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Preface

EuroVis 2019, the 21th Eurographics / IEEE VGTC Conference on Visualization, was held in Porto, Portugal, on
June 3-7, 2019. The proceedings are published as a special issue of the Eurographics Computer Graphics Forum
journal. The conference, which started in 1990 as the Eurographics Workshop on Visualization in Scientific Com-
puting and was called VisSym after 1999, has been known as EuroVis since 2005. EuroVis attracts contributions that
broadly cover the field of visualization. Topics include visualization techniques for spatial data, such as volumet-
ric, tensor, and vector field datasets, and for non-spatial data, such as graphs, text, and high-dimensional datasets.
EuroVis also covers the theory of visualization, hardware acceleration, large datasets, perception, interaction, user
studies, information visualization, visual analytics, and many application areas of visualization.

After the submission deadline in early December 2018, 189 manuscripts were reviewed in a two-stage process that
resulted in 59 accepted papers and an acceptance rate of 31.2%. During the first review cycle, each paper was
reviewed by at least four reviewers. The 77 primary and secondary reviewers were members of the International
Program Committee (IPC) and each selected at least one additional tertiary reviewer from outside the IPC. The IPC
meanwhile represents the global visualization community quite well, including members from Australia, Brazil,
Asia, US, and Europe. The IPC at EuroVis is a rather dynamic committee with regular rotations after a three-year
period. The review process was double-blind for tertiary reviewers: only the members of the IPC and the chairs knew
the identity of the authors. A great effort was made to identify and prevent conflicts of interest at all levels, and all
reviewers were asked to read and agree to the IEEE Visualization and Graphics Technical Committee (VGTC) ethics
guidelines. After all the reviews were completed, the primary reviewer led an online discussion among all reviewers
and was responsible for writing a summary review and recommendation. These discussions were lively, significantly
helping to find a consensus. During the discussion phase, the reviews were also made available to the authors,
who had the opportunity to write a response to the papers chairs. Both exchange formats, discussions and review
response, were lively used and significantly helped to find a consensus. Based on the reviewers’ recommendations,
the individual reviews, the online discussions, the authors’ review response, and after a thorough deliberation by
the paper chairs, 59 papers were conditionally accepted. Three additional papers were invited for a fast-track review
process to Computer Graphics Forum for possible publication in a future issue. In the second review cycle, the
revised papers were again carefully reviewed by the primary reviewers, and due to the significant improvements 58
papers were finally accepted for publication. One paper opted for a major revision. We helped to shape the reviews
to be as constructive as possible to also provide the authors of rejected papers with substantial feedback for their
further research.

We are thankful to everybody who helped to make the event possible. We thank the IPC members for their careful
and timely work in all stages of the reviewing process and the tertiary reviewers for providing in-depth assessments
of the submissions. We thank our invited speakers Paul A. Navrátil and Jeffrey Heer. We thank the chairs of the short
paper track, Jimmy Johansson, Filip Sadlo, G. Elisabeta Marai, the chairs of the STARs, Robert S. Laramee, Steffen
Oeltze, Michael Sedlmair, and the chairs of the Posters track, João Madeiras Pereira, Renata Raidou, for their great
efforts in their corresponding tracks that make EuroVis such a successful conference. We also thank all the chairs of
the co-located workshops, and Stefanie Behnke, who has been very helpful throughout all the process of publication
of this journal. We also would like to thank the authors of all submitted papers and all conference attendees.

Finally, a special thanks goes to Alfredo Ferreira, Joaquim A. Jorge, António Coelho, Luís Paulo Santos for the
entire organization of EuroVis 2019.
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Michael Stonebraker

529

Designing Animated Transitions to Convey Aggregate Operations
Younghoon Kim, Michael Correll, and Jeffrey Heer

541

Hybrid Touch/Tangible Spatial 3D Data Selection
Lonni Besançon, Mickael Sereno, Lingyun Yu, Mehdi Ammi, and Tobias Isenberg

553

Focus+Context Exploration of Hierarchical Embeddings
Thomas Höllt, Anna Vilanova, Nicola Pezzotti, Boudewijn P. F. Lelieveldt, and Helwig Hauser

569

Geospatial and Social Data
Route-Aware Edge Bundling for Visualizing Origin-Destination Trails in Urban Traffic
Wei Zeng, Qiaomu Shen, Yuzhe Jiang, and Alexandru Telea

581

Bird’s-Eye - Large-Scale Visual Analytics of City Dynamics using Social Location Data
Robert Krueger, Qi Han, Nikolay Ivanov, Sanae Mahtal, Dennis Thom, Hanspeter Pfister, and
Thomas Ertl

595

Topic Tomographies (TopTom): a Visual Approach to Distill Information From Media Streams
Beatrice Gobbo, Duilio Balsamo, Michele Mauri, Paolo Bajardi, André Panisson, and Paolo
Ciuccarelli

609

Segmentifier: Interactive Refinement of Clickstream Data
Kimberly Dextras-Romagnino and Tamara Munzner

623

Interaction Techniques
Augmenting Tactile 3D Data Navigation With Pressure Sensing
Xiyao Wang, Lonni Besançon, Mehdi Ammi, and Tobias Isenberg

635

InsideInsights: Integrating Data-Driven Reporting in Collaborative Visual Analytics
Andreas Mathisen, Tom Horak, Clemens Nylandsted Klokmose, Kaj Grønbæk, and Niklas
Elmqvist

649

Investigating the Manual View Specification and Visualization by Demonstration Paradigms
for Visualization Construction
Bahador Saket and Alex Endert

663

Linking and Layout: Exploring the Integration of Text and Visualization in Storytelling
Qiyu Zhi, Alvitta Ottley, and Ronald Metoyer

675

Capture & Analysis of Active Reading Behaviors for Interactive Articles on the Web
Matthew Conlen, Alex Kale, and Jeffrey Heer

687

Graphs and Networks
netflower: Dynamic Network Visualization for Data Journalists
Christina Stoiber, Alexander Rind, Florian Grassinger, Robert Gutounig, Eva Goldgruber,
Michael Sedlmair, Štefan Emrich, and Wolfgang Aigner

699

Efficient Optimal Overlap Removal: Algorithms and Experiments
Wouter Meulemans

713



Eurographics Conference on Visualization (EuroVis) 2019
M. Gleicher, H. Leitte, and I. Viola
(Guest Editors)

Volume 38 (2019), Number 3

TABLE OF CONTENTS

A Stable Graph Layout Algorithm for Processes
Robin J. P. Mennens, Roeland Scheepens, and Michel A. Westenberg

725

A Random Sampling O(n) Force-calculation Algorithm for Graph Layouts
Robert Gove

739



Eurographics Conference on Visualization (EuroVis) 2019
M. Gleicher, H. Leitte, and I. Viola
(Guest Editors)

Volume 38 (2019), Number 3

Author Index

Abbas, Mostafa M. . . . . . . . . . .225
Abramov, David . . . . . . . . . . . . 491
Agus, Marco . . . . . . . . . . . . 53, 427
Aigner, Wolfgang . . . . . . . . . . . 699
Al-Awami, Ali K. . . . . . . . . . . . 427
Al-maneea, Hayder Mahdi . . . . 79
Ammi, Mehdi . . . . . . . . . . 553, 635
Amstutz, Jefferson . . . . . . . . . . 455
Angelini, Marco . . . . . . . . . . . . 237
Arleo, Alessio . . . . . . . . . . . . . . 107
Artanegara, Cassia . . . . . . . . . . 491
Aupetit, Michaël . . . . . . . . . . . . 225
Bajardi, Paolo . . . . . . . . . . . . . . 609
Baker, Allison H. . . . . . . . . . . . 517
Ballester-Ripoll, Rafael . . . . . .119
Balsamo, Duilio . . . . . . . . . . . . 609
Battle, Leilani . . . . . . . . . .145, 529
Beenhouwer, Jan De . . . . . . . . 273
Bensmail, Halima . . . . . . . . . . . 225
Bernard, Jürgen . . . . . . . . . . . . . 401
Besançon, Lonni . . . . . . . 553, 635
Bors, Christian . . . . . . . . . . . . . 401
Böttinger, Michael . . . . . . . . . . 505
Brownlee, Carson . . . . . . . . . . . 455
Buchmüller, Juri . . . . . . . . . . . . 237
Burchett, Joseph N. . . . . . . . . . 491
Butcher, Peter W. S. . . . . . . . . . . 79
Buttinger-Kreuzhuber, A. . . . . . 25
Byška, Jan . . . . . . . . . . . . . . . . . 441
Caballero, Humberto S. G. . . . . . 1
Calì, Corrado . . . . . . . . . . . . . . . 427
Cashman, Dylan . . . . . . . . . . . . 185
Chang, Remco . . . . . . . . . 185, 529
Chang, Youli . . . . . . . . . . . . . . . 201
Chen, Min . . . . . . . . . . . . . . . . . 131
Cho, Isaac . . . . . . . . . . . . . . . . . 161
Choi, Jinho . . . . . . . . . . . . . . . . . 249
Choo, Jaegul . . . . . . . . . . . . . . . 249
Ciuccarelli, Paolo . . . . . . . . . . . 609
Conlen, Matthew . . . . . . . . . . . 687
Cornel, Daniel . . . . . . . . . . . . . . . 25
Correll, Michael . . . . . . . . . . . . 541
Creem-Regehr, Sarah H. . . . . . 363

Cui, Weiwei . . . . . . . . . . . . . . . . 213
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Invited Talk: Keynote

Let Me Tell You a Story: Enabling Effective and Scalable Communication of
Scientific Insights

Paul A. Navrátil

Abstract

From time before history, humans have used imagery to shape ideas and communicate important concepts to their
communities. Visualization harnesses this fundamental mode through transforming raw data into images that present
actionable insights and discoveries to advance human understanding. Yet, even as techniques in scivis, infovis, and
vis analytics progress, the effective application of these techniques to solve analysis problems remains very much
an art plied by specialized visualization experts who understand both the tools and how to best wield them. As
our data sources multiply, and the commensurate need for analysis of those data expand, relying solely on vis
experts will not scale. The visualization community will need to provide simple, reliable, and expressive tools
so that domain scientists can generate high-quality visualizations sooner in their discovery pipelines, challenging
visualization experts to expand the state of the art in translating research to practice. This talk will present challenges
to this vision and potential transformative solutions in the context of work at the Texas Advanced Computing Center
and peer institutions world-wide.

Short Biography

Dr. Paul A. Navrátil is a Research Scientist and Director of Visualization at the Texas Advanced Computing Cen-
ter (TACC) at the University of Texas at Austin. He is an expert in high-performance visualization technologies,
accelerator-based computing and advanced rendering techniques. His research seeks to improve analytic capacity
and insight communication across scientific workflows, including efficient algorithms for large-scale parallel visu-
alization and data analysis (VDA) and innovative design for immersive VDA systems. Dr. Navrátil’s recent work
includes algorithms for large-scale distributed-memory ray tracing, including the GraviT and Galaxy ray tracing
frameworks, which enable photo-realistic rendering of the largest datasets produced on supercomputers today. His
team provisions TACC’s two visualization labs and the remote visual analytic environments on TACC’s advanced
computing systems, including the US NSF leadership-class systems Stampede2 and Frontera. Dr. Navrátil’s work
has been featured in numerous venues, both nationally and internationally, including the New York Times, Dis-
cover, and PBS News Hour. He holds BS, MS and Ph.D. degrees in Computer Science and a BA degree in Plan II
Interdisciplinary Honors from the University of Texas at Austin.
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Invited Talk: Capstone

Visualization is Not Enough

Jeffrey Heer

Abstract

We are witnessing both increased application and public skepticism of data-driven methods for decision making
and automation. Within this regime, data visualization — as a technology — seems well-poised to provide valuable
insight and oversight. Though arguably a *necessary* component in the appropriate use of data, visualization by
itself is far from *sufficient*. Data visualization — as a community of practice — sits at the confluence of many
“source” disciplines, including cartography, computer science, graphic design, psychology, and statistics. The prac-
tice of principled interdisciplinary thinking is perhaps our greatest asset, suggesting avenues for our community to
have outsized, beneficial impact in the world. In this talk I will consider the obvious yet potentially contrarian view
that *visualization is not enough* — and why this realization is liberating for both research and practice. I will
point to vanguards and future prospects in “visualization” research that I believe exemplify real-world relevance
and require rich intellectual integration: accessibility, interactive visualization systems, reasoning under uncertainty,
and interactions with machine learning models. One guiding heuristic we might consider is the degree to which
we not only benefit from, but successfully contribute back to, the adjacent disciplines that fuel our endeavors. Our
community is uniquely positioned to contribute to issues of critical importance to society. Let’s consider how we
should rise to the challenge!

Short Biography

Jeffrey Heer is a Professor of Computer Science & Engineering at the University of Washington, where he directs
the Interactive Data Lab and conducts research on data visualization, human-computer interaction and social com-
puting. The visualization tools developed by Jeff and his collaborators (Vega, D3.js, Protovis, Prefuse) are used
by researchers, companies, and data enthusiasts around the world. Jeff’s research papers have received awards at
the premier venues in Human-Computer Interaction and Visualization (ACM CHI, UIST, CSCW, IEEE InfoVis,
VAST, EuroVis). Honors include MIT Technology Review’s TR35 (2009), a Sloan Fellowship (2012), an Allen
Distinguished Investigator Award (2014), a Moore Foundation Data-Driven Discovery Investigator Award (2014),
the ACM Grace Murray Hopper Award (2016), and the IEEE Visualization Technical Achievement Award (2017).
Jeff received B.S., M.S., and Ph.D. degrees in Computer Science from UC Berkeley, whom he then “betrayed” to
join the Stanford faculty (2009–2013). He is also a co-founder of Trifacta, a provider of interactive tools for scalable
data transformation.


