
CHAPTER 3

Principles of
 Data Visualization

Why visual rules matter & how design choices affect 

human understanding.

Data Visualization 
Course
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By the end of this chapter, you will be able to:

Chapter 3 
Principles
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Explain Core Principles: Articulate the foundational theories behind effective visual 

communication.

Identify Design Failures: Critically evaluate and pinpoint misleading or poor design choices in 

existing charts.

Apply Decision-Making: Implement visualization principles strategically when creating new data 

representations.

Optimize Perception: Design charts that align with human cognitive strengths rather than 

weaknesses.

Learning Outcomes



Communication 
Impact
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Examples: Misleading social media infographics or 

deceptive political charts.

Not Just Decoration: Visualization is a tool 

for thought, not an aesthetic ornament.

Communication First: Its primary role is to 

transfer complex data into understandable 

insights.

High Stakes: Poor visuals lead to flawed 

interpretations and detrimental business 

decisions.

Why Principles Matter



Data Encoding Process:
Data → Visual Encoding → Human Perception

Humans interpret visuals much faster than raw 

text or tables.

First impressions dictate the initial interpretation 

of data.

Visuals bypass analytical thinking and move 

straight to perception.

Visualization as 
Communication



Understanding what humans process best is key to choosing chart types.

Perceptual Task Strength Optimal Chart Type

Position & Length    High Accuracy Bar Charts, Scatter Plots

Direction & Angle    Medium Accuracy Line Charts, Pie Charts

Area & Volume    Low Accuracy Bubble Charts, 3D Charts

Color Intensity    Low Accuracy Heat Maps

Perception 
Science
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Human Visual Perception



These features are detected in less than 250 milliseconds.

Preattentive 
Processing
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Color
Differences in hue or 

intensity draw the eye 

instantly before 

conscious processing.

Size
Variations in width or 

length highlight relative 

importance or 

magnitude.

Position
The placement of an 

element in 2D space is 

the most accurate visual 

cue.

Preattentive Attributes



Hierarchy 
Methods
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#1
Priority Messaging

Guiding the Viewer's Attention
Visual hierarchy ensures the most important information is 

consumed first.

Size: Larger elements command more attention.

Contrast: Darker or brighter colors stand out against 

neutral backgrounds.

Position: The top-left corner is usually the first point of 

focus F-pattern).

Visual Hierarchy



Edward Tufte's principle: Data-ink ratio = (ink used for data) / (total ink used).

Tufte's 
Principles
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Maximize Data-Ink | Minimize Non-Data Ink

Non-Data Ink to Remove:

• Heavy gridlines
• Excessive borders
• Decorative backgrounds
• Redundant labels

The Data-Ink Ratio



Clarity vs 
Decoration
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Visual elements that distract rather than inform:

3D Effects: Adds fake depth that distorts 

data points.

Clipart/Icons: Can clutter the workspace 

and increase cognitive load.

Excessive Decoration: Patterned fills or 

shadows that don't represent data.

Chartjunk

 "Decoration is acceptable only if it reinforces the message without 
distortion."



Visual 
Ethics
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The Power of the Scale
A chart can be technically correct (data-wise) 

but visually dishonest.

Truncated Axes: Starting the Y-axis above 

zero can exaggerate small differences.

Inconsistent Scales: Changing the interval 

size across an axis.

Ethical Responsibility: Honesty over 

persuasion.

Misleading Visuals: Truncated Y-Axis





Color 
Strategy
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Rule of Thumb:
If a color doesn't represent a specific category 

or value, it shouldn't be there.

Distinguish: Use different hues for distinct 

categories.

Highlight: Use a bright accent color for key 

data against a neutral gray background.

Accessibility: Always consider 

colorblind-friendly palettes (e.g., ColorBrew).

Color Usage Principles



Integrity in Design:

Visualizations influence critical decisions; 

honesty must prevail over persuasion.

Designers have an ethical responsibility 

to avoid accidental or intentional 

deception.

Transparency in data sources and 

transformation methods is paramount.

Ethical Responsibility



Let the data question guide your chart selection.
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Trends
Use line charts to show 

how data changes 

continuously over time.

Comparison
Use bar charts for 

comparing values across 

different categories.

Relationship
Use scatter plots to 

identify correlations 

between two variables.

Choosing the Right Chart
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Avoid these common pitfalls that increase 

confusion:

Overloaded Pies: Pie charts with too many 

slices are impossible to read accurately.

Categorical Lines: Using line charts for 

non-sequential, categorical data.

Inappropriate Scale: Using log scales when 

linear scales are more intuitive.

Common Chart Misuse
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"Simplicity is the ultimate sophistication in data storytelling."

Consistent Scales: Maintain the same axis ranges across related charts for easy comparison.

Unified Color Palette: Ensure colors have consistent meaning throughout your presentation.

Single Message: Each chart should aim to communicate one clear insight effectively.

Minimalist Labeling: Remove redundant information that doesn't add value to the message.

Consistency and Simplicity
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Distinguish Categories: Use hue to 

separate different groups of data.

Highlight Key Data: Use high contrast 

colors to draw attention to specific data 

points.

Sequential Meaning: Use saturation or 

lightness gradients for quantitative ranges.

Avoid Overuse: A rainbow of colors often 

distracts rather than clarifies.

Color Usage Principles
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Effective Titles

A good title explains the main insight, not just the 

variables. It should tell the audience what to look 

for.
Example: "Q4 Revenue Grew by 15%" instead of 

"Quarterly Sales."

Clear Labels

Labels should be legible and include units of 

measurement. Avoid vertical or diagonal text 

whenever possible.
Tip: Direct labeling on lines is often better than a 

separate legend.

Titles and Labels



https://mannhowie.com/chart-forma
tting 

https://mannhowie.com/chart-formatting
https://mannhowie.com/chart-formatting
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Guide the Audience

Callouts: Use text to highlight significant 

spikes or dips.

Explanations: Clarify unusual values 

directly on the chart.

Avoid Clutter: Annotate only the most 

critical points to maintain focus.

Using Annotations



https://www.storytellingwithdata.co
m/blog/swdchallenge-annotate-it 

https://www.storytellingwithdata.com/blog/swdchallenge-annotate-it
https://www.storytellingwithdata.com/blog/swdchallenge-annotate-it
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Perception
Align visuals with how 

the human brain 

processes information 

naturally.

Design
Maximize data-ink and 

minimize chartjunk for 

maximum clarity.

Ethics
Commit to accuracy and 

simplicity to ensure 

honest communication.

Chapter Summary



What's Next?
Chapter 4 Data Visualization Techniques

- Types of data and visualization methods

- Charts and graphs

- Infographics

Chapter 3 
Final
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Transitioning from theoretical principles to technical implementation.
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