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Clear, detailed, and thorough labeling should be 
used to defeat graphical distortion and ambiguity.

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.
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Show data variation, not design variation.

aka The Lie Factor



Tufte’s design principles
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-maximize the data-ink ratio

-avoid chart junk (sometimes)

-use multifunctioning elements

-layer information

-maximize the data density
- shrink the graphics
-maximize the amount of data shown (sometimes)



Contrast
Repetition
Alignment
Proximity
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Williams’s design principles



critique & redesign exercise . . .
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http://junkcharts.typepad.com/junk_charts/2011/11/ornaments-or-fireworks-for-christmas.html8
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-visualization design process

-types of research contributions



COMMENTS ON READINGS
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-visualization design process

-types of research contributions



 target

 

 

target a . . .
. . . specific domain
. . . set of users

learn about goals of 
users and kinds of data

acquire and clean data

How do you select and foster a good collaboration?



 target

 translate

 

 

translate goals into data 
analysis tasks 

structure and characterize data

create abstraction of problem



15 from The Far Side by Gary Larsen
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From patterns of conservation in gene 
expression profiles we want to visualize the 
evolutionary mechanisms that influence 
gene regulation.

blah blah blah blah blah blah blah 
blah blah visualize blah blah blah 

blah blah blah blah blah

So, you want to characterize the 
differences in, and find similar groups of, 

time series that correspond to nodes in 
a binary tree.

blah blah blah blah blah blah blah 
blah blah blah blah blah blah blah blah 
blah blah blah blah blah

hmmmm. . .  ahHA!
1010011

1010011

1010011

What do you want to visualize?
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From patterns of conservation in gene 
expression profiles we want to visualize the 
evolutionary mechanisms that influence 
gene regulation.

blah blah blah blah blah blah blah 
blah blah visualize blah blah blah 

blah blah blah blah blah

So, you want to characterize the 
differences in, and find similar groups of, 

time series that correspond to nodes in 
a binary tree.

blah blah blah blah blah blah blah 
blah blah blah blah blah blah blah blah 
blah blah blah blah blah

hmmmm. . .  ahHA!
1010011

1010011

1010011

What do you want to visualize?
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tabular

data

spatialrelationalcategorical

ordered

ordinal quantiative

this Thursday
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next Thursday



 target

 translate

 design 

 

design visual encodings and 
interaction mechanisms to 
support data and task 
abstraction

transform data with 
appropriate computational 
methods

try many ideas!



Semiology of Graphics
Bertin, 1967

Automating the Design of Graphical Presentations of Relational Information
MacKinlay, 1986

next Tuesday



space of possible solutions space of possible solutions

try many ideas

22

good solution
best solution

consideration space

consideration space



RAPID PROTOTYPING

Michael Sedlmair



ideation exercise . . .
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 target

 translate

 design 

 implement

 

bring your design to life

optimize algorithms



26
http://vis.stanford.edu/papers/d3http://processing.org/

in early March

http://vis.stanford.edu/papers/d3
http://vis.stanford.edu/papers/d3
http://processing.org
http://processing.org
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 translate

 design 

 implement

 

problem characterization 
and abstraction

visualization design 20%

80%



 target

 translate

 design 

 implement

 validate ensure visualization system 
supports target users’ goals



29 Carpendale 2008

in late March



 target

 translate

 design 

 implement

 validate 

evaluate

no amount of brilliant design 
can overcome designing for 
the wrong thing



NESTED MODEL

31 Munzner 2009

what can go wrong, and how do we validate?



32 Munzner 2009

problem
threat:

validation:
they don’t do that
immediate, observe and interview users
downstream, notice adoption rates



33 Munzner 2009

abstraction
threat:

validation:
you’re showing them the wrong thing
downstream, deploy and observe usage



34 Munzner 2009

design
threat:

validation:
they way you show it doesn’t work
immediate, justification with known principles
downstream, qualitative or quantitative 
analysis of results; lab study measuring time 
and error



35 Munzner 2009

algorithm
threat:

validation:
you’re code is too slow
immediate, complexity analysis
downstream, benchmarks for system time 
and memory



36 Munzner 2009

avoid validation mismatch
-cannot validate encoding with system timings
-cannot validate abstraction with lab studies



 target

 translate

 design 

 implement

 validate 

evaluate

user-centered design

usability engineering

participatory design

design thinking



 target

 translate

 design 

 implement

 validate 

evaluate

user-centered design

usability engineering

participatory design

design thinking



 target

 translate

 design 

 implement

 validate 

evaluate

user-centered design

usability engineering

participatory design

design thinking



Pathline
A Tool for Comparative Functional Genomics Data

Pathline: A Tool for Comparative Functional Genomics
M. Meyer et al., IEEE/Eurographics EuroVis 2010.

joint work with:
Bang Wong, Mark Styczynski, Tamara Munzner, Hanspeter Pfister
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 target

 translate

 design 

 implement

 validate 



functional genomics

how do genes work together to perform 
different functions in a cell?



functional genomics data

gene expression
molecular pathways



visualized with heatmaps 
[Wilkinson09] [Saldanha04] [Seo02] [Eisen98]
[Gehlenborg10] [Weinstein08]

encode value with color

gene expression is ...

... the measured level of how 
much a gene is on or off 

... a single quantitative value

biologists measure it ...

... for many genes

... in many samples (time points, 
tissue types, species) 

0.20.2

1.0

0.7

1.0

0.5

0.7

1.0

0.5

0.2 0.4 1.0 1.0 1.0 0.8

1.0 0.0 0.0 0.0 1.0 1.0

0.7 0.8 1.0 1.0 0.8 0.6

1.0 0.0 0.2 0.5 1.0 1.0

0.5 0.8 0.5 0.3 0.5 0.8
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visualized with heatmaps 
[Wilkinson09] [Saldanha04] [Seo02] [Eisen98]
[Gehlenborg10] [Weinstein08]

encode value with color

augmented with clustering 

gene expression is ...

... the measured level of how 
much a gene is on or off 

... a single quantitative value

biologists measure it ...

... for many genes

... in many samples (time points, 
tissue types, species) 

[Eisen98]



functional genomics data

gene expression
molecular pathways



the functioning of a cell is controlled by 
many interrelated chemical reactions 
performed by genes

input output / input output

genes genes =  cell function



pathways

gl
yc

ol
ys

is

tca cycle

www.genome.jp/kegg/



functional genomics

how do genes work together to perform 
different functions in a cell?

comparative functional genomics

how do the gene interactions vary across 
different species?



data: multiple genes
          multiple time points
          multiple related species
          multiple pathways

collaborators: Regev Lab at the Broad Institute

biology: metabolism in yeast

problem: existing tools can only look at a subset of this data

comparative functional genomics

how do the gene interactions vary across 
different species?
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 design 

 implement

 validate 



gene expression
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= 0.83 

•aggregate time series 
for a gene/metabolite 
over species

•similarity of expression 
across species

•aggregate: Pearson, 
Spearman, others

•quantitative value

aggregate 
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metabolic 
pathways

•6000 genes and 
140 metabolites

•6 time points

•14 species of yeast

•3D table

•10 to 50 pathways 
of interest

•inputs/outputs 
called metabolites

•directed graph

phylogeny
•evolutionary 
relationship

•binary 
tree



tasks
-study expression data as a time series

-compare a limited number of time series

-compare similarity scores along a pathway(s)

-comparison of multiple similarity scores







metabolic pathways



similarity scores



similarity scores



similarity scores



gene expression



phylogeny
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positionlength

angle

slope

areavolume

color

density

less accurate more accurate



encode quantitative values with spatial position



encode quantitative values with spatial position

www.win.tue.nl/~mwestenb/genevis/

topological layout
!"!"

!"#

$"

!"#$%

!%

!&&

$&

!"&

!&'

$(

)

*

!+

!"'

,

-

!%

!"'

."

/&'

!%#

0'12' "1''

0'12' "1''

!"# !"#"$
3456,5* 5787597 -:*:57);:4<,=

%"&'()*+&"$ %"&,+-$
$7,594<>?-/54?@"
$7,594<>?-/54?@%
$7,594<ABB

$%

0C1&

D(1'

0#1C

D"1%

0#1#

D"1%

0#1E

D"1%

0+1(

D%1(

0E1E

D&12

0#1%

D"1+

021C

D(1'

0#1"

D"1#

0#1#

D"1"

0C1&

D'1C

0#1+

D"1E

0%1E

D"1E

0+1C

D"1E

0#1'

D"1C

&%

&'

&(

&)

&*

&+

&,

&-

&.

&%/

&%%

&%'

&%(

&%)

0123456" 172884798:7;8<01:125="79>6;2586147?"68<5;@
0123A1# <"2:5;78=":=5"A @0";5"@ ;>:="<10 8=":41#@

linearized pathway



encode quantitative values with spatial position

curvemap
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heatmap

courtesy of M. Styczynski from JavaTreeview
jtreeview.sourceforge.net/



Pathline
linearized pathway representation



linearized pathway 
representation

common axes to compare 
similarity scores
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- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores

- multiple pathways
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pathway to ordered list of nodes

shared coordinate frame 
and stylized marks

reinsertunroll and cut



linearized pathway 
representation
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- use spatial position for similarity scores 

- topology is secondary

putting it together . . .



Pathline
curvemap



curvemap
inspired by heatmaps
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- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species

- columns are genes/metabolites

- overlays to enhance trends
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case study

-qualitative research method

- in-depth study of individual or group

-real-world setting

-description and interpretation  
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LESSONS LEARNED

-process supports efficient 
development

-collaborators’ time commitment 
is front loaded

-rapid prototyping is essential
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LESSONS LEARNED

-process supports efficient 
development

-collaborators’ time commitment 
is front loaded

-rapid prototyping is essential

-put off coding as long as possible



contributions
-Pathline

- multiple genes, time points, species, and pathways

-linearized pathway representation

-curvemap

-tool deployment
- open source
- used daily by several collaborators
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-visualization design process

-types of research contributions
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http://www.visweek.org/visweek/2011/info/call-participation/paper-submission-guidelines%23PaperTypes
http://www.visweek.org/visweek/2011/info/call-participation/paper-submission-guidelines%23PaperTypes
http://www.visweek.org/visweek/2011/info/call-participation/paper-submission-guidelines%23PaperTypes


L4: Data

REQUIRED READING
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