
VISUALIZATION TOOLS AND 
PARADIGMS



HOW CAN WE GENERATE GRAPHICAL
REPRESENTATIONS?

WHEN & WHY TO CHOOSE DIFFERENT 
APPROACHES?

WHAT TOOLS ARE CURRENTLY THE 
MOST INTERESTING? 



DRAW USE CODE

BRET VICTOR

DRAWING DYNAMIC VISUALIZATIONS
https://vimeo.com/66085662

https://vimeo.com/66085662


DRAW
SKETCHING / CONSTRUCTING BY HAND

PABLO TAMARIT SAMUEL HURON



GRAPHIC DESIGN SOFTWARE 
(ILLUSTRATOR, PHOTOSHOP, ETC.)

http://www.kristinaneuman.com/



“DRAWING” IN EXCEL
https://sites.google.com/site/e90e50fx/home/calendar-based-heatmap-in-excel



DRAW
+ FLEXIBLE & EXPRESSIVE
- SCALES BADLY
- DESIGNS ARE ONE-OFFS



USE

EXCEL



INTERACTIVE TOOLS



NETWORK AND GRAPH DATA

NodeXL Gephi



USE
+ EASY
+ SCALABLE
- LIMITED FLEXIBILITY
- LIMITED EXPRESSIVENESS
- WHAT IF I NEED A NEW CHART TYPE?



CODE
+ NEW, REUSABLE DESIGNS
+ SCALABLE
+ DYNAMIC & INTERACTIVE
~ EXPRESSIVE
- HARD

“BLINDLY 
MANIPULATING 

SYMBOLS”



DRAWING DYNAMIC VISUALIZATIONS
https://vimeo.com/66085662

GO WATCH
THIS!





SPECIFYING VISUAL 
REPRESENTATIONS AS CODE



SOME DIFFERENT APPROACHES
DRAWING PIXELS



SOME DIFFERENT APPROACHES
COMPUTATIONALLY IMPLEMENTING 
VISUALIZATION REFERENCE MODEL

JEFF HEER 
2005



SOME DIFFERENT APPROACHES
DESCRIBING CONCEPTUAL 
PROPERTIES OF VISUALIZATIONS

JACQUES BERTIN 1963



THE GRAMMAR
OF GRAPHICS

LELAND WILKINSON 1999

A FORMAL LANGUAGE 
FOR DESCRIBING DATA 
GRAPHICS



COMPOSABLE AND GENERATIVE LANGUAGES WAYS OF 
DESCRIBING A HUGE VARIETY OF CHART DESIGNS





VizQL & POLARIS







VISUALIZATION LANGUAGES AND 
TOOLKITS
DESKTOP



PROCESSING / P5.js

TARGETED AT ARTISTS & NON-EXPERTS
DESIGNED TO MAKE DRAWING & INTERACTION EASY

NO VISUALIZATION PRIMITIVES



VTK (VISUALIZATION TOOLKIT)

ESPECIALLY COMMON FOR SCIENTIFIC VISUALIZATION
C++ (Python, Java, and Tcl WRAPPERS)



GGPLOT2 
PLOTTING IN R BASED ON THE GRAMMAR OF GRAPHICS



Matplotlib

Seaborn



VISUALIZATION LANGUAGES AND 
TOOLKITS

WEB



WHY DEVELOP FOR THE WEB?
NOW THE DOMINANT PLATFORM FOR VIS CONSUMPTION

INTEGRATE VISUALIZATIONS INTO WEB PAGES AND APPLICATIONS

LEVERAGE OTHER HTML5/JS LIBRARIES AND TOOLS

DEBUG AND TUNE IN THE BROWSER



GOOGLE CHARTS
EASY TO INSERT PREDEFINED 
CHARTS TYPES INTO PAGES 
AND STYLE THEM



DATAWRAPPER
LOTS OF COMMON CHART 
TYPES WITH INTERACTIVITY 
VIA A VISUAL INTERFACE



PLOT.LY
LARGE VOCABULARY OF 
CHART TEMPLATES + VISUAL 
INTERFACE + SCRIPTING



D3.JS

JEFF HEER

MIKE BOSTOCK



D3.JS
JAVASCRIPT / HTML5 / SVG / CSS

DYNAMIC DOCUMENT MANIPULATION AND VISUALIZATION

SUPPORT FOR BINDING DATA TO ELEMENTS, 
HANDLING SCALES & LAYOUTS, ANIMATION,
AND MUCH MORE!



DECLARATIVE 
VISUALIZATION 
DESIGN

(SORT OF LIKE JQUERY FOR VISUALIZATION)

IMPERATIVE

DECLARATIVE





GREAT TUTORIALS & A HUGE LIBRARY OF EXAMPLES





A simple, powerful JSON syntax for authoring interactive 
visualizations inspired by Wilkinson’s Grammar of Graphics.







Altair
Python wrappers
for Vega-Lite!

Works with Pandas, 
Jupyter, etc.



OTHER USEFUL LIBRARIES



RAW



Crossfilter



Cubism.js



Tangle http://worrydream.com/Tangle/



http://selection.datavisualization.ch



WHAT TO USE?
There are many different visualization tools available.

Need to balance tradeoffs:
- Expressiveness (Can I create the visualization I want/need?)

- Speed & Flexibility (How quickly can I generate, modify, and explore?)

- Reproducibility (Can I re-run the analysis? Re-generate the vis with new data?)

- Presentation (Can I style? Annotate? Share?)

- Interoperability (Can I integrate with other tools and applications?)



QUESTIONS?


