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Module 2: Data Visualization Foundational Concepts

Prepared by Jack G. Zheng, Fall 2023
Overview and learning outcomes
Data visualization is a cross disciplinary field which has its theoretical roots in human information behavior and cognitive science. This module introduces some of the major theories and concepts that support our data visualization developments. Some brief understanding of these concepts can broaden our knowledge of the field. We are not going to dive deeply in these theories but will focus more on their practical implications, which can be used to guide our data visualization designs and dashboard developments.
In this module, we will explain the following basic concepts and theories that contribute to the data visualization design:
1. Data visualization process: visual mapping, visual variables (properties), visual perception and cognition
2. Six major types of visual variables for visual encoding, and their applications
3. Pre-attentive properties in visualization
4. Gestalt principles of perception (grouping)
This module is related to course level learning outcomes 1.
Task list
1. Complete the core readings listed in learning materials. Use the questions in “Research and Discuss” section to guide your readings.
2. Use the lecture notes as a reading and learning guide, which complements the core readings. Follow the resources presented in the notes for further information and additional learning. These readings will give you more comprehensive understanding at a high level.
3. Research and discuss: Use these questions to guide your readings and conduct your own research if necessary. There is no submission on these questions, but you are welcome to discuss them and report your findings in the discussion board if you feel the need.
a. What’s the benefit of applying pre-attentive properties in visualization?
b. Which Gestalt principle is applied most in data visualization? 
c. Assess each visual variable’s capability to represent quantitative data, ordinal data, and nominal data.
d. Is it necessary to use more than one visual property (e.g., color and size) to code for the same metric? 
e. What are the potential risks in information comprehension and decision making directly based on data visualizations?
4. Begin Tableau Lab 2 (complete Task 1, at least).
Learning materials
1. Core readings 
a. Visual Mapping – The Elements of Information Visualization: https://www.interaction-design.org/literature/article/visual-mapping-the-elements-of-information-visualization
b. The Properties of Human Memory and Their Importance for Information Visualization: https://www.interaction-design.org/literature/article/the-properties-of-human-memory-and-their-importance-for-information-visualization
c. Visual Encoding https://www.qlik.com/blog/visual-encoding 
d. Visual Variables: https://infovis-wiki.net/wiki/Visual_Variables 
e. Preattentive processing: https://infovis-wiki.net/wiki/Preattentive_processing
f. Gestalt principles: 
i. The Gestalt Principles https://www.interaction-design.org/literature/topics/gestalt-principles (with video)
ii. How to Make Data Visualization Better with Gestalt Laws https://www.webfx.com/blog/web-design/data-visualization-gestalt-laws/ 
2.  Lecture notes (downloadable): 
a. Data Visualization Foundational Concepts and Theories: https://www.edocr.com/v/e6ql9njn/jgzheng/data-visual-foundation
b. Visual encoding with SCOPeS visual properties: https://www.edocr.com/v/631d1wpb/jgzheng/SCOPeS-Visual-Properties
c. “data vis cases and exercises 2.pptx”
3. Lab guide: Tableau lab 2 charts.docx
4. Additional resources and readings can be found in the lecture notes and lab guides. Find your own resources and conduct your own research if necessary.
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