
If you would like to participate in live polls today… 
open the camera app on your phone, scan the QR 
code, or type PollEV.com/prediction, to get ready.

Meanwhile, a thank you to glue’s sponsors…

http://PollEV.com/prediction






Discovery Through Data Diversity: 
Exploratory Data Visualization 

with glue

Alyssa A. Goodman, Harvard-Smithsonian Center for Astrophysics, 
Radcliffe Institute for Advanced Study, and glue solutions, inc.



PhilosophyPracticality Principles

Diverse data Diverse viewsDiverse tools



Practicality



glue
glue

multidimensional data exploration

video by Tom Robitaille, lead glue developer 

Linked Views of High-dimensional Data (in Python)

glue created by: C. Beaumont,  M. Borkin, M. Breddels, T. Robitaille, C. Zucker, and A. Goodman, PI 
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Linked Views of High-dimensional Data

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

John Tukey

http://adsabs.harvard.edu/abs/2012AN....333..505G
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“High-dimensional” or “Multivariate” Data  
(Astronomy=Biology)

Goodman et al. Nature, 2009 Elde et al. Nature, 2008
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Goodman et al. Nature, 2009 Elde et al. Nature, 2008



 

mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

Diverse high-D Data



AstronomicalMedicine@

3D Viz made with VolView



TODAY
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glue
multidimensional data exploration

video by Chris Beaumont, glue developer 

glue
“Dimension” doesn’t always mean x, y, or z…

glue created by: C. Beaumont,  M. Borkin, M. Breddels, T. Robitaille, C. Zucker, and A. Goodman, PI 
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“Dimension” isn’t even always spatial…

Spectral Line Observations

The “3rd” dimension in this 
3D plot is “velocity” coming 
from Doppler Spectroscopy.



glue
multidimensional data exploration

“Dimension” isn’t even always spatial…

Spectral Line Observations

The “3rd” dimension in this 
3D plot is “velocity” coming 
from Doppler Spectroscopy.

“Perseus” Progress Preview 



1D: Columns = “Spectrum”,“Time Series,” “Sequence” 
2D: Faces or Slices = “Images,” “Arrays” 
3D: Volumes = “3D Renderings”, “2D Movies” 
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

 

“Data, Dimensions, Display”

Principles
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Diverse tools

[live demo of glue + WorldWide Telescope plug-in, using Radcliffe Wave data]

http://tinyurl.com/radwave


“Your” world



accepted for publication at eLife (Mickelsen, Flynn, … Robson, 
Jackson) ‘Cellular taxonomy and spatial organization of the 
murine ventral posterior hypothalamus’ doi: 10.7554/eLife.58901

Single-Cell Sequencing & Cell View

https://www.biorxiv.org/content/10.1101/2020.05.14.096818v1




https://genome.ucsc.edu/cgi-bin/hgTracks?db=macEug2&lastVirtModeType=default&lastVirtModeExtraState=&virtModeType=default&virtMode=0&nonVirtPosition=&position=GL095587:25998-40635&hgsid=912941291_tnxo2Uh7QXAMZVo3ZkbuV5yQK43w


Figure 2. Visualization of scRNA-
seq datasets using different 
methods 

Each data point represents a cell. 
Different cell types are indicated in 
different colors and shapes. All datasets 
were run by PCA, t-SNE, ZIFA, SIMLR, 
and VASC respectively. Cell type 
information was retrieved from original 
studies. Shown in the figures are 
clustering output from the 
Goolam [22] (A), Biase [18] (B), 
Yan [30] (C), Pollen [27] (D), 
Kolodziejczyk [24] (E), and 
Baron_human-1 [17] (F) datasets. 
Visualization of other datasets is 
provided in the Section 4 of File S1. 
PCA, principal components analysis; t-
SNE, t-distributed stochastic neighbor 
embedding; ZIFA, zero-inflated factor 
analysis; SIMLR, single-cell 
interpretation via multiple kernel 
learning. 

https://www.sciencedirect.com/science/article/pii/S167202291830439X#s0160
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0110
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0090
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0150
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0135
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0120
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0085
https://www.sciencedirect.com/science/article/pii/S167202291830439X#s0160


Figure 2. Visualization of scRNA-
seq datasets using different 
methods 

Each data point represents a cell. 
Different cell types are indicated in 
different colors and shapes. All datasets 
were run by PCA, t-SNE, ZIFA, SIMLR, 
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information was retrieved from original 
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provided in the Section 4 of File S1. 
PCA, principal components analysis; t-
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The “Baron” dataset contains a large number of cells from human and mouse 
pancreas. Totally, there are 4 human donors with 1937, 1724, 3605, and 1303 
cells, and 2 mice with 822 and 1064 cells, respectively

https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0110
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0090
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0150
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0135
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0120
https://www.sciencedirect.com/science/article/pii/S167202291830439X#b0085
https://www.sciencedirect.com/science/article/pii/S167202291830439X#s0160


The “Baron” dataset contains a large number of cells from human and mouse 
pancreas. Totally, there are 4 human donors with 1937, 1724, 3605, and 1303 
cells, and 2 mice with 822 and 1064 cells, respectively

Tiny symbols show types of cells, color helps differentiate, as some symbol shapes are repeated. 
(Symbol size not meaningful?)

10QViz.org

http://10QViz.org
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My world & yours… 

Philosophy
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Phenomenon Observation Data Rule Theory Explanation Prediction

AG & Immaculata De Vivo

http://path-to.org
https://www.labxchange.org/library/items/lb:HarvardX:0498fd0e:lx_simulation:1
https://theomnishow.omnigroup.com/episode/how-harvard-professor-alyssa-goodman-uses-omnigraffle


predictionx.org

http://predictionx.org


Phenomenon Observation* Data Rule Theory Explanation Prediction

Correct

*or, Experiment*

The “Padua” Rainbow 



Phenomenon Observation Data Rule Prediction
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  “machine learning”

Phenomenon Observation Data Rule Theory Explanation Prediction

Phenomenon Observation Data Prediction

20th century

21st century?

The FUTURE of the Future 
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The FUTURE of publishing 

Philosophy
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2008 2009 2012 2015

2018 2020 2020+

“Perseus” Progress 

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/3D_Cloud_Topologies/perseus_topology/perseus.html


The very near future 



PERSEUS IN ACTUAL 3D
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predictionx.org

glueviz.org gluesolutions.io 

10QViz.org

http://predictionx.org
http://glueviz.org
http://gluesolutions.io
http://10QViz.org

