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Tabular Data Visualization



dataset types





arrange is the focus of all four design 
choices for tabular data



• spatial
channels are

the most

effective for all
attribute types



Techniques and Tasks

• Magnitude

• Part to whole

• Distribution

• Deviation

• Change over Time

• Ranking

• Correlation

https://github.com/ft-interactive/chart-doctor/tree/master/visual-vocabulary
https://gramener.github.io/visual-vocabulary-vega/#/Magnitude/



Magnitude



Bar Chart Variants

Vertical Bar Chart / Column Chart

Horizontal Bar Chart

Grouped Bar Chart Lollipop Chart



Comparison of bar chart types

Small 

Multiples

Stacked bar chartPie Chart

Layered 

Bar 

Chart

Grouped 

Bar 

Chart

Streit & Gehlenborg, PoV, Nature Methods, 2014





3D Pitfall: Occlusion & Perspective

[GehlenborgandWong,NatureMethods,2012]



3D Pitfall: Occlusion & Perspective

[GehlenborgandWong,NatureMethods,2012]



IsoType Visualization

http://steveharoz.com/research/isotype
/

Otto and Marie Neurath

http://steveharoz.com/research/isotype/
http://steveharoz.com/research/isotype/
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heatmap

• uses heatmap representation
• matrix layout using keys

• encode values with color

• often augmented with clustering
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ys: heatm

heatmap

• uses heatmap representation
• matrix layout using keys

• encode values with color

• often augmented with clustering

• here, used on genomic data

Eisen 1998



Bad Color Mapping



Good Color Mapping



Color is relative!



Part of Whole



Stacked Bar Chart

• Keys: Class, Survival Class 
is spatial Survival is color

• Left: absolute values

• Right: proportional values



Pie and Donut Charts



pie charts: take care with accuracy



TreeMap



Part of Whole for Time Series



Distribution



Aggregating Large Data Vectors

• Instead of showing all data points, show a data’s distribution

• Pro: compact representation

• Con: Works only if data is “well behaved” for the type of distribution 
visualization.



Histogram



Box Plots

• aka Box-and-Whisker Plot 

• Bad for non-normal distributed 
data

• Especially bad for bi- or multi-
modal distributions



One Boxplot, Four Distributions

http://stat.mq.edu.au/wp-content/uploads/2014/05/Can_the_Box_Plot_be_Improved.pdf

http://stat.mq.edu.au/wp-content/uploads/2014/05/Can_the_Box_Plot_be_Improved.pdf


Violin Plot

• = Box Plot + Probability Density Function

http://web.stanford.edu/~mwaskom/software/seaborn/tutorial/plotting_distributions.html

http://web.stanford.edu/~mwaskom/software/seaborn/tutorial/plotting_distributions.html




One of these things is not like the other…

• 19 charts are random samples from a gaussian

• 1 chart has 20% of samples with identical value

[Corell et al, InfoVis 2019]



Detecting Data Flaws

• Tricky with aggregate visualization

• Bin size / kernel type / bandwidth / 
visualization choice all affect different 
situations



Deviation



Comparison to Reference Point

Diverging Bar Chart Juxtaposing Two Variables (male/female)



Change over Time



Line Chart

• Simple 

• Familiar 

• Accurate 

• Fairly Scalable



bad: “The more male a person

is, the taller he/she is”

ok: “Men are taller than women 

(on average)”

don’t use line charts for categorical attributes!



ok: “Height increases with age”
ok: “Twelve year olds are taller 

than ten year olds”

bad: “The more male a person

is, the taller he/she is”

ok: “Men are taller than women 

(on average)”

don’t use line charts for categorical attributes!



Aspect ratio

Talbot 2011



Aspect Ratio [Cleveland 1994]

• Bank to 45°
• The aspect ratio of a graph is an 

important factor for judging rate of 
change.

• perceptual principle: most accurate 
angle judgment is at 45°



Counter-Point: Talbot 2012

• people use two different strategies to 
estimate slope—angle and height

• slope angle accuracy NOT minimized at 
45° (closer to 60°)



Tick Placement

• Ticks help in user interpretation of data, but too much may hinder

• Automatic optimization of label formatting, font size, and orientation
• placement based on simplicity, coverage, granularity, and legibility

Talbot 2010



Stacked Area Chart



100% Stacked Area Chart



Stacked Area vs. Line Graphs

leancrew.com & Practically Efficient



Can you spot the trends? 
Overall vs Individual Components

VizWiz, A. Kriebel



Sparklines

• Small line charts can be 
embedded in text or part of 
a table

https://www.bram.us/2017/09/12/spark-a-typeface-for-creating-
sparklines-in-text-without-code/

By Peter Zelchenko



Horizon Graphs

http://square.github.io/cubism/[Heer, Sizing the Horizon, 2009]

http://square.github.io/cubism/


http://www.horizon-chart-explanation.devinlange.com/

http://www.horizon-chart-explanation.devinlange.com/


Clipped Graphs

[Lin 2019]



Clipped Graphs



Connected Scatterplot

• Two Variables + Time Only one per Chart!

• Labels important

http://www.thefunctionalart.com/2012/09/in-praise-of-connected-scatter-plots.html



Heat Map and Calendar Heat Map

https://www.informationisbeautifulawards.com/showcase/660-vaccines-and-infectious-diseases
https://blogs.sas.com/content/graphicallyspeaking/2011/12/08/calendar-

heatmaps-in-gtl/





Sometimes you can Show Too Much Data

http://www.randalolson.com/2016/03/04/revisiting-the-vaccine-visualizations/

http://www.randalolson.com/2016/03/04/revisiting-the-vaccine-visualizations/


Waterfall Chart

• Great way to show 
evolution of part of 
whole over time / 
events (non-linear 
time)



Ranking



Rankings
are Popular



MIT

Harvard

Princeton 

Cambridge 

Oxford

1.

2.

3.

4.

5.

ScoreRank University Score



Ranking

Magnitude Visualization + Sorting

Bump Charts for Rankings over Time

https://gramener.github.io/visual-vocabulary-vega/#/Ranking/



Temporal Rankings

[Perin, Vuillemot, Fekete, CHI 2014]



Table Lens

• Interactive table-
based representation

Rao & Card 1994



LineUp

Video at http://lineup.caleydo.org

https://youtu.be/iFqCBI4T8ks
http://lineup.caleydo.org/


Correlation



What is Correlation

• How do two or more variables behave relative to each other?



Axis-Based Techniques



Scatterplots



Scatterplots

• Two orthogonal axis 
visualizing one dimension 
each.

• (see prior lecture)



Scatterplot Matrices (SPLOM)

• Matrix of size d*d

• Each row/column is one dimension

• Each cell plots a scatterplot of two 
dimensions



Scatterplot Matrices

• Limited scalability (~20 
dimensions, ~500-1k records)

• Brushing is important

• Often combined with “Focus 
Scatterplot” as F+C technique

• Algorithmic approaches:
• Clustering & aggregating records

• Choosing dimensions 

• Choosing order



SPLOM Aggregation - Heat Map

Datavore:http://vis.stanford.edu/projects/datavore/splom/



SPLOM F+C, Navigation

[Elmqvist]



Parallel Coordinates



Parallel Coordinates (PC)

• Axes represent attributes

• Lines connecting axes represent items

B

X A

Y
X Y

A

B A

B

Inselberg 1985



parallel coordinates

Protovis



Parallel Coordinates

• Each axis represents 
dimension

• Lines connecting axis 
represent records

• Suitable for
• all tabular data types 

• heterogeneous data



EXAMPLE



V1 V2 V3 V4 V5

D1

EXAMPLE



V1 V2 V3 V4 V5

D2

EXAMPLE



V1 V2 V3 V4 V5

D3

EXAMPLE



show correlation

• positive correlation: straight lines

• negative correlation: lines cross at a 
single point

• Wegman 1990



do you see any correlations?

Fua 1999



PC Limitation:
Scalability to Many Dimensions

500 axes

http://bl.ocks.org/syntagmatic/raw/3150059/


PC Limitations:
Correlations only between adjacent axes
• Solution: Interaction

• Brushing

• Let user change order



PC Limitation: 
Ambiguity
• Solutions: 

• Brushing 

• Curves

Graham and Kennedy 2003



PC Limitation:
Scalability to Many Items
• Solutions: 

• Transparency 

• Bundling

• Clustering

• Sampling



HIERARCHICAL PARALLEL COORDINATES

• goal: scale up parallel coordinates to large datasets
• challenge: overplotting/occlusion

Fua 1999



HPC: ENCODING DERIVED DATA

• visual representation: variable- 
width opacity bands

• show whole cluster, not just single 
item

• min / max: spatial position cluster 
density: transparency mean: opaque

Fua 1999



HPC: INTERACTING WITH DERIVED DATA

• interactively change level of detail to navigate cluster hierarchy

Fua 1999



Data-Scalable Parallel Coordinates

• Cluster into groups of 
homogeneous behavior 
and represent positive 
and negative 
correlations directly

Nguyen 2017



Parallel Coordinates

• Shows primarily relationships 
between adjacent axis

• Limited scalability (~50 
dimensions, ~1-5k records)

• Transparency of lines

• Interaction is crucial
• Axis reordering 

• Brushing 

• Filtering

• Algorithmic support: 
• Choosing dimensions 

• Choosing order

• Clustering & aggregating records

http://bl.ocks.org/jasondavies/1341281

http://bl.ocks.org/jasondavies/1341281


Star Plot

• Similar to parallel coordinates 

• Radiate from a common origin

[Coekin1969]

http://www.itl.nist.gov/div898/handbook/eda/section3/starplot.htm

http://start1.jpl.nasa.gov/caseStudies/autoTool.cfm

http://www.itl.nist.gov/div898/handbook/eda/section3/starplot.htm
http://start1.jpl.nasa.gov/caseStudies/autoTool.cfm


What do you think?

http://www.visualcinnamon.com/2013/09/making-d3-radar-chart-look-bit-better.html



Pixel-based Representations



Pixel Based Displays

• Each cell is a “pixel”, value encoded 
in color / value

• Ordering critical for interpretation

• If no ordering inherent, clustering 
is used

• Scalable – 1 px per item Good for 
homogeneous data

• same scale & type

[Gehlenborg&Wong2012]



HiVE example: London property
partitioning attributes

house
type 

neighborhoo
d

sale time

encoding attributes 
average price (color) 

number of sales
(size)

results 
between neighborhoods, 

different housing
distributions

Slingsby 2009



Dense pixel display: VisDB

• represent each data item, or each 
attribute in an item as a single pixel

• can fit as many items on the screen as 
there are pixels, on the order of 
millions

• relies heavily on color coding 
challenge: what’s the layout?



The data…

• large database where each item has multiple 
attributes (on the order of 10)

• goal: visualize the relevance of set of items which 
satisfy a query

• plot out data items in a spiral pattern, ordered by 
relevance

Keim, Kreigel, 1994



dim. 1 dim. 2

dim. 3 dim. 4 dim. 5

relevance 
factor

Keim, Kreigel, 1994



Keim, Kreigel, 1994
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