Lecture 5

Data Visual Design

Haoyu Yue / yohaoyu@washington.edu

Ph.D. Student, Interdisciplinary Urban Design and Planning
University of Washington

RE 519 Real Estate Data Analytics and Visualization
Course Website: www.yuehaoyu.com/data-analytics-visualization/
Autumn 2025



mailto:yohaoyu@Washington.edu
http://www.yuehaoyu.com/data-analytics-visualization/
http://www.yuehaoyu.com/data-analytics-visualization/
http://www.yuehaoyu.com/data-analytics-visualization/
http://www.yuehaoyu.com/data-analytics-visualization/
http://www.yuehaoyu.com/data-analytics-visualization/

Data Visualization Principles

A Framework for Visualization from Tamara Munzner

Actions of Data Visualization - users’ actions toward visualization

Target of Data Visualization - what part of data that users are focusing on

The Choice of Visualization Idioms - which form best present it

Marks and Channels - how to encode them visually

Expressiveness vs Effectiveness - key standards for good visualization

Elements of A Single Graph -> components in a graph

User Experience and Organization - how people will use and understand the visualization
Graphic Interaction - how people can interact with the visualization

It represents a thinking flow — from understanding the goal of visualization, to
selecting the right form, to ensuring clarity, usability, and interaction.
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Expressiveness + Effectiveness

Expressiveness: Matching channel to data type

Expressi vs Effecti

A visualization is expressive if it represents all of, and only, the facts in the data set being visualized.

Accuracy ranking of Ranking of perceptual tasks
quantitative perceptual tasks Quantitative Ordinal Nominal
— Position Position —— P0sition
More accurate l:)su.m Length Density Color Hue
LI — Angle Color Saturation Texture
Length Slope N Color Hue Connection
p— Area X Texture Containment
Volume Connection Density
;gle ?pe Density Containment Color Saturation
V ~ Color Saturation Length Shape
Area Color Hue Angle Length
Qe - Slope Angle
Area Slope
Volume Volume Area
‘ @ [ ::Shape: Volume
Color Density

Note: The tasks shown in the gray boxes are not relevant to these types of data.
Less accurate s(h'\f,?,n) . Source: Mackinlay, J. (1986). “Automating the Design of Graphical Presentations of Relational
Information.” ACM Transactions on Graphics (TOG), 5(2), 110-141.
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Expressiveness + Effectiveness

Effectiveness: Choosing the channels by importance ordering

Expressi vs Effecti

Accuracy ranking of
quantitative perceptual tasks

— (] (]
More accurate Position R I

2.0 2 8

Length

—— —_— )

8
Angle Slope
VvV

Area é 2

Qe

Volume

{ oo o
Color Density One sentence takeaway

Less accurate S(}r:)(\):m) ©

Use elements at the top of the list for important variables

UNIVERSITY of WASHINGTON

RE 519 Data Analytics and Visualization | Autumn 2025



Expressiveness + Effectiveness

They Made a Terrible Visualization...

Weekly Unemployment Insurance Claims
Source: Alabama Department of Labor

Historical Initial Claims by Week

Quantitative

Length
Angle
Slope

20722-3;25 Area
Volume

a0 Density

27,919 . - .‘ Color Saturation
A 20200811

77,515 Color Hue
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Expressi vs Effecti

Position + Position

Position + Length

Position + Area .'.

Source: From Data to Viz: hitps:/www.data-to-viz.com
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Expressiveness + Effectiveness

Expressi vs Effecti
Elements of Data Encoding: Position vs. Length
Which one is easier to read? Quantitative
Position
1 1 1 1 1 12 Length
— Angle
10 A 5 Slope
— Area
8 - ] Volume
. ¢ 5 5 Density
.E 6 - ] ] e Color Saturation
> 3 _4_ I Color Hue
‘1 . 2 3 Use elements with
. | ] 2 2 higher perception
) 1 N accuracy to present
1 . .
, . . . ; 0 your information
o 2 4 5] 8 10 12
A B c
Value

Source: W. Cleveland & R McGill, 1985, Graphical
Perception and Graphical Methods for Analyzing
Scientific Data
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Expressiveness + Effectiveness

Expressi vs Effecti
Elements of Data Encoding: Angle vs. Slope
M Quantitative
Which one has the largest ratio of the Position
c ' c slope of BC to the slope of AB? Length
Angle
Slope
Actually, the three groups have the Area
same ratio of the slope BC to the Volume
slope AB Density
Color Saturation
Color Hue
a B
' When presenting with elements of
lower perception accuracy, add
complementary graphics to help
A i the audience understand.
o ! Source: W. Cleveland & R McGill, 1985, Graphical
L /’//’r l Perception and Graphical Methods for Analyzing
£ 'C Scientific Data
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Expressiveness + Effectiveness

Expressi vs Effecti
’ .
Stevens’ Psychophysical Power Law
Channels: Expressiveness Types and Effectiveness Ranks
(3 Magnitude Channels: Ordered Attributes @ Identity Channels: Categorical Attributes Steven'’s Psychophysical Power Law: S= "

. —e— A . .
Position on common scale % Spatial region = ] .
2 &
—o— = :_q
Position on unaligned scale Color hue HEN ]
—— 5 ; Q
. . ) e o U
Length (1D size) -— Motion e ® . s
G v
c 44 @
o b
Tilt/angle | //_ Shape + ®© 0 A 'g
wv
o S 34 N
Area (2D size) -«mnl ¢ A g
% E:
Depth (3D position) —e —e E > 27
b
g
i ] @
Color luminance LR} | Y a 1 o
Color saturation ] [ ] /
= 0 . T T T T 1
Curvature ) ) D 0 L 2 3 4 5
E 2 Similar Figure with Mackinlay, J. (1986). Physica| |nten5i[y
Volume (3D size) w 9 Source: Tamara Munzner. Visualization
VN . v Analysis and Design (2014). Source: Tamara Munzner. Visualization Analysis and Design (2014).
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Expressiveness + Effectiveness
Data-Ink Ratio

Expressi vs Effecti

= Data ink / Total ink use in graphics

= Proportion of a graphic's ink devoted to non-redundant display of data.
= 1.0 — proportion of graphics that can be erased.

Remove backgrounds Direct label
D Calories per 100g for different foods  rFrenc Calories per 100g
Fries

9 600 E Potato

= | Chips

% 00 a Bace:n

Y 400 4

;300 | EPizza

£ 200 | Dchili Dog

=

Z 100 |

0 ’ )

French Potato  Bacon Pizza  ChiliDog F;Iegcsh p;;‘a[f Bacon Pizza  Chili Dog
Fries Chips .

Type of Food
yarkhorse Analytics

Darkhorse Analytics darkhorseanalytics
darkhorseanalytics
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Expressiveness + Effectiveness
Data-Ink Ratio

Expressi vs Effecti

THE COSMETICS DOLLAR
Where it goes

THE COSMETICS DOLLAR

Where it goes

A MANUFA(_’

Interest & other eapenses

B¢ ingredients

Heat, light, salaries, wages & profits
40 cents.

‘0 e
€: RETA\Y

Source: Bateman et al., CHI 2010

Chartjunk is not always harmful. In some cases, it may even increase
the memorability and engagement of a visualization.
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Elements of a Single Graph

Elements of A Single Graph

Washington State Monthly Apartment Rent Changes Since Covid-19 Title
Apartment Rent Compared to December 2019 by Quality Levels and Number of Bedroom. Data Source: RentHub, 2019-2022 Subtitle
Studio 1 Bedroom 2 Bedrooms 3+ Bedrooms

Enc

+75% =

Defined as during January 2020 (First .
Covid-19 Case in Washington State) and July Annotatl on
2021 (End of Washington State of Emergency)

There are more
elements; please
refer to lab 04.

2019-12 2020-12 2021-12 2022-12 2019-12 2020-12 2021-12 2022-12 2019-12 2020-12 2021-12 2022-12 2019-12 2020-12 2021-12 2022-12 Axls
Quality Levels of Apartment Low Quality == Medium Quality === High Quality l_egend
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User Experience and Organization

U ser E X p er i ence User Experience and Organization

What motivates us at a deep level are the things that satisfy basic
psychological needs?

Autonomy wmsmm)  « Structure beats no structure — easy to navigate

Relatedness =mm) °+ No need to be too creative — keep content relevant to the audience

=mmp - Selectinformation and use guidance to make visualization intuitive

Competence
and easy to understand- it is not an 1Q test!
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User Experience and Organization

O I‘gan izatiO n- U n ity User Experience and Organization

Beaties AAAA oo

methods that ensure that
Helpl  RubberSoul  Revolver  Sgt.Peppers , HOCR - TIWNIe  lelow - apbeyRoad  Letite elements |n the des]gn (Color/
font, shape) appear to “go

Writing Percentage By Album

Hover over a bar to see details

Please Please  WithThe ~ AHard Day's Beatles For
Me Beatles Night sale

o I

I!- u I! ”
psireEreese together.
§ i 3

‘Writing Percentage by Artist Over Time Hover over a Beatle to highlight their contributions
John 50%

oS 11 P s “ -
Paul 50% N

i [ e O o O I o o ~ ~

George 0%

0% — —— e e . =
Ringo 50%
o% _ ] P _ —
Please With The AHard Beatles Help! ubber Revolver Sgt.  Magical The YellowS Abbey LetltBe
Soul

Ploase Beafles Days For Sale Peppers Mysiery White ubmarin Road L Ween )
‘ L 4

-
.

hY

J

Me Night Tour  Album

Author: Mike Moore. Source: https:/public.tableau.com/s/gallery/beatles-albums
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User Experience and Organization

Organization - Hierarchy User Experience and Organization
. . . Level ]l —m8 —g837 ,_
Hierarchy is the application of eI - e
design methods to indicate : =
. ) P Level 4 e
importance and “flow” within
the visual (size, placement) e ' il
I—evel 3 =" ConsULTATIONS CONVERSATION EDUCATION SESSIONS

Level 2 — 3,773 14,325 4,739

Level 5 —.  Ri01i75 tot2| of 1S t2tions

Level 6 —— / M/ /
7//

Author: Zainab Ayodimeji. Source: https://public.tableau.com/en-
us/gallery/sunny-street?tab=viz-of-the-day &type=viz-of-the-day
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User Experience and Organization

O rga n i Zati on - S i VA4S User Experience and Organization

BEFORE AFTER

Source: https://visme.co/blog/visual-hierarchy/
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User Experience and Organization

O I‘gan izatiO n - CO IO r Contrast User Experience and Organization

BEFORE

=5e =5 e =5e
=5e =5 e =5
=5+ =G =3+
=5e =5 e =mD)e
=5 =5 =5

Source: https://visme.co/blog/visual-hierarchy/
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User Experience and Organization

Organization - Using Font to Organize Design UserExperience and Orgarization

BEFORE

A

Source: https://visme.co/blog/visual-hierarchy/
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User Experience and Organization
Organization - Balance and Alignment o ee [

Balance and alignment are used to create

harmonious visuals that do not distract from the
message being communicated.

Alignment

L

Author: George Goczynski. Source:
https:/public.tableau.com/en-us/gallery/chicago-crime-scene

User Experience and Organization
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User Experience and Organization

Pick Crime Category

o . . o Y arls) i Hover anywhere on charts to explore! Property Crime
Organization - Grouping and Spacing B9 BOE0 B Ellmb oo iiens L o
xploring five decades of crime in the United States gy .Crime Rate State (1960 - 2012) State Population

ource: Uniform Crime Reporting Website — Click to View, . p
Source: Uniform Crime Reporting Website — Click to View All Crime Rates per 100,000 Population

Grouping and spacing can be used to associate
similar elements and provide a narrative or visual
flow within the visualization.

Forcible
Rape

Author: Shine Pulikathara. Source:
https:/public.tableau.com/en-us/gallery/50-years-crime-us

1960 med Okn mbOBGm 000 0 2080 e O] )b WO )N 2V 280 e

User Experience and Organization
Year Average Population (1960 - 2012)
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Consume + Practice are More Important

End of Data Visualization Principles

@060

From Data to Viz

Flowing Data
https:/www.data-to-viz.com/

https:/flowingdata.com/learning/

UNIVERSITY of WASHINGTON
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Information is Beautiful
https:/informationisbeautiful.net

Data Viz Project

https://datavizproject.com/
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Critique and Deceptive Visualization

Gun deaths in Florida

Number of murders committed using firearms

2005

Florida enacted
its ‘Stand Your
Ground’ law

400

600

800

1000 19905 I 20005 120105

Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 % REUTERS
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Source:
https://thesocietypages.org/socimages/2014/12/28/how-to-
lie-with-statistics-stand-your-ground-and-gun-deaths/
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Critique and Deceptive Visualization
Which means BAD!

Visualization is a way to communicate.

People can also use it to lie, distort, or redirect the truth, intentionally or unintentionally.

What makes bad figures bad?

* Aesthetic

* Tacky, tasteless, or hodgepodge design
* Substantive

* The way the data is being used is subpar, or the data itself is flawed. Wrong interpretation.
* Perceptual

* Good data & aesthetics, but the graph is confusing or misleading.

UNIVERSITY of WASHINGTON
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Iraq’s bloody toll Iraq: Deaths on the decline

The himfls.l}tillt‘l‘s Source:

https://www.infoworld.c
onvarticle/3088166/why-
how-to-lie-with-statistics-
did-us-a-disservice.html
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Critique and Deceptive Visualization

Common Deceptive Visualization
TRUNCATED AXIS

The value axis starts at ten. Liar, liar, pants on fire. The value axis starts at zero. Good.

5~

Bar charts use length as their visual
cue, so when someone makes the
length shorter using the same data by
truncating the value axis, the chart
dramatizes differences. Someone wants
to show a bigger change than is
actually there. (by Nathan Yau)

Source: Flowing Data by Nathan Yau https:/flowingdata.com/
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Critique and Deceptive Visualization

Common Deceptive Visualization

DUAL AXES

It uses two very different scales. Might be a forced causation argument.

10 —

— 10.7

— 10.6

— 10.5

— 10.4

— 10.3

— 10.2

- _
e === 10.1

Source: Flowing Data by Nathan Yau https:/flowingdata.com/

Degrees awarded

Bachelor's degrees awarded
in Engineering technologies
correlates with
The number of tire repairers and changers in Utah

19.8K 2.5K

19.0K 22K

18.3K 1.9K

17.6K 1.6K

16.8K 1.3K
2(;1 2 20I1 3 20|1 4 20I1 5 20l1 6 2(;1 7 20]1 8 20|1 9 20I20 20I21

Source: Spurious Correlations https://tylervigen.com

By using dual axes, the magnitude can shrink or expand for

each metric. This is typically done to imply correlation and

causation. “Because of this, this other thing happened. See, it's

clear” (by Nathan Yau)
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Critique and Deceptive Visualization

Common Deceptive Visualization

IT DOES NOT ADD UP

The parts add up to more than the whole, which is 100%.
For my next trick, I will turn this rabbit into a big bag of money.

80% 80% Some charts specifically show parts of a whole.
When the parts add up to more than the whole, this
is a problem. For example, pie charts represent 100
percent of something. Wedges that add up to more
30% 0% than that? Peculiar.

(by Nathan Yau)

Source: Flowing Data by Nathan Yau https:/flowingdata.com/
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Critique and Deceptive Visualization

Common Deceptive Visualization

SEEING ONLY IN ABSOLUTES

This is just population. When comparing across places, categories, or groups,
you must compare fairly and consider relative values.

‘ ,‘ . s
. "‘ ‘_? 1. Everything is relative. You can’t say a town is
" : ry" more dangerous than another because the first
b “ = . Y one had two robberies and the other only had
- s R ‘o one. What if the first town has 1,000 times the
= v AN A~ population that of the first? It is often more
) useful to think in terms of percentages and rates
N é Lt a rather than absolutes and totals.
. @ ” ;‘\
R 5 \.‘ (by Nathan Yau)

Source: Flowing Data by Nathan Yau https:/flowingdata.com/
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Critique and Deceptive Visualization
Common Deceptive Visualization

LIMITED SCOPE

It looks like ...but maybe that’s just what always happens, and it

something M happened less so during the selected time period.

increased

alot...

. It's easy to cherry-pick dates and
1 . timeframes to fit a specific
narrative. So consider history,
what usually happens, and
proper baselines to compare
against.
I WA DAL, s

Source: Flowing Data by Nathan Yau https:/flowingdata.com/
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Critique and Deceptive Visualization

Common Deceptive Visualization

AREA SIZED BY SINGLE DIMENSION
Thirty s three times ten, but that third rectangle looks a lot bigger than the first SUBSIDIZE THIS -

Might be trying to inflate significance.

20
THINGS THINGS

10
THINGS

If area is the visual encoding, then one has to
size by area. When someone linearly sizes an
area-based encoding, like a square or a circle,
they might be sniffing for dramatics. Source: Flowing Data by Nathan Yau htps:/flowingdata.com/

(by Nathan Yau)
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Reminders

* Lab 3 will be due tonight. However, if you cannot submit it via
Canvas due to AWS disruption, we can extend to October 21.
* We will not have class on October 22 because I'm heading to
Minneapolis for the ACSP Annual Conference 2025. Please use the
time to work on Lab 4.
* My office hours availability will be very limited this week, and my
response may have some level of delay.
* Next Monday (October 27), Drew Dolan (Principal of DXD Capital)
will give us a guest lecture on data-driven real estate investment. Thank you!

* We will have a participation task due next Monday.

Haoyu Yue / yohaoyu@washington.edu

Ph.D. Student, Interdisciplinary Urban Design and Planning
University of Washington

RE 519 Real Estate Data Analysis and Visualization
Course Website: www.yuehaoyu.com/data-analytics-visualization/
Autumn 2025

The course was developed based on previous instructors: Christian Phillips, Siman Ning, Feiyang Sun

Cover page credits: Visax
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