Core Data Visualization Principles for Research
Design

A shareable guide for creating clear, honest, and effective research visualizations

Fundamental Principles

1. Show the Data (Tufte's Prime Directive)

¢ Maximize data-ink ratio: Remove unnecessary visual elements that don't represent data
e Minimize chartjunk: Avoid decorative elements, excessive grids, and 3D effects

o Letdata speak: Don't let visual desigh overshadow the actual information

2. Choose the Right Visual Encoding

e Match chart type to data type: Categorical vs. continuous vs. time-series
¢ Use position and length: Most accurate visual encodings for quantitative comparison

¢ Avoid area and volume: Less accurate for precise comparisons (pie charts, bubble charts)

3. Design for Your Audience

¢ Assume intelligence: Don't oversimplify, but ensure accessibility
e Consider context: What does your audience already know?

e Test comprehension: Can viewers extract the main message in 5 seconds?

Visual Design Guidelines

4. Use Color Strategically

e Limit color palette: Maximum 5-7 distinct colors for categories
e Use colorblind-friendly palettes: Test with colorblind simulators
e Color should have meaning: Not just decoration

¢ Avoid rainbow scales: Use perceptually uniform color scales (viridis, plasma)

5. Maintain Visual Hierarchy
e Clear, descriptive titles: State the main finding
e Proper labels: Include units, sample sizes, and necessary context
e Consistent typography: Readable fonts, appropriate sizing

e Logical ordering: Arrange categories meaningfully (not alphabetically)



6. Respect Scale and Proportion

e Start bar charts at zero: Unless there's a compelling reason not to
e Use consistent scales: Across related charts
e Show uncertainty: Include error bars or confidence intervals when appropriate

e Maintain aspectratios: Don't distort data through stretching

Statistical Integrity

7. Represent Uncertainty Honestly
o Show sample sizes: Especially important for comparisons
¢ Include confidence intervals: For estimates and means
e Avoid misleading precision: Don't show more decimal places than warranted

e Address missing data: Don't hide incomplete information

8. Provide Proper Context

e Show baselines: What are you comparing to?
¢ Include relevant time periods: Don't cherry-pick timeframes
¢ Explain the denominator: Rates, percentages, and proportions need context

e Address causation carefully: Correlation # causation

9. Focus on Comparison and Relationships

e Answer "compared to what?": Provide meaningful reference points
e Show patterns: Highlight trends, outliers, and relationships
¢ Use small multiples: For comparing across groups or time

e Group related information: Use proximity and enclosure

Practical Application (Gestalt Principles)

10. Apply Perceptual Psychology

Proximity: Things close together appear related

Similarity: Similar colors/shapes group together visually

Closure: Viewers complete incomplete patterns

Continuity: Eyes follow lines and curves naturally

Figure-ground: Distinguish foreground from background clearly



Quality Checklist

Before Publishing, Ask Yourself:

¢ [] Can the main message be understood in 5 seconds?

e [] Are all axes clearly labeled with units?

e []lIsthe chart type appropriate for the data?

¢ [ ] Would this mislead a colorblind viewer?

e [ ] Does the scale accurately represent the data relationships?

e []Is uncertainty appropriately represented?

¢ [ ] Can someone reproduce this chart from the information provided?

e [ ] Does every visual element serve a purpose?

Common Fixes

Quick Improvements:

1. Replace pie charts with bar charts for most comparisons

2. Start y-axis at zero unless showing detail in narrow range

3. Sort categories by value, not alphabetically

4. Use direct labeling instead of legends when possible

5. Remove gridlines that don't aid interpretation

6. Test in grayscale to ensure contrast works without color
These principles are based on the foundational work of Edward Tufte, research in perceptual
psychology (Gestalt principles), and empirical studies of visualization effectiveness. They

provide a framework for creating research visualizations that are both scientifically rigorous
and communicatively effective.



