Principles for Infographics

Consistency — layout and design elements should be consistent.
— 2 to 3 font sizes, colour scheme

Visibility
Navigability (structure)

Suitability
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Principles for Infographics

* Visibility — appropriate font sizes, colors that contrast

« Navigability (structure)

. Suitability
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Principles for Infographics

« Navigability (structure) — clear order to follow, use scale/proportion
to emphasize key points/headings

. Suitability
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Principles for Infographics

Simplicity — minimal text, clear message, avoid clutter

Consistency — layout and design elements should be consistent.
— 2 to 3 font sizes, colour scheme

Visibility — appropriate font sizes, colors that contrast

Navigability (structure) — clear order to follow, use scale/proportion
to emphasize key points/headings

Suitability — right data for message, right graphic for the message,
right metaphors for the audience
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— 2 to 3 font sizes, colour scheme

Visibility — appropriate font sizes, colors that contrast
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to emphasize key points/headings
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Made in France

France exported $572 billion of goods in 2015, making it the sixth largest exporter in the world. While

aircraft, cars and medicines are the country’s highest-valued goods, there are many other exports to
varied markets

FRENCH EXPORTS AND TOP 10 IMPORTERS

Source: Trade Map/UN Comtrade 2016
Wine. Jewelery Pecfume Cothing Cheese Boked goods Chocolate Pantings.

TomL $9.158N 54.488N 54.358N 5428N 533388 SI76BN  SLITBN SOT7BN

ToP10 S6.868N N

WRORTERS
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Made in France

France exported $572 billion of goods in 2015, making it the sixth largest exporter in the world. While
aircraft, cars and medicines are the country’s highest-valued goods, there are many other exports to
varied markets

FRENCH EXPORTS AND TOP 10 IMPORTERS ‘Source: Trade Map/UN Comtrade 2016
Wine oot Pertume Gething Gheese  Boledgoods Chosolie Faveis
TOTAL $9.05BN $4.488N. $4.35BN. $4.2BN $3.338N S$176BN  $1.37BN SOJ7BN
sesoan m St0saN 018N FRENCH EXPORTS AND TOP 10 IMPORTERS Source: Trade Map/UN Comtrade 2016
Wine Jewellery Perfume Clothing Cheese Baked goods Chocolate Paintings
ToTAL $9.15BN $4.488N $4.35BN S4.28N $3.338N SI76BN  S137BN SOT7BN
TOTALOF
ToP10 $6.868N S4UTBN S2.978N S2.67BN SLOSBN SO71BN
IMPORTERS

® H

i

BLULL URUS WL LA

] L
8

Belgium
Ke

Switzerland
Netherlands
Hong

ALTERNATIVE EXPORTS AND MOST POPULAR MARKETS Source: Trade Map 2016
E J

g, iy v
ALTERNATIVE EXPORTS AND MOST POPULAR MARKETS Source: Trade Map 2016 J 0 - ° . ‘
-~ T & wee. @ Qo &
. 0 - ® = L IOTAL  SAUSAGES TOTAL CIGARS AND TOTAL ‘smom‘
L. w _Q ®® $387M S AR SITL e L s TOTAL  HORSEMEAT

AND TRUFFLES $46.5M

e = o cavin oL ceaRsano TOTAL  MUSHROOMS 1000 NoxseEaT T 01 Spain Germany $53.1M | Belgium 01 Belgium 515.11 [N oy
o srom kRS i e i
o 2 UK 49.6M > =
o1 spun Gy EEE o s B oo e B v BelghVLuembous 2 UK = orspan KD ) Germany 02 Switzeriand
$43.9M SHOM yX 03 i
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Made in France Slm ||C|t
France exported $572 billion of goods in 2015, making it the sixth largest exporter in the world. While

aircraft, cars and medicines are the country’s highest-valued goods, there are many other exports to
varied markets

— use of a sankey diagram does not help
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text at the bottom is very hard to read

X Suitability

what is the focus of the infographic?
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France exported $572 billion of goods in 2015, making it the sixth largest exporter in the world. While

aircraft, cars and medicines are the country’s highest-valued goods, there are many other exports to
varied markets

use of a sankey diagram does not help
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Il - X Visibility

text at the bottom is very hard to read

X Suitability

what is the focus of the infographic?

Navigability

top to bottom

Consistency

colour theme 64




Infographics vs. Visualization

* An infographic is not a type of visualization, as it could just
be made up of words and images. (e.g., 70% of children
like chocolate ice cream with a picture of an ice cream
cone).

* The images in an infographic do not necessarily have to
encode data. So you can have infographic that has an
emoji, an image of an animal, food, but not encode
quantitative data with the images (e.g. no bar charts).
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