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Introduction and Motivation

“What is the Visualization Process?” —

“What should we expect?”

“How does a visualization

project work?”

Importance of topic grows over time as-
to inform decision making.

“Trying to understand data without visualization is like trying to
understand the world with your eyes closed.” -Bob

(Image courtesy of Dylan Rees) 3



A Basic, Typical Visualization Project
Workflow

Based on hundreds of visualization projects over 20+
years, from a researcher’s perspective

Contributions:

e Work pattern and strategy common to almost all
visualization projects

e \We offer guidelines, on overview of visualization life
cycle, including some best practices and advice

e Useful starting point for anyone undertaking
visualization project for first time or educators.

e Yes, it involves software engineering.

(Image courtesy of Chao Tong)



Some Visualization Projects
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Overview of VisP2: The Visualization Project

Process

&

1. KNOWLEDGE
EXCHANGE

Understand
domain experts
(DE) needs and
define the
purpose of the
visualization.

m,

2. DATA
PREPROCESSING

Clean data,
handle missing
values, and create
initial plots
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3. EXPLORE &
VISUALIZATION

Try charts with off-
to-shelf tools and
liaise with DEs

4. CUSTOM
SOLUTIONS

Address
limitations, new
methods, Al
integrations

5. EVALUATION

Assess clarity,
gather feedback
and iterate

~

N

lterate
& Refine

e



Overview of VisP2: The Visualization Project
Process (Slides)

The VisP2 Lifecycle Framework

Five distinct stages that transform raw, complex data into interpretable,
meaningful visual insights through continuous iteration.
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1. KNOWLEDGE L »_ 2. DATA ;J> 3. EXPLORE & i> 4. CUSTOM i:> 5. EVALUATION

EXCHANGE —~ PREPROCESSING VISUALIZATION SOLUTIONS

Understand domain Clean data, handle Try charts with Address limitations, Assess clarity, gather

experts (DE) needs and missing values, and off-to-shelf tools and new methods, Al feedback and iterate.

define the purpose of create initial plots. liaise with DEs. integrations.
the visualization.
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Overview of VisP2: The Visualization Project
Process (Infographic)

The VisP2 Lifecycle: A 5-Stage Guide to Professional Data Visualization

Based on 20 years of expertise, the VisP2 framework outlines a generic workflow common to all successful visualization projects. It moves
from collaborative knowledge gathering to iterative software development and rigorous evaluation to ensure meaningful insights.

/—/ Phase 1: Foundation and Initial Discovery k

A

Sa

Knowledge
Exchange (KE)

Collaborate with domain
experts to define project

goals and target audience.

Knowledge Exchange

Data Preprocessing

Tool Exploration

Data Off-the-Shelf
Preprocessing Exploration
o .‘O (<]

Off-the-Shelf
Exploration
Use tools like Tableau or

=E |
o

Data
Preprocessing
Clean datasets, handle

missing values, and create

initial exploratory charts. and tool limitations.

Project purpose and audience definition. ‘ ©
A clean dataset and data dictionary. ©
Initial charts and identified technical limitations. ©

Excel to identify data trends

/‘/ Phase 2: Advanced Development and Validationk

Advanced Al
Integration

Customized
Solutions

Customized
Solutions
Develop specialized
software using C3.js or

Python to address
complex data needs.

J

.

Al-Guided
Analysis

Advanced Al
Integration
Incorporate artificial
intelligence to guide

analysis or enhance
visual explainability.

Rigorous
Evaluation

Expert
Interviews

Memory

Rigorous
Evaluation
Assess performance
through expert interviews,

user studies, and
memory usage analysis.
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Major Phase: Knowledge Exchange (KE)

Bi-Directional

e KE: Domain Expert (DE) — Visualization Scientist (VS)
o Where does the data come from?
o Why was it collected?
o What questions are trying to be answered?
o Purpose

e KE:VS — DE

o |deation
Overview V
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Major Phase: Studying the Data

Data Understanding

Examining previous work

Building a data dictionary

First charts:

e Histograms,

e Scatterplots,

e Scatterplot matrices,
e Heatmaps
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1. KNOWLEDGE
EXCHANGE

Understand
domain experts
(DE) needs and
define the
purpose of the
Visualization.
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Figure 1: Annotated acceleration data from an Imperial Cormorant. The three axes are prese

showing the sway (red), heave (green) and surge (blue) data, over 33 minutes (vertical reference lir
of the signal have been manually identified by a biologist as (a) walking, (b) washing, (c) flying a
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Figure 2: Surge, sway and heave acceleration during a
single cormorant dive. Changes in posture during descent,
swimming, and ascent are evident as shifts in the baseline
values of the surge and heave axes. Dynamic acceleration
resulting from individual foot-kicks are identifiable as regu-
lar deviations from the static value, as shown in the insert.

(images courtesy of Ed Grundy)
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Major Phase: Explore and Visualize Data

Table 7. Website References: A summary of the web pages and relevant resources described in Section Visualization-Focused

Try Existing Tools e.g.:

o Google Sheets
o Tableau
o Power-Bl

Explore Visual Design Space
Evaluate and Discover Limitations

What can we do better?

\'
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1. KNOWLEDGE 2.DATA 3. EXPLORE &
EXCHANGE PREPROCESSING VISUALIZATION
— e
Understand Clean data, Try charts with off-
domain experts handle missing to-shelf tools and
(DE) needs and values, and create liaise with DEs
define the initial piots
purpose of the
visualization.

Websites.
Design Guidance _ Blog(s) _Training | Events | Related Publications Book Collections _Tools and Software _Data Sources Case Studies _Related Web Pages

Depict Data Studio” v v v v v
DVs* v v v v v v v v v
DVPE Jr v
From Data to Viz*® v v v
Information Is Beautiful.net** v v v v v
"The InfoVis Wiki page ™" v v v A
Sec * v v v v
Tableau Public* i < v v v v
Data Vizualisation Catalogue’ v v v v v v v v v
Visual Vocabulary v V.
Visualisingdata.com” . v v v v v v
VRVis Conference Calendar™ v
VizHub ™" v v v v
Visualizing.org”™ v v v v v v

i v v v v v v
"The Visuslization Universe v v v

collection of more than 1,000 data visualization related
events since 1972.

The VizHub' is a website created by the Datavis Tech Inc
providing courses and open source code examples for data
visualization. VisHub also serves as an online tool to create
and develop visualizations using web technologies such as
HTML, CSS, JavaScript and JSX(React). In addition, the
website can be used as an educational platform to produce
an online course in data visualization.

Visualizing.org”” is an online community created by
GE and the Seed Media Group. The website focuses on
visualizing important events for designers, organizations,
teachers and schools, as well as audiences who are trying
to exploring data visualization and infographics.

OpenGL™ is a graphics standard for developing portable,
interactive 2D and 3D eranhics annlicatons. It was created

4.CUSTOM

5.EVALUATION | ™
SOLUTIONS N
Assess clarity, Iterate
Address
limitations, new gather feedback &Refine
methods, Al and iterate 9
integrations e

DVS® and VRVis” are recommended for practitioners
who are interested in participating in activities such as
meetings and visualization events and developing their
professional network.

Free, Off-the-Shelf Software Collections for
Data Visualization Practitioners

This section describes free off-the-shelf software for data
visualization in practice. Since the start of visualization as
a field, hundreds of software tools related to visualization
have been developed. Due to the large volume, we do not list
individual programs but rather collections of applications.
Luckily, a few dedicated practitioners have worked very hard
at curating an organized collection of off-the-shelf software
collections.
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Major Phase: Developing Customized Solutions

Table 8. Open Source Libraries: Software development library collections for visualization developers described in Section Open
Source Library Collections for Developers. These resources feature a quality collection of free open source libraries.

. . Name of Library Url

Develop SpeCIaI Ized tOOI Awesome Dataviz Collection https://github.com/fasouto/awesome-dataviz
Awesome-D3% https://github.com/wbkd/awesome-d3
D3 tutorials® https://github.com/d3/d3/wiki/Tutorials
Awesome Charting Collection® https://github.com/zingchart/awesome-charting#readme

. AntVis® https://github.com/antvis

Advanced Techniques
VisIT® https://wci.llnl.gov/simulation/computer-codes/visit
Observable® https://observablehq.com/

Table 9. Collections of Color Resources: A summary of the collections of color resources described in Section Collections of Color

. L]
D eve I O p I n g N Ove I S O I u tl O n S Resources and Section Noteworthy and Popular Color Resources. These resources feature a quality collection of color resources
references.

‘Web Page Name URL
V com®’ https://www.visualisingdata.com/
. RapidTables™ https://www.rapidtables.com/web/color/index.!
O OVerVIeW SciVisColor.org™ https://sciviscolor.org/tools/
ColorBrewer,org"‘ ttps://colorbrewer2.org/
Colorgorical ' http://vrl.cs.brown.edu/color
Color Oracle™ http://colororacle.org/index.html

.
O I n te ra Ct I O n ColorHex.com ™ https://www.colorhexa.com/
Adobe Color Wheel**

https://color.adobe.com/create
https://vis4.net/palettes

Chroma.js Color Palette Helper™

g ColorPicker” http://tristen.ca/hcl-picker
O Ca a I Ity Data Color Picker®’ https://learnui.design/tools/d color-picker.html
hclwlzzu'd.org9 https://hclwizard.org/
T Want Huo % httmeos //madialah ~ithinh dia/iumanthna/

o High dimensionality '
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Major Phase: Evaluation (Context Dependent)

DE feedback and inteviews

Case Studies and Use Case Scenarios

User Studies EVA&SA?EON

Software Performance Evaluation ﬁ@/ >@Pe TP §g@
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Memory Usage Analysis
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Conclusion

We present an experience-driven framework characterizing the full
life-cycle of a visualization project

Typical phases are: KE, Data Processing, Testing Existing Tools,
Developing Novel Solutions, Evaluation, Iterate

Process is usually collaborative

The landscape of evaluation is evolving
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