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Visualization is important



can you tell me the trend of these numbers from left to right?







Cognitive study has shown that 
human visual system is the most 
effective  channel to transport 
information to the brain.

Leading to the introduction of visualization

What Does This Example Tell Us?



Which gender and income group of people has 
different trend of triglyceride (the percentage of 
fat) level over years from the others?

Male Female

Income\Age <65 65 and above <65 65 and above

0-$24,999 250 200 375 550
$25,000+ 430 300 700 500
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“Visualization is really about external 
cognition, that is, how resources outside the 
mind can be used to boost the cognitive capabilities 
of the mind.”

Tool/Means to enable a User insights into Data via Visual Representation

(or an understanding of the story behind the data)



Data Mining or Visualization?



A Few Things about Perception 
and Cognition 

“Visualization is really about external cognition, that 
is, how resources outside the mind can be used to 
boost the cognitive capabilities of the mind.”

Stuart Card



Visual perception CognitionVisual stimulus

We see things:
Shapes, colors, sizes, 
texture, orientation, 
transparency, etc. 

Mental process of 
acquiring knowledge 
from perception, 
experiences and others: 
How to interpret/ 
understand what we see

Long term 
memory



Rods
• ~115,000,000
• Concentrated on the periphery of 
the retina
• Sensitive to intensity
• Most sensitive at 500 nm (~green)

Cones
• ~7,000,000
• Concentrated near the center of the 
retina
• Sensitive to color
• Three of cones: long(~red), medium 
(~green), and short (~blue) 
wavelengths

Our Eyes

Source: starizona.com



A few properties of our visual perception





Visual Cognition Lab, UIUC

Let us look at another example



This is what is called change-blindness.



These examples tell us that people need to 
pay a lot of attention in order to capture the 
changes.

Therefore, visualization should emphasize 
/highlight changes to help relieve the 
cognition load.



Our visual perception system is good at observing 
relative difference and is easy to be drawn to the 
boundaries of different regions / objects.



Mach Banding



Relative vs. Absolute

A BA

B

A

B

Weber’s Law
We judge based on the relative difference rather than the 
individual absolute values.



Long term 
memory



Back to the effectiveness of information conveying via visual channel

pre-attentive property of visual channel



Pre-attentive processing

“An understanding of what is processed 
pre-attentively is probably the most 
important contribution that visual 
science can make to data visualization” 
(Ware, 2004, p. 19)



Pre-attentive vs. attentive

Pre-attentive Attentive

Task
Individual object

< 500ms
< 10ms

> 500ms
> 10ms

Parallel processing Sequential processing

Long 
term 
memory



Pre-attentive features







Gestalt Principles



Why we like to consider /separate background 
and fore ground when seeing things?

Why can we separate object with different 
shapes and/or other attributes?

What is a good shape?

……

People started thinking these questions in the beginning of 1900



The overall layout is more important than the individual elements, as the visual 
representation is perceived and understood as a whole in the beginning. 

proximity We tend to think of objects that are physically close together 
as belonging to part of a group.

Example 1

Example 2
From Storytelling with Data



Similarity Objects that are of similar color, shape, size, or orientation 
are perceived as related or belonging to part of a group.

Example 1

Example 2

From Storytelling with Data

This can be leveraged in tables to help draw our 
audience’s eyes in the direction we want them to focus.



Enclosure We think of objects that are physically enclosed together as 
belonging to part of a group.

Example 1

Example 2

From Storytelling with Data

One way we can leverage the enclosure principle is to 
draw a visual distinction within our data.



Closure People like things to be simple and to fit in the constructs that 
are already in our heads.

Example 1

Example 2

From Storytelling with Data

We can remove chart borders and background shading 
and our graph still appears as a cohesive entity.



Continuity When looking at objects, our eyes seek the smoothest path 
and naturally create continuity in what we see even where it 
may not explicitly exist.

Example 1

Example 2

From Storytelling with Data
Remove unnecessary axis if things are aligned.



Connection We tend to think of objects that are physically connected as 
part of a group.

Example 1

Example 2

From Storytelling with Data

One way that we frequently leverage the connection 
principle is in line graphs, to help our eyes see order in the 
data.



Other useful principles

Simplicity

Common fate

Symmetry

Past experience



Visual attributes / cues that can be used for encoding

Space

Location

Annotation

Size

Color

Brightness

Saturation

Hue

Color scheme

Transparency

Orientation

Shapes

Texture

Animation



How much bigger is the lower bar?



How much bigger is the lower bar?

X 4



How much bigger is the right circle?



How much bigger is the right circle?

X 5



Accuracy of the judgement of the encoded quantity data



Quantitative, ordinal and categorical data

Guidance for the encoding of quantitative, ordinal and categorical Data (Mackinlay 1986)



Expressiveness and Effectiveness

• Expressiveness  (Tell the truth)

It requires the visual representations accurately encode the information of 
the data that needs to be conveyed, i.e., fidelity or authentic to the data.

• Effectiveness  (Do it effectively)

The use of the visual attributes/cues should reflect the importance of the 
information (or the characteristics) of the data.

with clarity, precision, emphasis, …

graphical integrity

Tufte’s principles



Principles of Plots
• Improve vision

1. Reduced clutter, make data stand out
2. Use visually prominent graphical elements
3. Use proper scale lines and a data rectangle
4. Reference lines, labels, notes, and keys
5. Superposed data set

• Improve understanding
1. Provide explanations and draw 

conclusions
2. Use all available space
3. Align juxtaposed plots
4. Use log scales when appropriate
5. Bank to 45#



From “Storytelling with data”

To avoid

• Try not to use pie charts

Which supplier is the largest based on this visual? 



Most pie charts can be replaced by the following form of histogram

To avoid

• Try not to use pie charts

From “Storytelling with data”



To avoid

• Never use 3D in your plots

From “Storytelling with data”



To avoid

• Secondary y-axis: generally not a good idea

From “Storytelling with data”



To avoid

• Secondary y-axis: possible alternatives

From “Storytelling with data”



What are the issues?
From “Storytelling with data”



Alignment Use left-justified alignment rather than central alignment

Eliminate diagonal elements as much as possible.
Importance of White Space!!



Effective use of colors is 
important in visualization



Color is a crucial tool to convey quantitative information. 

Conflict???



Color is a crucial tool to convey quantitative information. 

Conflict???

Color is one of the most effective ways to encode data defined in two-
dimensional space. 

Differences in color can distinguish different categories (for example 
cropland, forest, or urban areas in a land cover map) or indicate quantity 
(percent forest cover or population). 



Widely used color spaces

RGB HSV

CIELabHSL



A Gallery of Color Scales

Sequential schemes

Divergent scheme

Qualitative scheme

Qualitative scheme

Sequential schemes



Transitions between some colors, green and red, 
for example, occur very rapidly, leading to false 
contrast. Other transitions, especially green, are 
gradual, and there is a loss of detail. Rainbow 
palettes have another deficiency: because the 
overall brightness of the colors increases and 
decreases over the range of hues there is no 
natural progression of values.

An alternative is to only use brightness, not 
color, to encode value, but surrounding tones 
can significantly alter the perceived values 
of pixels. Grayscale palettes are best limited to 
black and white reproductions.

A better approach is to use a color scheme that 
spirals through a perceptual color space, with 
each step equally different in hue, saturation, 
and brightness.



Color Alone Doesn’t Cut It



Properly choose color pairs to provide sufficient contrast



Do Not Attempt to Fight Pre-
Established Color Meanings

Red Green Blue
Stop
Off
Dangerous
Hot
High stress
Oxygen
Shallow
Money loss

On
Plants
Carbon
Moving
Money

Cool
Safe
Deep
Nitrogen



Do different colors affect your mood?
https://www.factmonster.com/color-meanings-and-moods

https://www.factmonster.com/color-meanings-and-moods


Be Aware of Color Vision Deficiencies (CVD)

• There is actually no such thing as “color blindness”
• CVD affects ~10% of Caucasian men
• CVD affects ~4% of non-Caucasian men
• CVD affects ~0.5% of women
• The most common type of CVD is red-green
• Blue-yellow also exists



Other Color Facts

In visualization applications, we must be aware 
that our perception of color changes with:

• The surrounding color
• How close two objects are
• How long you have been staring at the color
• Sudden changes in the color intensity



Beware of Color Pollution

Just because you have millions of colors to 
choose from



Siggraph tutorial on colors

https://media.siggraph.org//education/cgsource/color/TM_Rhyne_Color_Theory_Cla
ss_SIGGRAPH_Education_Committee2.pdf

Presentation

https://www.youtube.com/watch?v=KJv1N8akoUs

https://www.youtube.com/watch?v=KJv1N8akoUs

