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Figure 5. Pressure at points P1, P3, P6 and P8

Figure 6. Toilet mesh and detail

Figure 7. Different time steps during the flushing of a toilet

undisturbed free surface to the bottom of the domain is L
and the height of the initial air region is 0.22L. The lateral
extent of the domain is 2L in the symmetric case and 4L
in the non symmetric one. The velocity is prescribed at the
inlet, lateral, bottom and top walls. At the outlet the velocity
is left free and the normal traction is prescribed as described
in Section 2. Reichardt’s wall law [25] is applied on the ship
hull. The turbulent variables k and ω are prescribed so that
the turbulence intensity is 0.0005 and the ratio between the
turbulent and laminar viscosities is 10.0 at the inlet. On the
ship hull the wall law is again used to apply the boundary
conditions for the the turbulence variables. On the remaining
boundaries the boundary condition for the turbulent variables
corresponds to a zero normal gradient. Finally, the Level Set
function is only prescribed at the inlet. When a symmetric

Figure 3. Experimental dam break results at times 0.32s, 0.64s, 0.96s and

2.08s

s) can be observed for the moment the return wave hits the

box again at about 5.0 s. This delay has also been observed

in the first author’s thesis [22] using a different free surface

model presented in [6], [7].

B. Flushing of a toilet

The second example presents the flushing of a toilet

using a complex real geometry with different lengths; from

approximately 3mm for the discharge orifices to approxi-

mately 400mm for the size of the whole toilet. In order

to treat such geometry an unstructured mesh with 748044

nodes and 3104902
tetrahedral, pyramidal and prism ele-

ments is used. It is shown in Figure 6. In order to simplify

the simulation for the moment slip boundary conditions have

been applied at the walls. A constant inflow velocity is

applied at the inlet so that the flushing time corresponds to a

realistic situation. Figure 7 shows several snapshots during

the flushing process. The results show good qualitative

comparison with the actual process. Initially only a small

portion of the initial prat of the inlet tube is filled with

water. When the simulation starts the water starts moving

through the internal upper part of the toilet until it reaches

the discharge orifices where it comes out as a jet. Finally it

collides with the toilet walls to form a thin film of water.

Figure 4. Dam break results at times 0.32s, 0.64s, 0.96s and 2.08s using

the divided mesh

C. DTMB 5512

In order to benchmark our numerical results the flow

around the bare hull David Taylor Model Basin (DTMB)

model 5512, a 1:46.6 model scale of a modern surface

combatant, is used. It has been tested in the towing tanks

at DTMB, IIHR (Iowa) [18] and INSEAN (Italy) [20].

It has a sonar dome, which provides additional geometric

complexity. The DTMB 5512 model is L = 3.048 m long

with 0.132 m draft. Results at Re = 4.85 × 106 and

Fr = 0.28 will be shown.

Three different finite element meshes have been used.

The first one, that we shall call Mesh A, is formed by

8 Melements and 1.5 Mnodes. The second one, Mesh B, is a

slightly improved version of the previous one that takes into

account symmetry and therefore simulates only half of the

whole domain. It is formed by 5 Melements. Finally Mesh

C is obtained by dividing mesh B into elements with half

the size arriving to a total of 40 Melements. This has been

done automatically using the strategy presented in [13]. All

three meshes are formed mainly by tetrahedra and include

an anisotropic layer of prisms close to the hull. Mesh B is

shown in Figure 8 . It is refined close to the ship hull and

close to z = 0, the region where the free surface is found.

As we have said, the other two meshes are quite similar.

The computational domain extends L = 3.048 m ahead

of the ship hull and 2L behind. The distance from the
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No muestres 
los datos,
muestra 

la verdad.
          Moritz Stefaner
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collection to include visualizations that contained clear sequences of
narrative events, a diversity of visualization genres (e.g., flow charts,
slide shows), and a range of interaction strategies (e.g., filtering, time-
lines). Using these criteria, we sampled from our initial larger pool of
examples to arrive at the resulting 58 items featured in Fig. 7. How-
ever, we do not claim that our sample is exhaustive, as we did not
canvas other potential sources such as video games or e-learning tools.

The table uses dark blue and a plus-sign (+) to indicate the pres-
ence of a particular feature; light blue and a minus-sign (-) indicate
that an example does not use that feature. In some cases a cell is col-
ored grey to indicate that a design feature is precluded by the medium
rather rather than omitted by explicit design choices. For instance, we
did not analyze visualizations on printed paper with respect to inter-
action or animation. That said, some workarounds to medium limita-
tions are possible: comics can use a multi-panel series of increasing
close-ups to convey the same effect as camera zoom [20], and static
visualizations might employ a choose-your-own-adventure format to
allow viewers to determine their own path through the content.

We arrived at our categories after much iterative organization (e.g.,
affinity diagramming [1]) of individual design features. We attempted
to be consistent in our evaluation of each example. As our categories
evolved, we reconsidered previous examples, re-categorizing as ap-
propriate. We acknowledge there is some inevitable subjectivity when
imposing a taxonomy over a diverse set of designs.

4.1 Design Space Dimensions
Our organization of the design space contains three divisions of fea-
tures: (1) genre, (2) visual narrative tactics, and (3) narrative structure
tactics. The first division identifies the genre of each visualization, a
taxonomy of visual narrative types described later in section 4.3.

The second division identifies visual narrative tactics: visual de-
vices that assist and facilitate the narrative. This division is subdi-
vided into three sections: (i) visual structuring, (ii) highlighting, and
(iii) transition guidance. Visual structuring refers to mechanisms that
communicate the overall structure of the narrative to the viewer and
allow him to identify his position within the larger organization of the
visualization. These design strategies help orient the viewer early on
(establishing shot, checklist, consistent visual platform) and allow the
viewer to track his progress through the visualization (progress bar,
timeline slider). Highlighting refers to visual mechanisms that help
direct the viewer’s attention to particular elements in the display. This
can be achieved through the use of color, motion, framing, size, au-
dio, and more, which augment the salience of an element relative to its
surroundings. Many of these strategies are also used in film, art, and
comics. Transition guidance concerns techniques for moving within
or between visual scenes without disorienting the viewer. A common
technique from film is continuity editing, though other strategies (e.g.,
animated transitions, object continuity, camera motion) also exist.

The third division identifies narrative structure tactics used by each
visualization, or non-visual mechanisms that assist and facilitate the
narrative. This division is further divided into three sections: (i) order-
ing, (ii) interactivity, and (iii) messaging. Ordering refers to the ways
of arranging the path viewers take through the visualization. Some-
times this path is prescribed by the author (linear), sometimes there is
no path suggested at all (random access), and other times the user must
select a path among multiple alternatives (user-directed). Interactivity
refers to the different ways a user can manipulate the visualization (fil-
tering, selecting, searching, navigating), and also how the user learns
those methods (explicit instruction, tacit tutorial, initial configuration).
Finally, messaging refers to the ways a visualization communicates
observations and commentary to the viewer. This might be achieved
through short text fields (labels, captions, headlines, annotations) or
more substantial descriptions (articles, introductions, summaries).

4.2 Design Space Observations
Three important patterns stand out from the data: (1) the clustering of
different ordering structures, (2) the consistency of interaction design,
and (3) the under-utilization of narrative messaging.

Fig. 8. Genres of Narrative Visualization.

The first pattern can be observed by the clusters of dark blue in
the ordering section, suggesting clear differences between how visu-
alizations guide the viewer through their content (Figure 7(1)). These
clusters correspond to narrative formats such as slide shows, comic
strips, annotated graphs, and others. We use these ordering types to
identify distinct genres of visual narratives in Section 4.3.

The second pattern highlights the consistency in interaction design
choices made by visualizations. Across the examples, we see the same
interactive techniques being used (Figure 7(2)): hover highlighting
and details-on-demand, limited interactivity, explicit instruction for
interactive functionality, and navigation buttons when the visualiza-
tion contains more than one frame (e.g., slideshows). The table also
shows the consistent under-utilization of “tacit tutorials” and “stimu-
lating default views” (Figure 7(3)). Tacit tutorials introduce a visual-
ization’s interactive functionality by animating the interactive compo-
nents along with the presentation to make it clear how to manipulate
the display. As a result, the user becomes familiar with the interac-
tive capabilities of the visualization without requiring explicit instruc-
tions. Stimulating default views provide initial presentations of data
and analysis intended to excite the user, a device analogous to jour-
nalistic leads. These views can then be used as jumping off points for
further exploration. Both these techniques can be seamlessly incor-
porated into the visualization’s design while simultaneously engaging
the user in the interactive functionality.

The third pattern shows the under-utilization of common narrative
messaging techniques such as repetition of key points, introductory
texts, and final summaries and syntheses (Figure 7(4)). In particu-
lar, the data shows that interactive graphs do not include sufficient
commentary for narrative purposes, with little use of repetition, multi-
messaging (i.e., text, images, and audio working together), or anno-
tations to emphasize key observations from the data. Note that nar-
rative messaging techniques are more frequently used in Slideshows
and Videos, as these genres put more effort into communicating the
narrative intended by the author. This may explain why qualitatively
these visualizations feel more like “stories” and less like data tools.

4.3 Genres of Narrative Visualization
We found that our examples can be characterized by the 7 basic genres
shown in Figure 8: magazine style, annotated chart, partitioned poster,
flow chart, comic strip, slide show, and film/video/animation. These
genres vary primarily in terms of (a) the number of frames—distinct
visual scenes, multiplexed in time and/or space—that each contains,
and (b) the ordering of their visual elements. For example, an image
embedded in a page of text (“magazine style”) has only a single frame,
while a comic may have many frames. A multi-view visualization
(“partitioned poster”) may suggest only a loose order to its images,
while a comic strip tends to follow a strict linear path.

These genres are not mutually exclusive: they can function like
building blocks, combining to produce more complex visual genres.
The Barry Bonds visualization (§3.1) is part Partitioned Poster and
part Flow Chart, presenting multiple images simultaneously while us-
ing Flow Chart tactics to suggest a path to the viewer. Both the Bud-
get Forecast (§3.2) and the Gapminder (§3.4) examples use Annotated
Graphs but within a Slide Show format.

Though each of these genres can be used to tell a story, we note
that different genres work better for different story types. Choosing
the appropriate genre depends on a variety of factors, including the
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Fig. 1. Steroids Or Not, the Pursuit is On. New York Times.

Sized prominently and placed in the upper left corner of the page, the
image of Bonds grabs the eye and points the viewer towards the title,
establishing the topic for the rest of the graphic. A legend consisting of
photos and text introduce Hank Aaron and Babe Ruth, previous home
run leaders whose careers provide points of comparison for Bonds’
career. A line-chart of accumulated home runs shows the three hitters’
careers in alignment, with Bonds’ home runs accelerating at a time
when the other hitters slow down. A shaded annotation notes that the
acceleration coincides with the first reports of steroid use in Bonds’
14th season, accompanied by a second annotation just two years later
when Bond takes the lead over Ruth and Aaron. The shaded path then
flows to a similarly-colored inset to the right containing a comparison
of each player’s home run pace after age 34, emphasizing the suspi-
cious acceleration in Bonds’ hitting so late in his career.

The viewer may then move to other sections. On the right, the eye
is invited by a large image of a swinging Alex Rodriguez and a bold
caption noting “Others Taking Aim.” Here we see the other current
players who are chasing the career home run record. The bottom sec-
tion (“Differing Paths to the Top of the Charts”), devoid of color and
consisting of smaller plots, is given minimum visual priority but com-
pletes the story. Small multiples show the home runs per season for
top players on the career home run list, each captioned by a factoid.

The visualization resembles a poster one might see at a science fair,
with the space subdivided into smaller sections, each telling its own
sub-story with charts, pictures, and text. The three sections are linked
together graphically through the use of color, shape, and text. For ex-
ample, the largest section introduces the hitters according to their order
on the career home run list: Hank Aaron (black line), Babe Ruth (green
line), and Barry Bonds (red line). Subtly matching on content, the in-
set in this section maintains this same scheme, presenting the players
in the same order with their associated colors. This allows the viewer
to immediately discern the reference to the larger image. The sec-
tion below also begins in the same order (Aaron, Ruth, Bonds) before
proceeding to the other players. This order not only carries informa-
tional content (i.e., who has the most home runs) but also prevents the
viewer from having to reorient while switching between sections. Fi-
nally, the section to the right charts the performance of current players
over a shadow of the initial chart, a shape we immediately identify as
belonging to Aaron, Ruth, and Bonds.

While these elements provide seamless transitions between sec-
tions, they do not dictate the order in which the viewer explores the
visualization. Rather, a path is accomplished through the use of visual
highlighting (color, size, boldness) and connecting elements such as
arrows and shaded trails. When looking at the visualization, the viewer
begins with the largest image, in part because of its size, central posi-
tioning, and coloring, but also because it is capped with a large head-
line and a picture of Bonds himself telling the viewer where to look.

Fig. 2. Budget Forecasts, Compared With Reality. New York Times.

3.2 Budget Forecasts, Compared With Reality
When deteriorating economic conditions forced a downward revision
in the 2010 White House budget forecast, the New York Times pub-
lished this visualization [A53] to explore the accuracy of past budgets’
predictions. A large headline is followed by a brief prompt introduc-
ing the visualization. Below are two panels side by side. The left
panel contains another bold headline accompanied by a short para-
graph of text, while the right panel contains a line chart showing bud-
get surpluses and deficits between 1980-2020, with the estimates dis-
tinguished from actual data using annotations and coloring. Just above
these panels is a progress bar indicating the length of the visualization
and providing the user with a mechanism to navigate between slides.

As the user steps through the presentation, the visualization main-
tains a consistent visual platform, changing only the content within
each panel while leaving the general layout of the visual elements in-
tact. Each new slide alters the text in the left panel, while updating the
chart in the right panel with animated transitions. A narrative is com-
municated clearly through the interaction of the text in the left panel
with the annotations and graphic elements in the right panel, each en-
riching the narrative through multi-messaging, providing related but
different information [20]. In this way, the presentation guides the
viewer through historical budget forecasts, explaining patterns in the
data (80% of deficit forecasts have been too optimistic) and highlight-
ing key events (surpluses under Clinton were generated in part by
a stock market bubble). Users can discover additional statistics by
mousing-over the chart, revealing details-on-demand with the years
and estimates of past forecasts. Halfway through the presentation, a
timeline slider appears above the dates on the horizontal axis, with the
slider position updating along with the chart above. Text on the fifth
slide explicitly encourages the user to interact with this slider to iso-
late forecasts for a single year. The presentation ends with the current
budget forecasts for 2012, letting the user see how these predictions
change under different economic assumptions.

At its core, this visualization is a typical slide-show presentation
augmented by two important features. First, it allows the user to de-
termine the pace of the presentation by using the provided progress
bar. And second, it allows the user to interact with the presentation by
mousing-over areas of interest and by using the slider to explore dif-
ferent time windows. We call this structure an interactive slideshow
that uses single-frame interactivity, meaning that interaction manip-
ulates items within a single-frame without taking the user to new visual
scenes. These devices encourage the user to explore the data within the
structure of an overarching narrative. The narrative functions in two
ways, both communicating key observations from the data, as well
as cleverly providing a tacit tutorial of the available interactions by
animating each component along with the presentation. By the time
the presentation encourages the user to investigate budget forecasts for
specific years, it is already clear to the user how to do this.

This presentation style can be compared to a narrative pattern called
the martini glass structure [4], following a tight narrative path early
on (the stem of the glass) and then opening up later for free explo-
ration (the body of the glass). Different features of the visualization
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        en years ago, Science and the National Science Foundation (NSF) launched a 
   unique experiment: an international competition to recognize the best examples of 
projects that bring scientifi c information to life. The goal was to encourage new ways 

to visualize data—efforts that are increasingly important  for conveying scientifi c principles 
and ideas across disciplines and to the general public, and for revealing the hidden beauty
of structures on scales from nanometers to the cosmos. The following pages showcase the 
winners of the 10th in what has become the annual International Science and Engineering 
Visualization Challenge. 

The 10th anniversary winners merge biology and physical science in interesting ways. 
They include a “wiring diagram” of the macaque brain (featured on the cover of this issue), 
which inspired a new type of computer chip; a scanning electron micrograph that reveals the 
crystal structure of a sea urchin’s tooth; a poster showing how the owl manages to swivel its 
head without shutting off blood to its brain; and a video of a computer model of the heart that 
marries imaging techniques with high-powered computing.   

We received 215 entries from 18 countries. A committee of staff members from Science

and NSF screened the entries. Those selected as fi nalists were posted on NSF’s Web site, and 
visitors were invited to vote for their top choice in each category. A total of 3155 votes came 
in; entries that received the most votes were named the “People’s Choice.” Independently, an 
outside panel of experts in scientifi c visualization reviewed the fi nalists and selected the win-
ners. The winning entries are featured on the following pages, in a slideshow and podcast at 
www.sciencemag.org/special/vis2012, and at www.nsf.gov/news/scivis. Some entries were 
put together by large teams, not all of whose members could be listed in print; the online pre-
sentations provide more details. Tarri Joyner of NSF organized this year’s challenge. 

We encourage you to submit applications for next year’s challenge, details of which will be 
available on NSF’s Web site, and to join us in celebrating this year’s winners. 

JUDITH GAN, DIRECTOR, OFFICE OF LEGISLATIVE AND PUBLIC AFFAIRS, NSF

COLIN NORMAN, NEWS EDITOR, SCIENCE
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FIRST PLACE WINNER

AND PEOPLE’S CHOICE

Alya Red: A Computational Heart

Guillermo Marin, Fernando M. Cucchietti, Mariano Vázquez, and Carlos Tripiana,  

Barcelona Supercomputing Center

   rom this tangled swirl of fi bers, scientists hope to divine the deep-

est secrets of the human heart. Based on  MRI data, each colored 

strand represents linked cardiac muscle cells that transmit electrical 

current and trigger a model human heartbeat. The image is an artistic 

rendering of Alya Red, a new computer model of the heart at the Barce-

lona Supercomputing Center that marries modern medical imaging tech-

niques with high-powered computing.

Despite centuries of study, scientists are still largely baffl ed by 

the heart’s complex electrical choreography, says physicist Fernando 

Cucchietti, who helped produce the video. When faced with the chal-

lenge of presenting Alya Red to a general audience through video, he 

says, “It took a lot of work to get a script that was engaging, but still 

scientifi cally deep enough for an expert eye to see interesting details.” 

The most challenging part was to get the heart fi bers in the image 

above to move in a realistic way, Cucchietti says. At one point, he says, 

the animation showed the electrical currents moving backwards. “We 

had to keep going back to the scientists—did we mess something up?”

 “We wanted to create a sense of wonder at the complexity” of the 

heart itself, he says. The awe wasn’t lost on the judges. “I was literally 

blown away,” says Michael Reddy. “After the fi rst time I watched the 

video, I thought, “I’ve just changed the way I thought about a heart.”

HONORABLE MENTION

Observing the Coral Symbiome Using Laser 
Scanning Confocal Microscopy

Christine E. Farrar, Zac H. Forsman, Ruth D. Gates , Jo-Ann C. 

Leong, and Robert J. Toonen, University of Hawai`i, Manoa

    o dyes or digital software produced the bril-

liant color of these corals—the glory is all their 

own. Fluorescent molecules, innate to the corals and 

to the red algae that live inside and nourish them, 

shine like Christmas lights under different wave-

lengths of light emitted by a confocal microscope. 

When she saw the corals under the lens for the 

fi rst time, “my jaw just dropped,” says Ruth Gates, a 

coral biologist at the University of Hawai`i, Manoa, 

and the narrator of the video. “Most people think 

corals are inanimate rocks,” she says. “We show-

case how beautiful and dynamic they are as ani-

mals.” In the video, which compiles the images into 

three-dimensional, time-lapse animations, corals 

extend and retract their glowing tentacles. Tiny crea-

tures crawl over the corals, all part of a complex and 

threatened ecosystem. In the future, Gates says, it 

might be possible to use confocal microscopy to clas-

sify different coral species or diagnose coral disease 

by their fl uorescent patterns. Prior to applying this 

technique, she says, “that was not even a facet in our 

thinking about coral biology.”
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Proyectos 2013



Supercomputers



Simulpast



Exploración geofísica



Big data visualization



Paraview

Hive

Hadoop

VTKQuery

Data Data Data Data

User
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