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Course Information (I)
• Format: Face-to-Face ONLY (no live streaming or recording). 

• Classroom: CBB 118

• Lecture Time: 1~2:30PM Tu/Th

• Office Hours: 2:30~4PM Thursday after the class PGH 566

• Course webpage:
http://www2.cs.uh.edu/~chengu/Teaching/Fall2023/COSC6344_Visualization_Fal
l2023.html

• TA: Nguyen Phan (email: nguyenpkk95@gmail.com)

http://www2.cs.uh.edu/%7Echengu/Teaching/Fall2023/COSC6344_Visualization_Fall2022.html
mailto:nguyenpkk95@gmail.com


Course Information (II)
• Prerequisites:

– *Knowledge and experience in Python is required, knowledge of VTK is 
optional but a plus

– Knowledge on data structure and algorithm design 
– Knowledge on linear algebra, calculus, geometry
– Experience on computer graphics is a plus but not required

• Textbook: (recommended, NOT required)
– Alexandru C. Telea, Data Visualization: Principles and Practice, Second 

Edition, A.K.Peters, 2014 (Highly recommended)

– Riccardo Mazza, Introduction to Information Visualization. Springer, 2009
– Cole Nussbaumer Knaflic, Storytelling with Data. Wiley, 2015
– Andy Kirk, Data Visualisation - A handbook for data driven design, SAGE, 2016

– Reading materials and course notes given in class or on course page



Course Information (III)

• Grading (tentative):
– 5 assignments (20%) 
– 2 exams (40%) 
– In-class quizzes (15%)
– 1 final project and presentation (25%) 
Grading scale (tentative): A: >92%; A-: >88%; B+: >84%; B: >80%; B-
: >74%; C+: >68%; C: > 60%;

• Excused Absence Policy:
– Graduate Excused Absence Policy
– Any excuses should be sent to the instructor BEFORE the class.

https://uh.edu/provost/policies-resources/student/excused-absence-policy/index.php


Course Information (IV)
• Class rules:

• Late Submission Policy: Late assignments will be marked off 20% for
each weekday that it is late. Submissions made 5 days after the
deadline will not be accepted unless due to causes out of control of
the students.

• Makeup policy: There are NO make-up quizzes since the lowest three
quiz scores will be dropped. There are no make-up assignments or
exams unless an acceptable excuse is provided BEFORE the due date
of the assignments or the time of the exam. Please refer to the
excused absence policy below for more details.

• All exams and quizzes will take place in person during classes. No
remote exams and quizzes will be administered. We will use CASA
Monitor during the exams to capture your screen activities. Please test
CASA Monitor using the following link
https://www.estudy.uh.edu/CASAMonitorLogin/Home/Test

https://www.estudy.uh.edu/CASAMonitorLogin/Home/Test


Course Schedule (tentative)

TIMELINE TOPICS
WEEK 1 (08/22, 24) Class introduction, Visualization pipeline; Data type and data representation

WEEK 2 (08/29, 09/01) Visual perceptions; Colors in visualization

WEEK 3 (09/05, 07) VTK introduction; 2D scalar field visualization - color plots and iso-contouring (Assignment 1 out)

WEEK 4 (09/12, 14) 3D vector field visualization - Iso-surfacing; Direct volume rendering (DVR) – Ray casting (Assignment 2 
out)

WEEK 5 (09/19, 21) DVR- Splatting and texture-based; Transfer function design; 

WEEK 6 (09/26, 28) Exam 1; 2D vector field visualization – streamlines (Assignment 3 out)

WEEK 7 (10/03, 05) 2D vector field visualization - texture-based; Final project introduction

WEEK 8 (10/10, 12) feature-based visualization for vector fields; 
WEEK 9 (10/17, 19) 3D vector field visualization (Assignment 4 out); Unsteady flow visualization; 

WEEK 10 (10/24, 26) Tensor field visualization – overview; Tensor field visualization – Geometric-based and texture-based 
methods;

WEEK 11 (10/31, 
11/02)

Tensor field visualization - Glyph-based technique; Information visualization – elementary plotting 
(Assignment 5 out);

WEEK 12 (11/07, 09) Information visualization – graph and hierarchy data visualization

WEEK 13 (11/14, 16) Review; Exam 2;

WEEK 14 (11/21, 23) Information visualization – high dimensional data visualization; Thanksgiving holiday (no class)

WEEK 15 (11/28, 
11/30)

Final project presentations



Additional Information
• Honor Code Statement:

– Students may be asked to sign an honor code statement as part of their submission of any graded work
including but not limited to projects, quizzes, and exams: “I understand and agree to abide by the
provisions in the University of Houston Graduate Academic Honesty Policy. I understand that academic
honesty is taken very seriously, and, in the cases of violations, penalties may include suspension or
expulsion from the University of Houston."

• Recording of Class:

– Students may not record all or part of class, livestream all or part of class, or make/distribute screen 
captures, without advanced written consent of the instructor or the agreement for special 
accommodation. 

• Syllabus Changes:

– Due to the changing nature of the COVID-19 pandemic, please note that the instructor may need to make 
modifications to the course syllabus and may do so at any time. Notice of such changes will be announced as 
quickly as possible through class emails, in-class lecture, Teams messages, and Blackboard announcements.

http://publications.uh.edu/content.php?catoid=33&navoid=12165


Questions?



Background

Goal: Through this lecture, you should know 
(1) why visualization is important
(2) what is modern visualization and what it can do
(3) differences between scientific data and information data



Data Explosion



How to make use of them 
for knowledge discovery 

and decision making?



Data Mining or Visualization?

Data mining is the process of discovering patterns and knowledge in large 
data sets involving methods at the intersection of machine learning, statistics, 
and database systems. 

From Wikipedia

• groups of data records (cluster analysis)
• unusual records (anomaly detection)
• dependencies (association rule mining, sequential pattern mining)

https://en.wikipedia.org/wiki/Data_set
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Database_system
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Anomaly_detection
https://en.wikipedia.org/wiki/Association_rule_mining
https://en.wikipedia.org/wiki/Sequential_pattern_mining


Data Mining or Visualization?

Data mining is the process of discovering patterns and knowledge in large 
data sets involving methods at the intersection of machine learning, statistics, 
and database systems. 

From Wikipedia

• groups of data records (cluster analysis)
• unusual records (anomaly detection)
• dependencies (association rule mining, sequential pattern mining)

Visualization is suitable when there is a 
need to augment human capabilities rather 
than replace people with computational 
decision-making methods. 



Let us start with a simple 
example



can you tell me the trend of these numbers from left to right?







Cognitive study has shown that human visual system is the most
effective channel to transport information to the brain.

Visual representation is one effective way to 
convey information

Leading to the introduction of visualization.

What Does This Example Tell Us?



Which gender and income group of people has different 
trend of triglyceride (the percentage of fat) level over years 
from the others?

Male Female

Income\Age <65 65 and above <65 65 and above
0-$24,999 250 200 375 550
$25,000+ 430 300 700 500

How many groups?





History of Visualization
• Visualization is actually rather old

• Often an intuitive step: graphical illustration

Image source: http://www.leonardo-da-vinci-
biography.com/leonardo-da-vinci-anatomy.html

http://www.visualinformation.info/old-international-cables-
map-year-1924/



• In 1987
– the National Science Foundation (of the U.S.) started “Visualization in 

scientific computing” as a new discipline,  and a panel of the ACM coined 
the term “scientific visualization” 

– Scientific visualization, briefly defined:  The use of computer graphics for 
the analysis and presentation of computed or measured scientific data.

• Oxford Engl. Dict., 1989
– to form a mental vision, image, or picture of (something not visible or 

present to the sight, or of an abstraction); to make visible to the mind or 
imagination

• Visualization transforms data into images that effectively and 
accurately represent information about the data. 
– Schroeder et al. The Visualization Toolkit, 2nd ed. 1998

What is (Modern) Visualization?



• In 1987
– the National Science Foundation (of the U.S.) started “Visualization in 

scientific computing” as a new discipline,  and a panel of the ACM coined 
the term “scientific visualization” 

– Scientific visualization, briefly defined:  The use of computer graphics for 
the analysis and presentation of computed or measured scientific data.

• Oxford Engl. Dict., 1989
– to form a mental vision, image, or picture of (something not visible or 

present to the sight, or of an abstraction); to make visible to the mind or 
imagination

• Visualization transforms data into images that effectively and 
accurately represent information about the data. 
– Schroeder et al. The Visualization Toolkit, 2nd ed. 1998

What is (Modern) Visualization?

Tool/Means to enable a User insights into Data via Visual Representation
(or an understanding of the story behind the data)



• To effectively convey information to data stakeholders

Why is Visualization Important?



• To effectively convey information to data stakeholders
• To make invisible phenomena visible

Why is Visualization Important?

Astrophysics
source: VACET

Combustion
source: VACET

Automobile design [Chen et al. Vis11]



• To effectively convey information to data stakeholders.
• To make invisible phenomena visible.
• Create intuitive representation for abstract concepts

Why is Visualization Important?

Fusion physics

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = lim

ℎ→0

𝑓𝑓 𝑑𝑑 + ℎ − 𝑓𝑓(𝑑𝑑)
ℎ



• Three types of goals for visualization
– … to present

• “everything” known about the data,
• Vis. used for Communication of Results

What Does Visualization Do?



• Three types of goals for visualization
– … to present

• “everything” known about the data,
• Vis. used for Communication of Results

– … to analyze
• There are hypotheses (expect to see…),
• Vis. used for Verification or Falsification

What Does Visualization Do?

Hypothesis Simulations



• Three types of goals for visualization
– … to present

• “everything” known about the data,
• Vis. used for Communication of Results

– … to analyze
• There are hypotheses,
• Vis. used for Verification or Falsification

– … to explore
• Nothing (or little) is known,
• Vis. used for data exploration/
knowledge discovery

What Does Visualization Do?



• This is a very rich and highly inter-disciplinary 
area that combines knowledge from various 
disciplines (including the application areas 
and many sub-fields in computer science).



What can visualization help with different 
stages of knowledge discovery?

• Data collection/acquisition
• Data cleaning or pre-processing
• Knowledge/information extraction
• Knowledge/information representation



Types of Data and Their Visualizations

Goal: You should know the difference between the two basic types of data and be 
able to classify a data given to you.



SciVis vs. InfoVis

• Scientific visualization is mostly concerned with:
– 2-, 3-, 4-dimensional (i.e., physical space+time) data
– discretized or sampled data (for continuous function)

• Information visualization focuses on:
– high-dimensional, abstract data
– discrete data
– financial, statistical, etc.
– visualization of large trees, networks, graphs
– data mining: finding patterns, clusters, voids, outliers



SciVis vs. InfoVis

• Scientific visualization is mostly concerned with:
– 2, 3, 4 dimensional, spatial or spatio-temporal data
– discretized or sampled data (for continuous function)

• Information visualization focuses on:
– high-dimensional, abstract data (no natural (x,y,z) 

coordinates!)
– inherently discrete data

• financial, statistical, etc.
• visualization of large trees, networks, graphs



Example 1: SciVis or InfoVis?

COVID-19 Death Rates Vary Widely by County
https://anderson-review.ucla.edu/covid-19-death-rates-vary-widely-by-county-but-why/



Example 2: SciVis or InfoVis?

Global Climate Change

https://datainnovation.org/2021/07/visualizing-global-
climate-change/

the graphic shows that annual temperatures in South 
America were two degrees hotter in 2020 than in 1981

https://www.anychart.com/blog/2021/01/15
/climate-change-data-visualizations/



Goals and Topics



Goals of this Course

• Know the types of visualization problems! Does it 
belong to scientific visualization, information 
visualization or their combination?

• Know the representative/standard methods for 
visualizing some common data forms.

• Be able to develop the customized visualization 
techniques and systems for practical and research 
needs.



After this course, you can be a developer 
of visualization systems/techniques not 
just a user



• What will be covered?
– Colors, perception
– Scalar field visualization
– Vector field visualization
– Tensor field visualization
– Information visualization (plots, graphs, high-dimensional, etc.)

• What mathematical knowledge will be needed?
– Calculus, trigonometry, linear algebra, discrete math, topology, dynamical systems, 

numerical algebra, etc.

• What knowledge from the other sub-fields of computer science will be 
needed?
– Algorithms, data structures, C++ programming, computer graphics, human-

computer interaction, imaging processing, etc.

• Anything else?
– Art and design, psychophysics, scientific computing, other domain related 

knowledge

Topics to Be Covered 
in this Course



Preview of Topics



Why visualization can easily go wrong?

http://yifanhu.net/GALLERY/GRAPHS/

Images from the storytelling with data

http://yifanhu.net/GALLERY/GRAPHS/


Perception

C. Healey and J. Enns, “Attention and Visual Memory in Visualization and Computer Graphics”, IEEE Transactions on Visualization and Computer 
Graphics, 2011

Blob orientation        length, width               closure                           size

Curvature                   density, contrast          number, estimation     color(hue)



Colors
• Color theory and visual representation

HSV Color Wheel

How to use colors effectively?

Images from the storytelling with data



Scalar Field Visualization

• Applications
– Medical
– Physics
– Engineering
– Climate
– Environment
– ……

• 2D/2.5D

Global temperature 2008

Global temperature average



Scalar Field Visualization
• 3D

Volume Rendering

Iso-surfacing
Isosurface-Total acoustic pressure field

Microvasculature



Vector Field Visualization

• Applications
– Medical
– Physics
– Engineering
– Climate
– Environment
– Oceanography
– ……

• 2D

Texture-based

Geometry-based
Feature-based



Vector Field Visualization

• 3D

Hurricane Isabel

Feature-based

Texture-based

Geometry-based



Tensor Field Visualization

• Applications
– Physics
– Engineering
– Medical
– ……

• A rather complex but powerful notation

𝑇𝑇 =
𝑇𝑇00(𝑑𝑑,𝑑𝑑, 𝑧𝑧)

⋱

Second order tensor



Tensor field visualization 

Texture-based

Glyph-based

Geometry-based



Graphs and Charts

Abstract

London Subway Map,1927 Harry Beck,1933

Bad graphs vs. good graphs Images from the storytelling with data



FOUR QUESTIONS

1. What data is important to show?
2. What do I want to emphasize in the data?
3. What options do I have for displaying this data?
4. Which option is most effective in communicating the data?

Graphs and Charts



Information visualization 

Text visualization http://www.poynter.org

Graph visualization http://gephi.org

Tree/hierarchy data visualization
http://infosthetics.com

High-dimensional data visualization
http://ncva.itn.liu.se/great-statistics-visualization/

http://gephi.org/

	COSC 6344 Visualization��University of Houston��Instructor: Guoning Chen�gchen22@central.uh.edu 
	Course Information (I)
	Course Information (II)
	Course Information (III)
	Course Information (IV)
	Course Schedule (tentative)
	Additional Information
	Slide Number 8
	Background
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	History of Visualization
	What is (Modern) Visualization?
	What is (Modern) Visualization?
	Why is Visualization Important?
	Why is Visualization Important?
	Why is Visualization Important?
	What Does Visualization Do?
	What Does Visualization Do?
	What Does Visualization Do?
	Slide Number 30
	Slide Number 31
	Slide Number 32
	SciVis vs. InfoVis
	SciVis vs. InfoVis
	Example 1: SciVis or InfoVis?
	Example 2: SciVis or InfoVis?
	Goals and Topics
	Goals of this Course
	Slide Number 39
	Topics to Be Covered �in this Course
	Slide Number 41
	Slide Number 42
	Perception
	Colors
	Scalar Field Visualization
	Scalar Field Visualization
	Vector Field Visualization
	Vector Field Visualization
	Tensor Field Visualization
	Tensor field visualization 
	Graphs and Charts
	Slide Number 52
	Information visualization 

