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WHAT IS
VISUALIZATION?
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Source Wikipedia
http://sepans.com/sp/psots/wiki_category/
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WHAT IS
VISUALIZATION?
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CURIOSITY

• major themes?

• relationship of themes?

• research trends?
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TOWARDS A KEYWORD TAXONOMY
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IMPROVE THE SCIENTIFIC PROCESS
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COMMUNICATE “WHAT IS VIS ?”

13



RESEARCH
METHODOLOGY
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http://vispubdata.org
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ANALYSIS ASSUMPTIONS

• authors choose keywords that best represent their work

• authors use a somewhat finite set of key terms

• co-occurrence represents meaningful relationships
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data – IEEE VIS conference 1990-2015

2431 papers 4319 unique
keywords

3952 unique
cleaned keywords

180 topics
14 categories
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http://keyvis.org
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QUANTITATIVE ANALYSIS
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1575 papers (65%)
3634 unique keywords (91%)

2000 2015

FILTERING
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Data – PCS Taxonomy 2008-2015 
(for IEEE VIS papers)

3430 paper
submissions

127 unique keywords
14 categories
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RESULTS
Only looking at topics and PCS keywords
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GUIDING QUESTIONS

what did we learn about the field of Visualization?

what did we learn about building a Visualization 
taxonomy?
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RESEARCH THEMES
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rendering
illumination

volume rendering, modeling & vis
GPU-based techniques

raytracing/-casting

KEYWORD CORRELATION CLUSTERS
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KEYWORD CORRELATION GRAPHS
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STRATEGIC DIAGRAMS

IVORY TOWER MOTOR THEMES

RISING OR DECLINING BANDWAGON

density

centrality
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psychology consumer behavior software engineering stem cell research

Y. Liu, et al. CHI (2014)
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2000-2007
topic keywords

MOTOR THEMES
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2000-2007 2008-2015

MOTOR THEMES MOTOR THEMES
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Y. Liu, et al. CHI (2014)
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2000-2007 2008-2015

• is our research too contextual? 
• do we focus too much on novel 

techniques and tools?
• is the field still growing too much 

to observe motor themes?
• do we not share a common 

vocabulary?

ACCUMULATED KNOWLEDGE?

Y. Liu, et al. CHI (2014)
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2008-2015
PCS KEYWORDS

DATA

VAST
PERCEPTION & COGNITION

MOTOR THEMES
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INDIVIDUAL 
KEYWORDS
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MOST COMMON KEYWORDS

TOPICS

volume rendering, modeling, & vis

interaction techniques – general

graph/network data & tech

evaluation – general 

biomedical science & medicine 

PCS

visual knowledge discovery

graph/network data

coordinated & multiple views

user interfaces

biomedical & medical vis
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MOST COMMON KEYWORDS

TOPICS

volume rendering, modeling, & vis

interaction techniques – general

graph/network data & tech

evaluation – general 

biomedical science & medicine 

PCS

visual knowledge discovery

graph/network data

coordinated & multiple views

user interfaces

biomedical & medical vis
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MOST COMMON KEYWORDS

TOPICS

volume rendering, modeling, & vis 

interaction techniques – general

graph/network data & techn

evaluation – general

biomedical science & medicine

PCS

visual knowledge discovery

graph/network data

coordinated & multiple views

user interfaces

biomedical & medical vis
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EVALUATION - GENERAL
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EVALUATION - GENERAL

AUTHOR KEYWORDS

…

experiment design

evaluation methodology

empirical evaluation

…

PCS – EVALUATION CATEGORY

Field Studies

Laboratory Studies

Metrics and Benchmarks

Qualitative Evaluation

Quantitative Evaluation

Task and Requirements Analysis

Usability Studies

?
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TERM FREQUENCY

OUR EVALUATION CATEGORY

Field Studies

Laboratory Studies

Evaluation Metrics and Benchmarks

Qualitative Evaluation

Quantitative Evaluation

Tasks, Task & Requirements Analysis

Usability Studies

Design Studies and Case Studies

Evaluation General

PCS – EVALUATION CATEGORY

Field Studies

Laboratory Studies

Metrics and Benchmarks

Qualitative Evaluation

Quantitative Evaluation

Task and Requirements Analysis

Usability Studies
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SHOULD WE ADD AND REMOVE 
KEYWORDS?
if yes, when and how should they be chosen?
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SHOULD WE LOOK AT TRENDS? 

2000-2007

volume rendering, modeling & vis

meshes, grids & lattices

flow vis, data, & techniques

biomedical science & medicine

numerical methods / mathematics

2008-2015

interaction techniques – general

evaluation – general

volume rendering, modeling & vis

graph/network data & techniques

multidim./-var./.-field data & techn
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SIGNIFICANT TEMPORAL TRENDS
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SUMMARY OF TAXONOMY CHALLENGES

objectivity – how to avoid overemphasis & underspecification based on 
“believes”

Perceptual Cognition 1.5%
Color Perception 1.3%
Cognitive and Perceptual Skill 1.3%
Cognition Theory 1.3%
Perception Theory 1.2%
Scene Perception 1.1%
Motion Perception <1%
Attention and Blindness <1%
Texture Perception <1%
Distributed Cognition <1%
Embodied / Enactive Cognition <1%
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SUMMARY OF TAXONOMY CHALLENGES

objectivity – how to avoid overemphasis & underspecification based on 
“believes”

clarity – how to avoid ambiguity of keywords

multi-dimensional data 
vs.

high-dimensional data
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SUMMARY OF TAXONOMY CHALLENGES

objectivity – how to avoid overemphasis & underspecification based on 
“believes”

clarity – how to avoid ambiguity of keywords

higher-level categories – what to do with keywords that fit in many?

multi-dimensional data  
(large data visualization)

vs.
high-dimensional data 

(non-spatial data and techniques)
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SUMMARY OF TAXONOMY CHALLENGES

objectivity – how to avoid overemphasis & underspecification based on 
“believes”

clarity – how to avoid ambiguity of keywords

higher-level categories – what to do with keywords that fit in many?

naming

collaborative and distributed visualization
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FINALLY
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LIMITATIONS

• we are not social scientists

• the dataset is rich but limited
• our work can / should be complemented by other approaches

http://vispubdata.org http://keyvis.org http://tinyurl.com/keyvis
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LETS FIND ANSWERS TOGETHER

• how should we establish and maintain a VIS taxonomy ?

• do we need more than one taxonomy ?

• what is our accumulated knowledge ?

• do we build enough on previous work ?

• do we rely too much on external factors (data, applications, …) ?

• …
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Visualization as Seen 
Through its Research Paper 

Keywords
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Additional Slides
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most common topics

2008-2015

interaction techniques – general

evaluation – general

volume rendering, modeling & vis

graph/network data & techniques

multidim./-var./.-field data & techn

PCS

visual knowledge discovery

graph/network data

coordinated and multiple views

user interfaces

biomedical and medical vis
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Co-Word Analysis

1. Build co-occurrence matrix

Keywords 

K
eyw

o
rds 

flow visualization

vector field visualization

5
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Co-Word Analysis

2. Build correlation matrix

Keywords 

K
eyw

o
rds 

flow visualization

vector field visualization

0.2
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Co-Word Analysis

3. Clustering (filtered)

vector field visualization
unstructured grid

vector field topology
flow visualization

simplification
morse-small complex
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Co-Word Analysis

4. Keyword Network (filtered)
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why topic coding?
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why topic coding?
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Topic Coding

1. Initial coding: 2004-2013 data (10 years), freely evolving code-set, 5 coders
2. Clustering: refining of topics with automatic and manual clustering

 156 unique topics

3. Consolidation: 2-day workshop, PCS keywords vs. our topics, higher-level 
category coding
 210 unique topics

4. Refining: Assign all 3952 keywords a topic, collection of problems, 
ambiguities etc.

5. Re-coding: all keywords recoded with new code-set, 2 coders per keyword
6. Fine-tuning: remote meeting, looking at frequencies

 180 topics, 14 categories
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taxonomy of key terms 
in visualizationsituate rank expertise

reviewers
authors

communication
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RESEARCH METHODS
RESEARCH 

CONTRIBUTIONS

APPLICATIONS

HISTORY TAXONOMIES
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Assumptions

• keywords come from a somewhat finite and codified 
repository of domain terms

• used together to propose non-trivial relationships

• the proposal of the same relationship by different 
authors is informative
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CO-WORD ANALYSIS
(analyze correlations between keywords)

author keywords author topics PCS keywords
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SPECIFIC NAMING VS. GENERALITY

IEEE terms

rendering (CG)

computer graphics

visual analytics

computational modeling

data mining

INSPEC controlled

rendering (CG)

data analysis

computational geometry

interactive systems

medical image processing
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