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New Direction: Tapping into Perceptual Potentials 

Architecturalizing Mass Cytometry Data 
•  Constructing User-Speci!c Mental Models 
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113,000	  data	  points:	  
1	  pa/ent	  blood	  sample	  
24	  drugs	  (x	  axis)	  
12	  s/mula/on	  condi/ons	  (z	  axis)	  
12	  cell	  types	  (y	  axis)	  
14	  phospho-‐proteins	  per	  cell	  
(nested	  diagram)	  
2	  drug	  measures	  (circle	  size	  &	  color)	  

1.2B	  data	  points:	  
1	  pa/ent	  blood	  sample	  
24	  drugs	  
2M	  cells	  per	  drug	  
25	  phospho-‐proteins	  per	  cell	  

reduced	  and	  visualized	  as	  

Mass Cytometry Data on 
Biological Systems is Large, 
Hyper-Dimensional, and 
Complex 

Cover	  of	  Nature	  Biotech,	  Sept	  2012.	  



Extended Information Context 



Behbehani,	  Cytometry,	  2012	  

900	  
biaxial	  plots	  

900	  
histograms	  

www.cytobank.org	  

30	  
SPADE	  trees	  
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Median of CD3.Cd111.Dd

−0.13 3.66

Range: 0.02 to 0.98 pctile

For	  a	  single	  pa/ent	  and	  single	  experimental	  condi/on…	  
(assuming	  30	  cell	  types	  and	  30	  proteins	  measured)	  

`	  

increasing	  scale	  of	  data	  context	  

Current Visualizations Do Not Suffice for Data Exploration 



Bodenmiller,	  et	  al.	  	  Nature	  Biotech.	  Sept	  2012.	  

The	  diagram	  
provides	  a	  layer	  of	  
organiza(on	  to	  view	  
more	  data,	  and	  
embeds	  contextual	  
informaCon	  to	  ease	  
interpretaCon.	  

Nested Organizations Visualize Data Across Scales 



Example of a conceptual diagram for organizing signaling data on 
single phospho-proteins – a “signaling network,” so to speak 

Erica Savig and Bernd Bodenmiller 

Contextual Mental Models Support Our Memory of Data 



A conceptual diagram for organizing immune cell types. 
Erica Savig and Gabi Fragiadakis 

Contextual Mental Models Support Our Memory of Data 



A conceptual diagram for 
organizing signaling proteins 

Erica Savig and Gabi Fragiadakis 

Nesting Contextual Organizations Supports Synthesis of Data Across Scales 



Flagelin	  sCmulaCon	  of	  peripheral	  blood	  mononuclear	  cells_	  
the	  difference	  in	  protein	  levels	  between	  the	  sCmulaCon	  state	  of	  single	  cells	  and	  the	  basal/unsCmulated	  	  state	  of	  the	  median	  per	  cell	  type.	  
Erica	  Savig,	  Elena	  Hsu	  and	  Bill	  O’Gormon	  

Each	  colored	  dot	  represents	  a	  
single	  cell.	  The	  collecCon	  of	  dots	  
represent	  measurements	  for	  a	  
parCcular	  protein.	  

Mental Maps and Nesting Improve Data Exploration 



Using Natural Forms and Qualitative Features to Offer Substantive 
Representations for Offloading Existing and New Knowledge  

New Direction: Tapping into Perceptual Potentials 



Component 
and Behavior 
for Protein 1 

Component 
and Behavior 
for Protein 2 

Component 
and Behavior 
for Protein 3 

Parametric Modeling Quantitatively Maps Single Cell Protein 
Levels to Individual Qualitative Components 



Designing Qualitative Multi-Scalar Data Architectures 

Example of 5 different “cell types” 
with different combinations of  
“protein responses” for 3 different 
proteins. 

Considerations To Be Addressed: 
•  Selecting Appropriate Representations Per Protein 
•  Maintaining Contextual Organization at Various Scales 
•  Maintaining Data Structure within Architectural Relationships 
•  Bottom-Up Emergent Representations Across Scales 
•  Total Synthesis 
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Early Modern Historical 
Data is Heterogeneous, 
Multi-dimensional, and 
Incomplete 

Joseph	  Priestley’s	  Chart	  of	  Biography,	  1765	  

We	  are	  aVemp/ng	  to	  understand	  
the	  intellectual	  communi/es	  that	  
made	  up	  the	  “Republic	  of	  LeVers”	  
through	  case	  studies	  spanning	  
three	  centuries,	  based	  on	  

hundreds	  of	  thousands	  of	  
documents	  	  
(mostly	  leVers)	  

and	  biographical	  data	  on	  	  
tens	  of	  thousands	  of	  

individuals.	  



The Information Context: Biographical + Correspondence  



Flight	  PaVern	  Maps	   Network	  Graphs	  Timelines	  

`	  

Current Visualizations Do Not Accommodate 
Incomplete and Imprecise Data 



Spatial-Temporal-Relational Dynamics  

Voltaire	  -‐	  Ink	  

Correspondence	  data	  for	  Voltaire	  from	  1730-‐1770	  

85%	  of	  Data	  is	  Not	  PloVed	  Due	  to	  Missing	  Informa/on	  



Interactivity with User-De!ned Attributes 

Swiss-‐Genevan	  correspondence	  in	  orange,	  aQer	  Voltaire’s	  move	  to	  Geneva	  

User-‐Defined	  AVributes	  
+	  

Interac/vity	  with	  
Parallel	  Visualiza/ons	  

Help	  with	  Mul/-‐Dimensional	  
Data	  Explora/on	  



User-De!ned Schema for Categorization by Social Group 

Correspondence	  with	  rulers	  consistent	  throughout	  period	   Correspondence	  with	  publishers	  increases	  in	  later	  years	  



Spatial-Temporal-Relational Dynamics  

We	  think	  in	  terms	  of	  possible	  networks,	  loosely	  defined	  
based	  on	  affilia/on,	  shared	  loca/on,	  or	  other	  non-‐
explicit	  types	  of	  rela/onship.	  



Freedom to Construct Our Own Organizational Scheme is  
Part of the Knowledge Production Process 

Dan’s	  network	  



New Direction: Building Schema Directly, Contextually, Through the Visual Interface 
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