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DESIGN STUDIES
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-parallel coordinates grades out
-questions about transfer functions?
-exam next Thursday



last time . . .
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- software architecture models
- focus on the structure of a software system in terms of 
its programmatic components
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- software architecture models
- focus on the structure of a software system in terms of 
its programmatic components

- design decision models
- describe and capture design decisions

- process models
- describe stages with concrete actions a designer should 
engage in
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reference model
-software architecture pattern

- breaks up visualization (user) process into a series of discrete 
steps
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reference model
-software architecture pattern

- breaks up visualization (user) process into a series of discrete 
steps

originally developed by Ed Chi as part of PhD dissertation, called the data state model; showed equivalence 
to data flow model used in existing toolkits like VTK
later interpreted by Card, Mackinlay, and Shneiderman, dubbing it the information visualization reference 
model
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Nested levels in model

domain problem characterization 
     data/operation abstraction design 
          encoding/interaction technique design 
               algorithm design

• output of upstream level 
input to downstream level 

• challenge: upstream errors inevitably cascade 
• if poor abstraction choice made, even perfect technique and 

algorithm design will not solve intended problem
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domain problem characterization 

data/task abstraction design

encoding/interaction technique design

algorithm design

Munzner 2009

NESTED MODEL

blocks
guidelines
between-level guideline  

within-level guideline  

NESTED BLOCKS AND GUIDELINES
[Meyer 2013]
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domain problem characterization 

data/task abstraction design

encoding/interaction technique design

algorithm design

PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write

process model: gives practical 
advice in how to design and 
develop a tool

nested model

9-stage framework

design decision models vs process models

design decision model: 
describes levels of design 
inherent to, and should be 
considered in, the creation of 
a tool



today . . .
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DESIGN STUDIES
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-what is a design study?
-data and task axes
-nine-stage framework
-Pathline
-MizBee
-selected pitfalls



DESIGN STUDIES
Popular

SignalLens BallotMaps

Vismon

MulteeSum

code_swarmABySS-Explorer

13



DESIGN STUDIES
Hard!
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DESIGN STUDIES
How to?

Methods Methodology
http://www.air-n-water.com/blog/quick-summer-meal/

http://manwifeanddog.com/2012/05/05/a-homemade-recipe-for-a-happy-wife/
15
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DESIGN STUDIES
How to: Methods

DATA SKETCHES
[Lloyd and Dykes, InfoVis 2011]

MILCS
[Shneiderman and Plaisant, BELIV 2006]

INSIGHT-BASED
[Sarayia et al., TVCG 2005]
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DESIGN STUDIES
How to: Methodology

Methods Methodology
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DESIGN STUDIES
How to: Methodology

Methods Methodology
http://www.air-n-water.com/blog/quick-summer-meal/

http://manwifeanddog.com/2012/05/05/a-homemade-recipe-for-a-happy-wife/

Good 
ingredients

... but no 
recipes
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DESIGN STUDIES
Three paragraphs!

visweek.org Munzner 2008

18



GOAL
Design Study Methodology
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design study    
- a project  
- analyze a real-world problem 
- design a visualization system 
- validate the design 
- reflect about lessons learned

Design Study Methodology: Reflections for the Trenches and the Stacks.
M. Sedlmair, M. Meyer, T. Munzner, IEEE TVCG (Proceedings of InfoVis 2012).
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TASK  CLARITY
fuzzy crisp

INFORMATION  LOCATION
head computer



-tasks in vis are usually rather complex
-not just: buy a train ticket
- instead: wicked problems

-what is a wicked problem?

broad
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10 properties 
of a wicked 
problem



time

U
se

r 
ce

rt
ai

nt
y good good code monkey really hard problem (failure)

-SubAxes
- task scope

- broad vs. narrow
- task decomposition

- task characterization
- shared understanding

- task stability
- designer influence is disruptive

- abstraction and tools change user’s needs: CONTRIBUTION 
- user’s needs change during project

- DANGER
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be aware...
-changing user practice

- researcher is actively intervening: change can be good 
(contribution!), but might be hard to track 

-demand characteristics | experimenter bias
- the system your are studying is changing by the fact 
that you are studying it

- users change behavior because they know they are 
being studied

-unconscious bias by experimenters that effect subjects

- Pitfall: “But they liked it ...”
-necessary but not sufficient

  



-how much information is made explicit 
in digital form vs implicit in user head

-more than just ‘data’
-metadata
- surrounding knowledge and context
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INFORMATION  LOCATION
head computer
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You have to be at least this far in order 
to start designing a visualization solution.

N
ow

 it’s so w
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-movement along the axes 
-back and forth along task
-usually only forward along information

-movement along one axis often causes movement along 
the other 

- increased task clarity facilitates understanding of derived data 
needs 

- increased information articulation facilitates understanding of 
analysis needs

-forward movement along the axes as a problem 
characterization/abstraction contribution 

-vs. technique driven: you are at a specific point on these axes

34



-using task axis to compare vis to 
other areas

- in vis we wanna build tools for ill-defined hard 
problems (wicked problems),  that’s what 
makes us different form Stats or ML

-we share this with other communities: CSCW, 
UbiComp

- but in these areas: no or little data involved



Vis: Relation to other areas/fields
ta

sk
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la
ri

ty

amount of data

Vis vs. 
• HCI: The user task is 

larger, more complex; 
more data

• CSCW, Ubicomp: Share 
the squishy task, but it’s 
not about data analysis

• Stats/ML: Data Analysis 
but crisp task

VisCSCW/
Ubicomp

Stats/
ML

Generic
HCI
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NINE-STAGE FRAMEWORK
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discover reflectcastlearn deploydesign writeimplementwinnow
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PRECONDITION
what must be done before starting a project



PRECONDITION ANALYSIS

discover reflectcastlearn deploydesign writeimplementwinnow

CORE

main steps of a design study



PRECONDITION CORE

discover reflectcastlearn deploydesign writeimplementwinnow

ANALYSIS
analytical reasoning at the end
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CORE

problem characterization & abstraction

discover design implement deploy



CORE

problem characterization & abstraction

“data counseling”

discover design implement deploy



functional genomics

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



functional genomics data 

gene expression
molecular pathways
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gene expression is ...

... the measured level of how 
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... for many genes
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visualized with heatmaps  

encode value with color
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visualized with heatmaps  

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

input output / input output

genes genes =  cell function



www.genome.jp/kegg/
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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?



collaborators: Regev Lab at the Broad Institute

biology: metabolism in yeast

comparative functional genomics 

how do the gene interactions vary across 
different species?

AVIV REGEV



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

collaborators: Regev Lab at the Broad Institute

biology: metabolism in yeast

comparative functional genomics 

how do the gene interactions vary across 
different species?

AVIV REGEV



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?

AVIV REGEV



process
-semistructured & contextual interviews

-4 biologists 
-2 experimental, 2 computational

-3-4 hours per week for a month

-in parallel with design stage
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gene expression

t1 t2 t3 t4 t5 t6

g1 0.2 0.4 1 1 1 1

m1 1 0 0 0 1 0.8

g2 -0.7 0.8 1 1 0.8 0.2

m2 1 0 0.2 0.5 1 0.2
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m3 -0.7 0.5 0.8 -0.7 -1 0.5

g7 -1 -0.3 0.4 -1 -1 -1

g8 -0.5 0 0 -0.7 -0.5 -0.7

metabolic 
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tca cycle
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•6000 genes and 
140 metabolites•10 to 50 pathways 

of interest
•inputs/outputs 
called metabolites

•directed graph

similarity scores phylogeny
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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
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CORE

broad consideration space        narrow proposal space

discover design implement deploy



positionlength

angle

slope

areavolume

color

density

less accurate more accurate

Graphical Perception: Theory, Experimentation, and Application to the Development of Graphical Methods.
W. Cleveland and R. McGill, Journal of the American Statistical Association, 1984.
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Rainbow Color Maps (Still) Considered Harmful.
D. Borland and R. Taylor, Computer Graphics and Applications, 2007.





GLU

PYR

G
L
Y
C
O
L
Y
S
IS

PYR

T
C
A

c

d

R5P

G3P

a

b

G6P

G3P

P
P
P

CIT3

  0 1.00

  0 1.00



GLU

PYR

G
L
Y
C
O
L
Y
S
IS

PYR

T
C
A

c

d

R5P

G3P

a

b

G6P

G3P

P
P
P

CIT3

  0 1.00

  0 1.00



linearized pathway 
representation

m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay



linearized pathway 
representation

- bars and circles
- visual layers for selective attention
- color-code gene direction

m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay



linearized pathway 
representation

- bars and circles
- visual layers for selective attention
- color-code gene direction

m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay



linearized pathway 
representation

- bars and circles
- visual layers for selective attention
- color-code gene direction

m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay



linearized pathway 
representation

- bars and circles
- visual layers for selective attention
- color-code gene direction

m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay



m1m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4
c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

m1

-9.3

 4.0

-8.9

 1.2

-8.8

 1.2

-8.6

 1.2

-7.4

 2.4

-6.6

 3.5

-8.2

 1.7

-5.9

 4.0

-8.1

 1.8

-8.8

 1.1

-9.3

 0.9

-8.7

 1.6

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYSlinearized pathway 

representation
0.0 1.0

common axes to compare 
similarity scores

similarity score

pa
th

w
ay

- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores



linearized pathway 
representation

common axes to compare 
similarity scores

!"
!#
!$

%&'

%&(

%&

%&'

)&

%&')*

%*

%++

)+
%&+

%+,

)-

.

/

%$

%&,

0

1

%*

%&,

2&

!+,

%*'

3,4", &4,,

3,4", &4,,

!"# !"#"$
567807/ 79:97;9 1</<79.=<6>0?

%"&'()*+&"$ %"&,+-$
)907;6>@A1!76AB&
)907;6>@A1!76AB*
)907;6>CDD

$%

3+4*

E*4#

$&

3-4+

E-4+

$'

3*4+

E(4"

()*

3*4$

E*4+

()+

3+4,

E*4#

3*4"

E$4"

3*4$

E(4+

3+4*

E*4*

3&4(

E(4"

3*4-

E+4,

3*4&

E*4-

3*4'

E$4'

3+4*

E#4,

3*4,

E'4"

3+4&

E#4#

3-4+

E"4"

3*4'

E&4'

3&4(

E,4*

3&4$

E(4&

,)

,-

,.

,/

,%

,&

,'

,*

,+

,)0

,))

,)-

,).

,)/

1234567" 2839958:9;8<9=12;236>"8:?7<3697258@"79=6<A
1234B2# ="3;6<89>";>6"B A1"<6"A <?;>"=21 9>";52#A

- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores

- multiple pathways



linearized pathway 
representation

common axes to compare 
similarity scores

!"
!#
!$

%&'

%&(

%&

%&'

)&

%&')*

%*

%++

)+
%&+

%+,

)-

.

/

%$

%&,

0

1

%*

%&,

2&

!+,

%*'

3,4", &4,,

3,4", &4,,

!"# !"#"$
567807/ 79:97;9 1</<79.=<6>0?

%"&'()*+&"$ %"&,+-$
)907;6>@A1!76AB&
)907;6>@A1!76AB*
)907;6>CDD

$%

3+4*

E*4#

$&

3-4+

E-4+

$'

3*4+

E(4"

()*

3*4$

E*4+

()+

3+4,

E*4#

3*4"

E$4"

3*4$

E(4+

3+4*

E*4*

3&4(

E(4"

3*4-

E+4,

3*4&

E*4-

3*4'

E$4'

3+4*

E#4,

3*4,

E'4"

3+4&

E#4#

3-4+

E"4"

3*4'

E&4'

3&4(

E,4*

3&4$

E(4&

,)

,-

,.

,/

,%

,&

,'

,*

,+

,)0

,))

,)-

,).

,)/

1234567" 2839958:9;8<9=12;236>"8:?7<3697258@"79=6<A
1234B2# ="3;6<89>";>6"B A1"<6"A <?;>"=21 9>";52#A

- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores

- multiple pathways



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes

unroll and cut



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes

reinsertunroll and cut



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes

shared coordinate frame and 
stylized marks

reinsertunroll and cut



Branch

Cycle

Gene(s)
Metabolite

Branch
point

(a) (b) (c) (d)

1

2

1

2

pathway to ordered list of nodes

shared coordinate frame and 
stylized marks

reinsertunroll and cut



linearized pathway 
representation

!"
!#
!$

%&'

%&(

%&

%&'

)&

%&')*

%*

%++

)+

%&+

%+,

)-

.

/

%$

%&,

0

1

%*

%&,

2&

!+,

%*'

3,4", &4,,

3,4", &4,,

!"# !"#"$
567807/ 79:97;9 1</<79.=<6>0?

%"&'()*+&"$ %"&,+-$
)907;6>@A1!76AB&
)907;6>@A1!76AB*
)907;6>CDD

$%

3+4*

E*4#

$&

3-4+

E-4+

$'

3*4+

E(4"

()*

3*4$

E*4+

()+

3+4,

E*4#

3*4"

E$4"

3*4$

E(4+

3+4*

E*4*

3&4(

E(4"

3*4-

E+4,

3*4&

E*4-

3*4'

E$4'

3+4*

E#4,

3*4,

E'4"

3+4&

E#4#

3-4+

E"4"

3*4'

E&4'

3&4(

E,4*

3&4$

E(4&

,)

,-

,.

,/

,%

,&

,'

,*

,+

,)0

,))

,)-

,).

,)/

1234567" 2839958:9;8<9=12;236>"8:?7<3697258@"79=6<A
1234B2# ="3;6<89>";>6"B A1"<6"A <?;>"=21 9>";52#A

- use spatial position for similarity scores 

- topology is secondary

putting it together . . .



PAPER PROTOTYPES



0

0.5

1

0

0.5

1

Glucose G6P F6P FBP Gly-3-P DHAP 1,3-BPG 3PG 2PG PEP Pyruvate Acetyl-CoA

GPM1
0.43026

orientation & marks



0

0.5

1

0

0.5

1

Glucose G6P F6P FBP Gly-3-P DHAP 1,3-BPG 3PG 2PG PEP Pyruvate Acetyl-CoA

ENO2
0.49543

orientation & marks



GLYCOLYSIS

0 0.5 1

0 0.5 1

Glucose

G6P

F6P

FBP

Gly-3-P

DHAP

1,3-BPG

3PG

2PG

PEP

Pyruvate

Acetyl-CoA

Glucose

forward enzyme
reverse enzyme
bidirectional enzyme
metabolite

Glucose
0

Bb32

0
Smik

0
Sbay

0
SBU

0
Cgla

0
Scas

0
Kwal

0
Sklu

0

Klac

0
Calb

0Ylip

0
Sjap

0
Spom

Glucose

0000000000000

normalized
absolute

orientation & marks



GLYCOLYSIS

Glucose

G6P

F6P

FBP

Gly-3-P

DHAP

1,3-BPG

3PG

2PG

PEP

Pyruvate

Acetyl-CoA

Glucose
HXK1

HXK2
GLK1

PGI1
F6P

PFK1
PFK2

0.00 0.50 1.00

0.00 0.50 1.00

forward enzyme
reverse enzyme
bidirectional enzyme
metabolite

Glucose

0

HXK1

0

HXK2

0

GLK1

0

PGI1

0

F6P

0

PFK1

0

PFK2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Bb32

Smik

Sbay

SBU

Cgla

Scas

Kwal

Sklu

Klac

Calb

Ylip

Sjap

Spom

orientation & marks



GLYCOLYSIS

HXK2
GLK1

PGI1

PFK2

FBP

Glucose

G6P

F6P

FBP

Gly-3-P

DHAP

1,3-BPG

3PG

2PG

PEP

Pyruvate

Acetyl-CoA

0.00 0.50 1.00

0.00 0.50 1.00

forward enzyme
reverse enzyme
bidirectional enzyme

HXK2

0

GLK1

0

PGI1

0

PFK2

0

FBP

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Bb32

Smik

Sbay

SBU

Cgla

Scas

Kwal

Sklu

Klac

Calb

Ylip

Sjap

Spom

orientation & marks



branches



branches



!"
!#
!$

%&'

%&(

%&

%&'

)&

%&')*

%*

%++

)+

%&+

%+,

)-

.

/

%$

%&,

0

1

%*

%&,
2&

!+,

%*'

3,4", &4,,

3,4", &4,,

!"# !"#"$
567807/ 79:97;9 1</<79.=<6>0?

%"&'()*+&"$ %"&,+-$
)907;6>@A1!76AB&
)907;6>@A1!76AB*
)907;6>CDD

$%

3+4*

E*4#

$&

3-4+

E-4+

$'

3*4+

E(4"

()*

3*4$

E*4+

()+

3+4,

E*4#

3*4"

E$4"

3*4$

E(4+

3+4*

E*4*

3&4(

E(4"

3*4-

E+4,

3*4&

E*4-

3*4'

E$4'

3+4*

E#4,

3*4,

E'4"

3+4&

E#4#

3-4+

E"4"

3*4'

E&4'

3&4(

E,4*

3&4$

E(4&

,)

,-

,.

,/

,%

,&

,'

,*

,+

,)0

,))

,)-

,).

,)/

1234567" 2839958:9;8<9=12;236>"8:?7<3697258@"79=6<A
1234B2# ="3;6<89>";>6"B A1"<6"A <?;>"=21 9>";52#A



Pathline 
curvemap



STARTING POINT



Glycolysis(
GE:$red(up$
$$$$$$$green(down$
Sat:3x$

MET:$yellow(up$
$$$$$$$$$$blue(down$
Sat:2x$

time

ge
ne

s

species



H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g1

-5.2

 8.3

g2

-7.1

 4.7

-7.1

 7.7

-5.0

 8.3

-3.8

 5.4

-5.2

 3.0

-4.4

 4.6

 0.0

 4.2

-3.4

 2.3

-1.5

 3.9

-2.1

 4.7

-4.6

 3.7

-3.6

 3.9

-2.6

 0.5

-1.1

 0.0

-1.0

 1.3

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

curvemap
inspired by heatmaps

time

ex
pr

es
si

on

time



H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g1

-5.2

 8.3

g2

-7.1

 4.7

-7.1

 7.7

-5.0

 8.3

-3.8

 5.4

-5.2

 3.0

-4.4

 4.6

 0.0

 4.2

-3.4

 2.3

-1.5

 3.9

-2.1

 4.7

-4.6

 3.7

-3.6

 3.9

-2.6

 0.5

-1.1

 0.0

-1.0

 1.3

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

curvemap
inspired by heatmaps

- base visual unit is a curve

time

ex
pr

es
si

on

time



H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

H
X
K

1
H

X
K

2

H
X
K

1
2

B
b
3
2

S
m

ik

S
b
a
y

S
B
U

C
g
la

S
c
a
s

K
p
o
l

K
w

a
l

S
k
lu

K
la

c

C
a
lb

Y
li
p

S
ja

p

S
p
o
m

(b
)

(a
)

1  
2

3  
4

5  
6

g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g1

-5.2

 8.3

g2

-7.1

 4.7

-7.1

 7.7

-5.0

 8.3

-3.8

 5.4

-5.2

 3.0

-4.4

 4.6

 0.0

 4.2

-3.4

 2.3

-1.5

 3.9

-2.1

 4.7

-4.6

 3.7

-3.6

 3.9

-2.6

 0.5

-1.1

 0.0

-1.0

 1.3

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

curvemap
inspired by heatmaps

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception



curvemap
inspired by heatmaps

m1
g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g2 / gene2  0.83

m1

-9.3

 4.0

g1

-5.2

 8.3

g2

-7.1

 4.7

-8.9

 7.7

-8.8

 8.3

-8.6

 5.4

-7.4

 3.0

-6.6

 4.6

-8.2

 4.2

-5.9

 4.0

-8.1

 3.9

-8.8

 4.7

-9.3

 3.7

-8.7

 3.9

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception



curvemap
inspired by heatmaps

m1
g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g2 / gene2  0.83

m1

-9.3

 4.0

g1

-5.2

 8.3

g2

-7.1

 4.7

-8.9

 7.7

-8.8

 8.3

-8.6

 5.4

-7.4

 3.0

-6.6

 4.6

-8.2

 4.2

-5.9

 4.0

-8.1

 3.9

-8.8

 4.7

-9.3

 3.7

-8.7

 3.9

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species



curvemap
inspired by heatmaps

m1
g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g2 / gene2  0.83

m1

-9.3

 4.0

g1

-5.2

 8.3

g2

-7.1

 4.7

-8.9

 7.7

-8.8

 8.3

-8.6

 5.4

-7.4

 3.0

-6.6

 4.6

-8.2

 4.2

-5.9

 4.0

-8.1

 3.9

-8.8

 4.7

-9.3

 3.7

-8.7

 3.9

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species

- columns are genes



curvemap
inspired by heatmaps

m1
g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g2 / gene2  0.83

m1

-9.3

 4.0

g1

-5.2

 8.3

g2

-7.1

 4.7

-8.9

 7.7

-8.8

 8.3

-8.6

 5.4

-7.4

 3.0

-6.6

 4.6

-8.2

 4.2

-5.9

 4.0

-8.1

 3.9

-8.8

 4.7

-9.3

 3.7

-8.7

 3.9

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species

- columns are genes

- overlays to enhance trends



curvemap
inspired by heatmaps

m1
g1
g2

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g2 / gene2  0.83

m1

-9.3

 4.0

g1

-5.2

 8.3

g2

-7.1

 4.7

-8.9

 7.7

-8.8

 8.3

-8.6

 5.4

-7.4

 3.0

-6.6

 4.6

-8.2

 4.2

-5.9

 4.0

-8.1

 3.9

-8.8

 4.7

-9.3

 3.7

-8.7

 3.9

-2.6

 1.6

-7.9

 1.6

-8.0

 1.9

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species

- columns are genes

- overlays to enhance trends



PAPER PROTOTYPES



time series



!"
!#
!$

%&

%&'

(&

%&'()

%)

%**

(*

%&*

%*+

(,

-

.

%$

%&+

/

0

%)

%&+

1&

!*+

%)'

2+3"+ &3++

2+3"+ &3++

!"# !"#"$
4567/6. 68986:8 0;.;68-<;5=/>

%"&'()*+&"$ %"&,+-$
(8/6:5=?@0!65@A&
(8/6:5=?@0!65@A)
(8/6:5=BCC

!$DED!8=8$DD+3')

$%

2*3)

D)3#

$&

2,3*

D,3*

$'

2)3*

DF3"

2)3"

D$3"

2&3*

DF3*

2*3)

D)3)

2&3*

DF3"

2)3,

D*3+

2+3,

D)3,

2)3'

D$3'

2*3)

D#3+

2&3,

D'3"

2*3&

D#3#

2,3*

D"3"

2)3'

D&3'

2&3*

D+3+

2&3&

DF3&

()

(*

(+

(,

(%

(&

('

(-

(.

()/

())

()*

()+

(),

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



CORE

rapid software prototyping

discover design implement deploy



demo



CORE

release & gather feedback “in the wild”

discover design implement deploy



case study

-qualitative research method

- in-depth study of individual or group

-real-world setting

-description and interpretation  
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-comparative genomics

- interviews with two biologists

-validate, analyze, and 
communicate computational 
results



biology concepts
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biology concepts
-compare genomes

-genomes made of chromosomes

-contiguous features (genes) grouped 
into blocks

- similar blocks on different chromosomes 
implies conservation



high level biology questions

low level data-centric questions
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high level biology questions

low level data-centric questions

How long ago did two species share a 
common ancestor?
Which segment of the genome is responsible 
for a specific function in the cell?

evolution: 

function: 

Which chromosomes share conserved blocks?
Are the paired features within a block contiguous?

Are similarity scores alike within a block?

1.
2.
3.
...

14.
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-domain
-comparative genomics

-data
-multiscale

- genome
- chromosome
- block
- feature

-task
- syntenic relationship: features on the same chromosome

- proximity and location
- size
- orientation
- similarity
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VISUAL ENCODING

-color limits
-no info about destination
-<12 distinguishable colors

-connection limits
-visual clutter



TAXONOMY
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TECHNIQUES

-multiple linked views
-overview + detail: 3 levels

-genome: separate-circular, color and connection
- edge-bundling

-chromosome: rectangular, color
- more screenspace for details
- histograms for block stats
- annotations for marking feature positions

-block: connection
- separate + contiguous histograms for feature stats
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CASE STUDY
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photo courtesy of Daniel Berner
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“Honestly, I don't know.  I don't think I would ever have 
gotten here.  The noise was very hard see in the scatter 
plots while [MizBee] is much more unforgiving.”



KEY IDEAS
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-power of linked views for multiscale
-abstraction from domain to generic 
problems

-visual encoding choices according to 
known limitations

-clutter reduction via edge bundles
-two levels of task

-block reliability vs higher level science



Selected Pitfalls 
What to avoid?
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PITFALL
PREMATURE COLLABORATION

reflect writeimplementdiscover design deploylearn winnow castlearn winnow cast

PRECONDITION ANALYSISCORE
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Of course!!!

I’m a domain expert!
Wanna collaborate?
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Have data?
Have time?
Have need?

...

Interesting 
problem?

...

considerations 
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Are you a
 user???

... or maybe a 
fellow tool 

builder?

roles 
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PowerSet Viewer
2 years / 4 researchers

WikeVis
0.5 years / 2 researchers

EXAMPLE FROM THE TRENCHES
Premature Collaboration!
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PowerSet Viewer
2 years / 4 researchers

WikeVis
0.5 years / 2 researchers

EXAMPLE FROM THE TRENCHES
Premature Collaboration!
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PowerSet Viewer
2 years / 4 researchers

WikeVis
0.5 years / 2 researchers

EXAMPLE FROM THE TRENCHES
Premature Collaboration!

- Fellow tool builders 
- Data promised

121
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METAPHOR
Winnowing



COLLABORATOR WINNOWING

initial 
conversation
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(potential collaborators)



COLLABORATOR WINNOWING

initial 
conversation

further
meetings
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COLLABORATOR WINNOWING

initial 
conversation

further
meetings

prototyping
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COLLABORATOR WINNOWING

initial 
conversation

further
meetings

prototyping

full
collaboration
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collaborator



COLLABORATOR WINNOWING

initial 
conversation

further
meetings

prototyping

full
collaboration
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COLLABORATOR WINNOWING

initial 
conversation

further
meetings

prototyping

full
collaboration
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Talk with many, 
stay with few!



reflect writeimplementdiscover design deploylearn winnow castlearn winnow cast

PRECONDITION ANALYSISCORE

PITFALL
PREMATURE DESIGN COMMITMENT
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Of course they need the cool 
technique I built last year!
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METAPHOR
Design Space
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METAPHOR
Design Space

 your technique...
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METAPHOR
Design Space

 know
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METAPHOR
Design Space

 consider
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METAPHOR
Design Space

 consider

 propose
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METAPHOR
Design Space

 consider

 propose

select
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 consider
 propose

METAPHOR
Design Space
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 select

 consider
 propose

Think 
broad! 

METAPHOR
Design Space



PITFALL

reflect writeimplementdiscover design deploylearn winnow castlearn winnow cast

PRECONDITION ANALYSISCORE

PREMATURE PUBLISHING
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I can write a design study 
paper in a week!
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I can write a design study 
paper in a week!

138

“writing is research” 
[Wolcott: Writing up qualitative research, 2009]
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METAPHOR
Horse Race vs. Music Debut

technique-driven problem-driven

Must be first! Am I ready?

http://www.alaineknipes.com/interests/violin_concert.jpg
http://www.prlog.org/10480334-wolverhampton-horse-racing-

live-streaming-wolverhampton-handicap-8-jan-2010.html

http://www.alaineknipes.com/interests/violin_concert.jpg
http://www.prlog.org/10480334-wolverhampton-horse-racing-live-streaming-wolverhampton-handicap-8-jan-2010.html


AutobahnVis 1.0
[Sedlmair et al., Smart Graphics, 2009]
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EXAMPLE FROM THE TRENCHES
Don’t step on your own toes!

First design round 
published

Subsequent work not 
stand-alone paper

AutobahnVis 2.0
[Sedlmair et al., Information Visualization 10(3), 2011]



AutobahnVis 1.0
[Sedlmair et al., Smart Graphics, 2009]
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EXAMPLE FROM THE TRENCHES
Don’t step on your own toes!

First design round 
published

Subsequent work not 
stand-alone paper

AutobahnVis 2.0
[Sedlmair et al., Information Visualization 10(3), 2011]



PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write

Not the 
only way!

FUTURE WORK
A Start, not an End!
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L25: Molecular animation

REQUIRED READING
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