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Beyond the Demo: Building Visualization ~ UNIVERSITY

Research Software That Lasts

i

visualization TU
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Graz University of Technology



Impact beyond our community

On users / domain experts

WHY DO WE CARE ABOUT
BUILDING VISUALIZATION
SOFTWARE?

On science problems (health, climate,
ohysics, biology...)

A platform for conducting research

Infrastructure others can build on

WHY NOT JUST WRITE
PAPERS AND PROTOTYPES?

Evidence that ideas work outside
the paper

Prototypes prove possibility; systems
reveal consequences




VIS RESEARCH SOFTWARE
1S ESSENTIAL FOR
FROM OUR
COMMUNITY 10




MY STORY OF FAILURES AND SUCCESSES

Developing Vis Research Software for > 15 years

~100 papers, most based on software prototypes

5 Vis Projects: 2 Failures and 3 Successes
What did they do?
Why did they succeed/faill

:: datavisyn uUpSet %If: (Z)




CALEYD(

Genomics Data Visualization
2008-2014

RIP

Marc Streit, Nils Gehlenborg, Sam Gratzl, Dieter Schmalstieg, Christian Partl, et al.



irst published VIS project
o-developed with Marc Streit

oal: Genomics data visualization

CALEYD(

Gene expression, copy number data,
pathways, etc.
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Visualizing Cancer Subtypes - StratomeX (3rd best paper @ EuroVis 2012)

Nature Methods Paper

Shared elements: 85
55.19% of left group (154 in total)
34.41% of right group (247 in total)
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Visualizing Experimental data on Pathways - enRoute (Best paper @ BioVis 2012)



AMBITION: OPEN SOURCE SOFTWARE

Engineering Mindset: Not only prototypes, but also

useful tool!

Work on non-research parts:
ata iImporters
ocumentation

ave / export, etc.

0 Data Import Wizard

Load Dataset

Specify the dataset you want to load.

o

=

Input File

Dataset Configuration

‘Open Data File | | data/genome/microarray/sample/HCC_sample_dataset_462

Choose Dataset Type: @ Homogeneous () Inhomogeneous

Row Configuration

Row Type |GENE

" lNew’

Row Identifier

[REFSEQ_MRNA

Number of Header Rows 1 =

Column with Row IDs 1

Separated by (delimiter)

" lNew’ ‘Define Parsing

@ TAB (O); (), @©). @) SPACE ©) Other
Transpose | 1 2

1  RefSegID  Cim01

2 ~ NM_000065 126.97 225.83 91.23
3 © NM_017460 73.97 184.71 108.59
4 © NM_001159 41.27 111.13 40.32
5 ~ NM_005651 251.55 251.14 123.86
6 © NM_001733 267.7 444,89 201.83
7 ~ NM_005518 156.75 417.25 261.16
8 © NM_002591 219,51 291.0 212.34
9 ~ NM_000892 31.01 40.92 29.25
10 © NM_001920 423.84 219.42 539.59
11 ~ NM_003641 164.17 88.25 156.39
12 © NM_004166 59.48 66.91 68.4

13 ~ NM_001078 38.48 4927 62.07
14 ~ NM_000507 201.58 236.7 326.91
15 ~ NM_006169 324.9 509.46 209.69

<« | I |

Dataset Name

CALEYDO ‘A’

Sample Dataset

Column Configuration

Inhomogeneous datasets have a different meaning for every column and do not need to be of the same data type or identifier. For example, you could load a
table where in one column contains the sex of patients while the next column contains their age.
In homogeneous datasets every column is of the same type and has the same bounds. For example, in a file with normalized gene expression data all columns
are of the same type and have the same bounds. This is also true for categorical data where the cateogries are global across all columns.

Column Type |SAMPLE

‘NewJ

Column Identifier ‘ SAMPLE

Row with ColumnIDs 1

146.22
36.22
84.87

156.96

405.69

26041

139.02
20.81

363.77
38.06
83.55
40.34
129.8

342.68

14312
52.03
111.32
167.85
317.54
52943
759.57
68.44
222.5
55.57
72.95
23.84
596.58
710.13

72.38
107.73
49.1
86.47
259.27
137.97
120.42
20.6
575.2
67.24
158.06
67.32
33.65
51.83

‘NewJ ‘ Define Parsing

Column Selection

‘ Select All ’ ‘ Select None ’

8 -

3 4 5 6 7 -
. Gm02  Cm03  Cim04  Cm05  Cm06  Cim07  H3BC

154.76 0.
105.95 0.
81.1 0.
190.88 0.
255.74 0.
237.76 14
8043 12!
35.78 0.
238.98 1C
36.97 1.
53.96 3.
90.04 8.
1491 0.
485.54 120 ~

'
Rows: 4631 Columns: 40

Cancel




WHAI HAPPENED?




Discontinued 2014

Aging Tech Stack (Java, OpenGL)
Not on the web - thanks D3 ;)
Lack of Adoption

Failed to break into target community

ULTIMAIELY: FAILURE

as a software tool

No sustained funding

Core developers “aging out”




Turns out GUI tools are CRAZY HARD

Interaction complexity:
Hard to builo

Hard to test

ULTIMAIELY: FAILURE

as a software tool

Hard to maintain
Only few widely used open examples

Cytoscape, Paraview, ...




Overall, still a huge success!

~16 Research Papers

InfoVis Best Paper, EuroVis 3rd Best
Paper, BioVis Best Paper, Gl Best

WHAT WE GOT
OUT OF IT

Student Paper
Graduated > 5 PhD Students

Launched 2 Faculty Careers

Lots of learning about SE




LINEUP / DATAVISYN

From Research to

Commercialization rr
Since 2013

Marc Streit, Nils Gehlenborg, Sam Gratzl, Dominc Girardi, Michael Puhringer, Holger Stitz, et al.



LINEUP

4 Customized Combination \
0% N 16 00% 10.5% 0N 29555
Ra School Name Country  Academic reputatl Facull Arts & Hum Infema Intemat SWWorld University Ranki
F e Fiter SOW(N
e o e 0 Il o Ml
1. Harvard Uneversity Unded States
2. Yale University Uned States 1
3. Massachusetts Institute of Technology (MIT) Unied States [ , |
4. Princeton Universdy Undod States %00 W0INI 1I86 T \\.\
5. Universdy of Chicago Undod States | | =
6. University of Calfornia, Berkeley (UCB) Unded States ] |
7. Calfornia Institute of Technology (Caltech)  Unded States ' ] | |
8 Stanford University Unded States R |
8 Columbia Universady Unded States _ )
10. Universty of Pennsyivania Unded States _
11, Comell University Unted States [ 1
12, Universdy of Mchgan Unded States ! 1 -
13 Johns Mopking University Unded States ] 1
14. New York University (NYU) Unted States [ | I |
15 Duke University Unded States |
16.  Universadty of Wisconsin-Madison Unded States ! _
17. Universdty of Caldornia, Los Angeles (UCLA) Unied States Y 1 '
18 Northwestern Unwersty Unded States |
19.  Universdty of Inois at Urbana-Champaign  Unied States [ |
20. Brown University Undod States [ 1
21, Purdue Universdty Unded States | _
22.  University of Texas at Austin Unded States I —
23 Boston Universtty Unded States [ l | | .
24 Georgia Institte of Technology Unded States | |
25 Universaty of North Carolna, Chapel Hil Unded States [ _ /
26, Ohio State University Unted States [ | :
27.  Universdty of Pittsburgh Unded States L1 { /)
28. Universdty of Washington Untod States | ] _
20, University of Calfornia, San Diego (UCSD)  Unied States , ] 1 ,
30. University of Calfornia, Davis Unded States ' |
3. University of Rochester Unded States ' | |
3. Washingion University in St. Louis Unded States | |
1. Rce Universty Unded States ' 1 _
3. University of Southern Calornia Undod States 1
35 Pennsylvana State Ureversity Undod States [ ‘ 1
3. University of Caldornia, Santa Barbara (UCS United States , l 1 Y24
37, University of Maryland, College Park Undod States 1 |
38, Universdty of Minnesota Unded States | _
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Multi-attribute weighted ranking
Best Paper at InfoVis 2013




LINEUP

view implemented in Java

Sam Gratzl ported to web

Started out as a Caleydo support

Avoiding technological obsolescence

A Group Rank S AIDS_Countries
v O
v 1 Low human () Lesotho
2 () Swazdand
3 ) Zimbabwe
4 () Malaw
5 U Mozambique
6 () Uganca
7 o Central Afncan Republic
8 & Chad
8 () Cote d'lvoiure
10 () Dypbouti
1Y ) South Sudan
12 () Togo
13 (J United Republic of
14 () Angola
15 () Benin
16 () Burkina Faso
17 () Burund
18 (U Democratic Republic of
19 () Entrea
20 ) Gambdsa
21 UJ Guinea
22 ) Lbdena
23 () Madagascar
24 () Mal
25 ) Mauntania
26 () Niger
27 () Rwanda
28 () Senegal
29 () Sierra Leone
30 () Somalia
31 () Sudan
32 () Nigeria
» | 1 Low human 33 () Afghanistan, Yemen
| development r 4
» | 1 Low human 35 () Ham
| development ¢ 35
» | 1 Low human 36 () Papua New Guinea
| development ¢ 36
» | 2 Medium 37 () South Africa, Botswana,
human a7 Namibia, Zambaa,

Continent

L —

Africa
Africa
Africa
Afnca
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Afnca
Africa
Africa
Africa
Africa
Africa
Africa
Africa
Africa
Afnica
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Human devel
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AIDS related deaths per 1000 ppl by Decades

1990s

2000s

2010s

Discriminator.

Unknown
Low

Low

Low
Slight
Slight
Shght
Unknown
Medum
Unknown
Unknown
Medwum
Slight
Medwum
Medwum

Urban Pop (%)

i~

f

~

N
»
o

Predommnant -

Slight
Medum
Unknown
Medum
High
Medum
Unknown
Medum
Unknown

Predommant

Low
Medum
Medwum
Unknown
Unknown
Medwum

U Overview

Add Column

I &% Human devel. index g -

! . | e —
1 Low human . 2 Medwum hu.. 3 High human . 4 Very high hu

Filter out 0 remaining messing value rows

2 % Continent | g

—
Afrca AS13 Europe NorthA. Oceana South A
Fiiter out O remaining Messing value rnows
3 111 2000s g -
Stratify by -
4 | AIDS_Countries g -
contairng
RegExp

Fiiter out rows CONtainiNg Missng values

5 # Ppl knowing they have HIV (%, . 1. [ O

Filter ot 57 rema NG MISSING vaiue rows

6 55 1990s ! @ o
Stratify by s
7 % Discriminatory attitude scale 2B 8§ -
High aw Medium Predom Shight  Unknown



BASIS OF ORDINO — RANKING TOOL FOR PHARMA WORKFLOWS

:: Ordino & elegant_lamport © Temporary Session 1
(1) Genes  Expression C
General , : : :
Data Source  CellLine v DataSubtype TPM . Filter: ~  Showing 1013 of 1013 Cell Lines
Database Info
Rank S Symbol Relative Copy Number ... Sample Overview Rank S Name Tumor Type Weighted Sum AA Mutated of TP53  AA Mutation of TP53  boxplot Relative ... 3 2 2 Q Q =
Copy Number : ) ,
O l_ ERBB2 GRB7 STARD3 Add Column.. |
0.00 025 Expression | |
1 & ERBB2 [ - 1 T Name @ - -
2 & GRB7 \ Mutation O 'R A LT 1192 5908 52 1| 00 258929 !80 2956.03 -lﬁ B
3 O MIENT _ containing... ‘
4 O PGAP3 1] Combined View 1 O HCC1954 B breast carcinoma B Mutated p.Y163C — ~ [ JRegExp
5 O PNMT ] | 2 O OE19 B esophagus carcin... B Mutated p.N310fs;p.N310fs*27 | Filter out rows containing missing values
g g ?TAEW ‘ OncoPrint 3 O UACC-893 B breast carcinoma B Mutated p.R342* F——-7
ch E— | . —
= Vieusliation g 8 zg:::;;g F breast carcinoma B Mutated p.74_76del:p.A74P:p.A.. I 2 & Tumor Type 128 @ -
[ ] gastric carcinoma B Mutated p.R248Q —H
9 O NEUROD2 ] Co-Expression 6 O EFM-192A Bl breast carcinoma B Mutated p.F270fs —
10 O PPPIRIB [ ] 7 O Calu-3 NSCLC B Mutated 0.M237] ] EI
11 O CDK12 ] Expression vs. Copy Number 8 O ZR-75-30 B breast carcinoma 2 Non Mutated wt I u L I L= .
12 O ZPBP2 1 9 (O KYSE-410 B esophagus carcin... B Mutated p.R337C —A
13 O GSDMB 1 External Resources 10 O AU565 Bl breast carcinoma B Mutated p.R175H Hi “IFilter out 49 remaining missing value rows
14 O FAM21B [ 11 O UACC-812 B breast carcinoma " Non Mutated wt — ' .
15 O ORMDL3 [ 1 canSAR 12 (O HCC202 B breast carcinoma B Mutated p.284_284del —H 3 # ERBB2 ls B @
16 O GSDMA [ ] 13 O TE4 B esophagus carcin... B Mutated p.G245C R
17 O LRRC3C ] Ensembl 14 (O HCC2218 B breast carcinoma B Mutated p.R283C i
18 O MED1 ] . 15 O BT474 B breast carcinoma B Mutated p.?:p.E285K —
19 O DOK5 [ ] Human Protein Atlas 16 O NCI-H2170 NSCLC B Mutated 0.R1586G ! | 192 5908.52
20 O FBXL20 ] 17 O SK-BR-3 B breast carcinoma B Mutated p.R175H —
21 O USP32 ] Open Targets 18 O SK-0V-3 ovarian carcinoma || RN B Mutated p.P89fs:p.A88fs:p.S90.. _JFilter out 81 remaining missing value rows
22 O APPBP2 [ 19 (O HCC1569 B breast carcinoma | B Mutated p.S227fs;p.E294* [ O 4 # GRB7 =R
23 O ARLSC 1 PubMed 20 O MKN7 W gastric carcinoma | N B Mutated p.P278S —H
24 () BCASI 1 | 21 O MDA-MB-361 B breast carcinoma [N B Mutated p.E56* —
25 O Ci7orf64 1 UniProt 22 (O OE33 B esophagus carcin.. [l B Mutated p.C135Y Hil
26 O CA4 1 23 O JIMT BB breast carcinoma | B Mutated p.R248W —
27 O CACNBI I 24 O TEN Il B Mutated p.R342* ot ‘ #8920
28 O CSF3 [ 25 (O MFE-280 W uterus carcinoma |l B Mutated p.? = Filter out 81 remaining missing value rows
29 O CYP24A1 [ 1 26 (O DU4475 B breast carcinoma | ™ Non Mutated wt | =R
30 O EIF3H [ 27 O SNU-216 W gastric carcinoma i B Mutated p.V216M —H o S i
31 O EXT1 [ 28 (O COLO-678 B colon carcinoma | = Non Mutated wt H
32 O HEATR6 1 29 O MDA-MB-453 B breast carcinoma || 2 Non Mutated wt |
33 O HLA-DRB5 1 30 O NUGC-4 W gastric carcinoma = Non Mutated wt ] -
34 O HOXB13 [ 31 O RMG- ovarian carcinoma i = Non Mutated wt HH 1.8 2956.03
35 O HOXB6 1 32 (O SNU-C2A B colon carcinoma | B Mutated p.R273C | Filter out 81 remaining missing value rows
36 O HOXB7 [ 33 O BICR 31 HNSCC Il B Mutated 0.173_174del H—— -
37 O HOXB8 [ 34 O NCI-H2066 B scLec [ B Mutated D.V157F H 6 &% AA Mutated of TP53 Iz 8 @ -
38 O HOXB9 1 35 O EC-G-10 Il B Mutated D.Y234C;p.R273L H
39 O LCE3C [ ] 36 O TE-6 B esophagus carcin... || B Mutated p.R248Q HEH
40 O MED24 [ 37 O BT-483 B breast carcinoma | B Mutated p.M246| | ‘
41 O MYC ] 38 O NCI-H1781 NSCLC Il B Mutated D.V157F | Mutated Non Mutated Unknown
42 O PFDN4 [ ] 39 (J COLO 201 B colon carcinoma | B Mutated p.Y103F
43 O PLXDC1 [ 40 O Caov-4 ovarian carcinoma | B Mutated p.V147D | @Filter out 0 remaining missing value rows
44 O PRACI [ 1 41 (O OVISE ovarian carcinoma || Unknown | 7 T AA Mutation of TP53 |2 @ o«
45 O PSMD3 [ ] 42 (J Capan-l B pancreas carcino... | B Mutated p.A159V H
46 (O RNFTI _ 43 (O HCC2935 NSCLC ||| . Mutated p.Y220C | 'contaumng ‘
47 M RPI19 1 AA M Craean Bl teannt anvainama n ___V AR ~ 111090 u v

[Streit et al, Bioinformatics, 2019]



COMMERCIALIZATION

Marc collaborated with Pharma Industry

Realized that maintaining vis tools academically was
unsustainable

Can’t just assign bugs to PhD students!

Students have to do research

Tensions between SE and research
[Akbaba et al., Troubling Collaboration: Matters of Care for Visualization Design Study, CHI 2023]



datavisyn

FOunded il‘l 201 6 aS a univerSity Spil‘l-OUt (Marc, Sam, Nils, me)

Data visualization solutions for pharmaceutical and
biomedical applications

Started as a project-based business

Using LineUp as the basis of many projects



datavisyn

LineUp still in

production though code
eing phased out

Ordino

Datasets

Analysis sessions

rdino is key
product

Data table
Aggr.. Rank Selec.. Gene
O

1 ERBB2 -
2 ORMDL3
3 STARD3
4 MIEN1
5 O GRBY
6 [ PGAP3
7 O GSDMB
8 O IcApP
9 [OJ PPPIR1I
10 O GSDMA
11 O PNMT
12 0 IKZF3
13 [OJ LRRC3C
14 (O NEUROD
15 O  ZPBP2
16 0 CEP/2
17 O IPPP
18 (O CLPTMI1
19 0O IRIP13
20 0 BRD9
21 O SLCI12A;
22 0O IERT
23 (O NKD2
24 0 ABRA
25 O SLC6A3
26 [  SLC6A1C
27 [O  SLC6A1E
28 0 CDK12
29 0 ZDHHCI1
30 O OXR1
31 O EIE3H
32 [ RAD21
33 0O C5orf38
34 0 MED30
35 ) UTP23
36 O IRX2
37 M AARD ~

Campaigns

You selected 4 Genes in the previous
workbench.

Expression

Normalized gene expression (TPM
values)

Raw counts

Copy number

Relative copy number
Total absolute copy number

Copy number class

Mutation

AA mutated
AA mutation
DNA mutated
DNA mutation
Zygosity

Datatable BB

Aggr...

Name

Calu-3
HCC1954
UACC-893
AU565
EFM-192A
ZR-75-30
UACC-812
SUM190PT
BT-474
KYSE-410
OE33
SK-BR-3
SUM-102PT
HCC1569
HCC1419
MKN7
TE-4
JIMT1
OCUB-M
HCC1008
HCC202
NCI-H1693
NCI-N87
TEN
NCI-H1563
VMRC-LCP
NCI-H2170

MDA-MB-361

TE-6

OE19
PL45
SNU-216
HCC2218
EM-2
NCI-H1915

RICD 14

Tumor type

H.h.ul_l]m T I ~.n.n_.u_.lu_. - Jll_ ,,,,, . Jll_

0.00 14.00 0.00

B nscLe

Breast carc...
Breast carc...
Breast carc...
Breast carc...
Breast carc...
Breast carc...
Breast carc...
Breast carc...
Esophaqus...
Esophaqus...
Breast carc...
Breast carc...
Breast carc...
Breast carc...
M Gastric car..

. Esophaqus...
Breast carc...

Breast carc...
Breast carc...
Breast carc...

B nsciLe

. Gastric car...
. Uterus carc...

B nscie
B nscLe
B nscie

Breast carc...

. Esophaqus...

. Esophaqus...
 Pancreasc...

M Gastric car...
Breast carc...
Hematopoi...

B nscie

LINIC M

1,698 Cell lines

Organ

. Lung

. Breast
. Breast
. Breast
. Breast
. Breast
. Breast
. Breast
. Breast

Esophaqus
Esophaqus

. Breast
. Breast
. Breast
. Breast

B stomach
Esophaqus

B stomach

. Uterus
. Lung
. Lung
. Lung
. Breast

Esophagus

Esophagus
 Pancreas
B stomach

. Breast

Bone marr...

. Lung

MNral Aavitu

Gender

Female Male

B Male

. Female
. Female
. Female
. Female
. Female
. Female
. Female
. Female
B Male

. Female
. Female
. Female
. Female

. Female
B Male

. Female

. Female

. Female

. Female

. Female

. Male

. Female

. Male
. Male

. Female
B Male

. Female
. Female
. Female

. Female
- Aala

*¥) Untitled session

ERBB2 (33.3%) + ORMDL3 (33.3%) + STARD3 (3...

ERBB2 ORMDL3

AAAAAA .

14.00 0.00 14.00

STARD3

o

MIEN1

Total absolute co...

-

00 14.00

datavisyn @ :




Very successful business

//10 biggest pharma co are customers

Team ot ~40
DATAVISYN

o
R
Gad




Team: Dominic Girardi (CEO), Michael Puehringer
(CTO), Marc Streit (long-time CEO and CSO) top

REASONS FUR engineers (Holger Stitz) and other founders

Early stakeholders willing to invest in tools

SUCCESS

Focus on the biomedical domain
(also in hiring)

Synergies between projects and products

Resources unthinkable in academic
context

Doing GUIs realistic (PM, designer, QA)

Continuous re-engineering to keep on the
cutting edge




LineUp is still open source

datavisyn products are now proprietary

OPEN VS CLUSED (but free for academic use)
Sl (i3 Mixing open and closed didn’t work

oroblem not organizational or business
put technical:

hard to separate proprietary from open parts

Recommendation:
Choose between open or closed




A vehicle to translate research ideas
into software

HOW A COMPANY CAN and thereby have real impact
BRIDGE THE GAP Benefit to Community:

Free for academic use

Employer for VIS PhD Graduates
Downside

You can’t build on datavisyn tools



UPSEI

The ldea Transcends All

Nils Gehlenborg, Hendrik Strobelt, Romain Vuillemot, Hanspeter Pfister, Jake Conway, et al.



THE PROBLEM

Oryza sativa Arabidopsis thaliana
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UpSet - Visualizing Intersecting Sets Choose Dataset Load Data About UpSet UpSet for R
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https://upset.multinet.app/



UPSET

The canonical way to show set data with > 3 sets

Second-most cited VIS paper of the last decade
Test of Time Award in 2024

TITLE CITED BY YEAR
UpSetR: An R Package For The Visualization Of Intersecting Sets And Their Properties 3715 2017
JR Conway, A Lex, N Gehlenborg
Bioinformatics 33 (18), 2938-2940
UpSet: Visualization of Intersecting Sets 2648 2014

A Lex, N Gehlenborg, H Strobelt, R Vuillemot, H Pfister
IEEE Transactions on Visualization and Computer Graphics 20 (12), 1983-1992



BUT WHY?

It solved a real and pressing need (vis for >3 sets)

But: Success NOT due to original software

Built R-version (UpSetR) - that met users in their
ecosystem

opl don't like yet another tool,
put appreciate a library in their

environment




BUT WHY?

Fventually: ldea Transcends Software

JJ/upset.a

Available in various languages:
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http://upset.app/

REASONS FOR simple idea that can be used in
JI[E WL many cases

Adopting to the environments of
potential users




UpSet was never funded!

UpSet wouldn’t make a

REFLECTIONS good business

Some projects are good for
commercialization, others are better
as open tools or just ideas




MULTINEI

Having Money doesn’t make a
Success

RIP

Miriah Meyer, Jack Wilburn, Jen Rogers, Derya Akbaba, Kitware, et al.



By 2019

plenty of experience in running
software projects

BACKGROUND

had done a lot of research on
multivariate networks

gota $ 2 mio grant from the NSF to
develop MultiNet:

an open, web-based vis tool for MVNs

Set up for success?

, Money, Team




Platform to upload network data

Visualize as Node Link and
Adjacency Matrix

WHAT WORKS
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multinet.app




rofessionalized academic software
evelopment

ENGINEERING dedicated software engineer (Jack
G \Wilburn

partnered with Kitware

ood software stack / build process!

= O multinet-app / multimatrix Q Type (/] to search 8 - &~ +~~ O 1 B E
Code Issues 25 Pull requests 3 Agents Discussions Actions Projects Wiki Security and quality 69 Insights Settings
(1) multimatrix Public < Edit Pins + & Watch 2~ % Fork 0 v vy Star 1

¥ main ~ ¥ 7Branches O 0 Tags Q Gotofile T SRR SEN <> Code ~ About

A adjacency matrix visualization

m JakeWags Add google analytics 4 js snippet f2cdaa7 - 3 years ago @ 1,707 Commits to work with the multinet ecosys
9 .
"B .github/workflows Use the generalized linting workflow from the or... 5 years ago ¢ multinet.app
data-visualizati data-visualisati
@ public Remove vue-cli, add vite, update some deps, ad... 4 years ago ararvistaiization ararvisuatisaty
adjacency-matrix multinet
BB src Make tooltip work with scroll 3 years ago
0 Readme
[ .env.default Remove vue-cli, add vite, update some deps, ad... 4 years ago 58 Apache-2.0 license
[ .eslintignore Update configuration for girder4 5 years ago A Activity
(£] Custom properties
[ .eslintrc.js Make lineup work with the global sort 3 years ago
vy 1star
[ .gitignore Update .gitignore 6 years ago & 2 watching
% 0 forks
[ LICENSE inital commit 7 years ago
&0 Audit log
[ README.md Update readme 5 years ago

Report repository



Science team wasn’t excited about
publishing papers about network

AU visualization

L)Y Turnover of students: prietly on the
"W B Project then graduating

Published impactful meta-papers

No paper that describes a




Diverse set of collaborators

tensions between working on their

BUT: NO ADOPTION
L\ general purpose tool

needs and our ambitions for creating a

7Jyl Diversity of users made
outreach hard

which conference would you presente
at? Bio? Social Science?

Issues with developing GUI tools...




UpSet 2 Implementation based on

Multinet (1000s ot uploaded datasets)

CHI and 2 VIS Papers

MULTINET SUCCESSES [

Upset — Visualizing Intersecting Sets »
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The teams’ heart has to be in it!
You can’t force students to be excited
about a topic

TAKEAWAY

Pl if it
doesn’t align with academic

objectives (aka papers)

Figure out how to talk to potential
users (we didn't here)




REVISIT

Eating our own Dogfood

Lane Harrison, Andrew McNutt, Zach Cutler, Yiren Ding, Tingying He, Jay Kim,
Abhraneel Sarma, Hilson Shresta, Jack Wilburn, et al.



WHAT IS REVISIT: INFRASTRUCTURE FOR VIS STUDIES

Set up studies with all components (consent, training, trials,
tasks, surveys, etc.) including sophisticated study designs

(randomization)

Simple data tracking and data export
Simple to deploy and run studies

FU”y reproducible and OPEeN. You can share your whole study setup for

anyone to re-run, without having to have a license for software (qualtrics).



reVISit DSL - Study Specification Stimuli: Components & Libraries

Now you &0 designing pattern for eggplant

Consent Forms
IRB Consent Form L

HOW DOES

lcon Style
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HILIE
REVISIT SHOULD BE TO QUALTRICS
WHAT R 1S T0 SPSS!



Funded by large NSF infrastructure
Grant (2 mio)

Focuses on our own community:

PARAMETERS

scratching our own itch
access to stakeholders
know how to drive adoption

Mix of academics and
professional software engineers




Focus on library / DSL
easier to build & maintain

some GUI, but trying to keep it

APPROACH

1/2

minimal

Academic and SE goals are aligned

Major features -> academic papers




Hard to find time for dev / PMing for
academics

Retreats: gather whole team in one
APPROACH place for 4-5 days to hack

Tyl Now open to community!

Outreach is major focus

17 Community activities (tutorials,
hackathons)

Steering committee

Tutorial tomorrow afternoon!




Studies Using reVISit

Many people have afready gotten started using reVISit in their data visualzation research. Check aut all the different ways peaple are using reVISa
to produce novel research. It's already been used in 12 published studies. If you've used reVIS as part of your research, we strangly encourage you

to fill out ! ef . Once we verify your wark, your research will be added to the list of papers using reVISit below.

Guardrail Selection in Line Charts to Contextualize Persuasive Visualizations
Khandaker Abrar Nadib, Marina Kogan, Alexander Lex, Maxim Lisnic. Computer Graphics Forum (EuroVis), 2026
This study examines guardral selection in line charts to provide cantext for persuasive visualizations.

A s 0\
See ReVISit Study See the paper : Code (£ Uses ReViSit v

Evaluating Encodings for Bivariate Edges in Adjacency Matrices
o u r o m m u n I y Jorge Acosta-Hernandez, Alexander Lex, Tingying He. Computer Graphics Forum (EuraVis), DO 10 48550 /arxiv. 260414797,
c 2026

This paper evaluates visual encodings for representing bivarate edge attnbutes in adocency matrices.

See ReVISit Study See the paper Uses ReVISit v

Eye of the Beholder: Towards Measuring Visualization Complexity

Johannes Ellemose, Niklas ElImqgvist. |[EEE Transactions on Visualization and Computer Graphics (VIS), DOI
D1109/TVCG.2025.3634789, 2026

We repart on a crowdsourced study to callect human ratings of perceived complexity for diverse visualzations usng ReVISit. Using these ratings as

ground truth, we then evaluated three methods to estimate this perceived complexity: image analysis metrics, muftinear regression wsing manually

I I coded visualization featwes, and automated feature extraction using a large language mode( (LLM).

See the paper : Code (1 Uses ReVISi v1.0.0
Tell Me Without Telling Me: Two-Way Prediction of Visualization Literacy and Visual
Attention

Minsuk Chang, Yao Wang, Huichen Will Wang, Yuanhong Zhou, Andreas Bulling, Cindy Xiong Bearfield. IEEE Transactions on
Visualization and Computer Graphics (VIS), DO 10.1109/TVCG 20252624815, 2026
Baszed on data from a 225-participant user study covering three vsualization tests (mni-VLAT, CALV], and SGL), we show that distinct attention

patterns in visual data exploration can correlate with participants' Meracy levels: While experts (high-scarers) generally show a strong attentional

focus, novices (low-scorers) focus less and explore more.

See the paper de [ Uses ReVISit v1.0.0

ReVISit 2: A Full Experiment Life Cycle User Study Framework
Zach Cutler, Jack Wilburn, Hilson Shrestha, Yiren Ding, Brian Bollen, Khandaker Abrar Nadib, Tingying He, Andrew McNutt,

Lane Harrison, Alexander Lex. IEEE Transactions on Visualization and Computer Graphics (VIS), DO
10.1109/TVCG.2025.36323896, 2026

To demanstrate the capabiity of reVIS# 2.0 we run thvee replication studies on just noticeable difference (perception), the role of search

(nteraction), and designing textures (provenance).

Exploring “"Just Noticeable” Group Fairness in Rankings

Mallak Alkhathlan, Hilson Shrestha, Lane Harrison, Elke Rundensteiner. AAAIJACM Conference on Al, Ethics, and Society
‘ (AIES), DOI: 10.1609/aies v8i1.36532, 2025
This paper exploves the alignment of people's perceptions with faimess metrics through the use of a two-alternative farced-choice methaodology,
compared to prior methods that used ordinal rating scales such as Likert scales
‘  Code [ Uses ReViSi v1.0.0

See the paper

Grid Labeling: Crowdsourcing Task-Specific Importance from Visualizations

Minsuk Chang, Yao Wang, Huichen Will Wang, Andreas Bulling, Cindy Xiong Bearfield. Computer Graphics Forum (EuroVis),
DOI: 10.48550/arXiv.2502.13902, 2025

We introduce Gnd Labeling - a novel annotation method for colecting task-specific importance data to enhance saliency prediction models. We
conducted a human subject study comparning Grid Labeling with existing annotation methods, impartAnnots, and BubbleView across mutiple

metrics.

See ReVISit Study See the paper : Code ([ Uses ReVISit v1.0.0

Investigating the Task Load of Investigating the Task Load in Visualization Studies
Daniel Pahr, Sara Di Bartolomeo. alt.vis workshop at |[EEE VIS, 2025

This paper conducts an onlne survey to investigate the task load of administening different versions of the NASA-TLX in a meta-study.

rev I s I t . d ev See the paper s Code [ Uses ReViSit v2.1.1

Accessible Text Descriptions for UpSet Plots

Andrew McNutt, Maggie McCracken, Ishrat Jahan Eliza, Daniel Hajas, Jake Wagoner, Nate Lanza, Jack Wilburn, Sara Cream-
Regehr, Alexander Lex. Computer Graphics Forum (EuroVis), DO 10.1170/cgf 70102, 2025

This paper presents a system for automatically genevating accessibie text descrptions for UpSet plods, aiming to make complex set data

visualizations understandabie far blind and low-vision users and potentially benefiting sighted users as well

A ses 2\
See ReViSit Study See the paper » Cede (£ Uses ReVIS2 v1.0.0

Crowdsourced Think-Aloud Studies

Zach Cutler, Lane Harrison, Carolina Nobre, Alexander Lex. ACM SIGCHI Conference on Human Factors in Computing
Systems (CHI), DOI: 10.1145/3706598.3714305, 2025

We ran two studies with revisit. The first study showed participants a few interactive charts and had them answer questions about the data, and the

secand showed participants static visualizations with associated captions and asked them i they trusted the data

A ... __  Code (7 Uses ReVISit v1.0.0



LESSONS LEARNED

RIP




What we expect:

Academic P|

Funding / Administration

MY ROLE

But also:

Product Manager

UI/UX Supervisor

Quality Assurance Specialist
cngineering Manager

Customer Engagement Specialist

Technical Documentation Specialist




KILL YOUR DARLINGS!

Letting go of projects is hard but necessary

Did it several times - Caleydo, Multinet,
but also prototypey projects | hoped would become software

Prototypes != vis tools

investing too much effort in a “design study” style project might
be wasted effort

pe explicit about the goals, to your students, collaborators, and
yourselt!



GUIS ARE HARD

Lots of development effort

They age badly

Few successful examples

Best chance: commercial development



LIBRARIES & DSLS ARE BETTER

More realistic scope

Have broader utility
can be re-used / integratea

Can be more easily kept up to date

Even when aging, parts can remain relevant

E.g. D3 scales



WHO'S DOING THE WORK?

Incentives for students, collaboration partners, and
faculty misaligned

Students should focus on shorter term successes (papers)
Collaborators want an analysis result

Faculty want longer term impact, but often can’t do the
work themselves



SUSTAINABILITY

A real challenge!
Continuous funding is hard

Maintenance for libraries more realistic on the side

Commercialization as an option

but not for everyone or each project



SIAFF

My approach: user professional software engineers

3-4 on team for last 5 years

Addresses the incentives problem

Worsens the resources problem



Academic Software Development is Hard,
but Worth It

Best way to have “global” impact beyond
the academy

CONCLUSION

D3, Tableau, Vega, datavisyn, UpSet ..

Both open and commercial
approaches are viable

Sustainability of open projects as major
challenge

Need of better support by (EU) tunding
agencies
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