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Figure 1: Screenshot of the SporeVis interface. The left panel displays a tree, where the leaves consist of Spore creatures and
their names, and the edges connect each creature to its 4 closest neighbors by morphology. The right panel shows additional

details about the selected creature.

Abstract

This paper presents a novel system for classifying, orga-
nizing, and visualizing creatures from the 2008 video game
Spore according to morphology. The creatures are decom-
posed into a sequences of their constituent parts using an
innovative encoding scheme that preserves both the hierar-
chical and semantic structure of the creation. At the same
time, this encoding scheme is optimized for fast lookup of in-
dividual blocks and rapid comparison of sequences between
dissimilar creatures. The system groups creatures into clus-
ters according to the degree to which their block sequences
match, and allows the user to perform real time dynamic
queries to filter, view, and compare details of individual or
multiple creatures on demand. The techniques described in
this paper may be applied to any dataset composed of assem-
blies consisting of building blocks that have varying levels of
parts commonality.
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1 Introduction

Modern video game publishers increasingly rely on user-
generated content to add variety and increase customer loy-
alty to their games. Electronic Arts’ 2008 video game Spore
takes this trend to a new level by turning the ability to gen-
erate creations with arbitrary appearance, structure, and
functionality into a central feature of the gameplay. How-
ever, as the set of available Spore creatures has grown to
over 140 million creations as of May 2010, several issues have
cropped up due to the sheer popularity of the user-generated
content system and its ability to create an almost unlimited
combination of creations.

Browsing through and searching for a creature with a par-
ticular shape or morphology in this vast datasource has be-
come all but impossible. Creatures in the Spore database
may be given a name, description, and are sometimes marked
with short phrases or tags; however in practice few authors
tend to take the time to properly annotate their creations
before uploading them to the database. Consequently, the
keyword-based search on Sporepedia, the main repository
of Spore creations, yields many irrelevant and often unre-



lated results for a given search term, while occasionally com-
pletely ignoring applicable creations that may have been mis-
labeled. The available filtering criteria (“Newest”, “Highly
Rated”, “Recent Highly Rated”, “Featured”, “All”) are pri-
marily focused on freshness and users’ ratings, and therefore
do not help narrow the results down according to morphol-
ogy. As a result, users of Sporepedia are often forced to page
through hundreds of results before they can find a creature
that matches their specific interests. This results in a large
gulf of execution between the user’s goals of finding a spe-
cific creature, and the required steps to successfully perform
the desired action of finding a suitable match [Norman and
Draper 1986].

In addition, the current Sporepedia search interface does
not provide the user with any notion of how creatures are re-
lated to each other. The results are arranged in a grid and or-
dered by upload time, which is not a semantically meaning-
ful criterion. This presents an opportunity for a new system
for browsing and searching through user-generated content
that visualizes parallel evolution and cross-pollination of cre-
ation construction techniques in a semantically-meaningful
and morphology-aware manner. In particular, the proposed
system should facilitate the exploration of this interesting
dataset through dynamic queries using the overview, zoom
& filter, details-on-demand paradigm advocated by the Vi-
sual Information-Seeking Mantra [Ahlberg and Shneiderman
1994].

2 Related Work

While there has been no work done to date on visualizing
Spore creations by morphology, the proposed system shares
some elements in common with earlier developments in the
biological sciences that seek to build evolutionary trees. In
particular, research in the field of computational phylogenet-
ics aims to assemble phylogenetic (evolutionary) trees and
networks representing hypothesis about the evolutionary an-
cestry of a series of taxa based on inherited characteristics
and morphological analysis [Semple and Steel 2003]. The
system is related to earlier works in computer science that
attempt to visualize large hierarchical tree and graph struc-
tures (often over a given time duration), including systems
such as GraphViz [Gansner and North 1999], GEVOL [Coll-
berg et al. 2003], and Vizster [Heer and Boyd 2005]. Finally,
SporeVis’ emphasis on interactive dynamic queries has many
parallels to the Dynamic Homefinder [Williamson and Shnei-
derman 1992] and Spotfire [Ahlberg and Shneiderman 1994]
systems, as well as more recent works such as Generalized
Selection via Interactive Query Relaxation [Heer et al. 2008].

Although biologists have been creating static phylogenetic
trees since before the time of Darwin [Archibald 2009], it is
only recently that computerized techniques have been ap-
plied to programatically generate hierarchical groupings of
taxa. The NSF Tree of Life Web Project Initiative [Maddi-
son et al. 2007], an early attempt at interactive phylogenetic
trees, consists of hierarchically linked HTML pages, in the
form of a cladistically organized branching evolutionary tree
of life. Each page contains information about one particu-
lar group of organisms organized as a branched tree, thus
showing hypothetical relationships between different groups
of organisms.

Various tools such as Web Tree View [Zhai et al. 2002],
Java Tree View [Saldanha 2004], ATV [Zmasek and Eddy
2001], and TaxonTree [Parr et al. 2004] have been built for
viewing and annotating pre-built phylogenetic trees. How-
ever, these tools do not automatically filter and cluster the
results based on user-provided criteria and only allow for lim-

ited interactivity, therefore I classify them as static rather
that truly dynamic and interactive visualizations.

A more recent phylogenetic tree visualization system is
the Paloverde OpenGL phylogeny browser [Sanderson 2006].
Paloverde aims to provide phylogeneticists with rapid nav-
igation of binary trees’ clades, without losing sight of the
leaf names and maintaining the tree representation in Eu-
clidian space. The authors extoll the use of realistic lighting,
perspective, and other attributes as features which add “re-
alism”, however in the eyes of many critics, the gratuitous
use of 3D detracts from the visualization by diverting the
user’s attention from the relevant data.

Another OpenGL-based phylogenetic tree visualization
system is the 3D Phylogenetic Tree Explorer [Kim and
Lee 2007]. This system projects phylogenetic trees onto
three spatial axes, with leaves assigned such that species
are catagorized on the X-axis while paralogs (genes related
by duplication within a genome) are represented on the Z
axis; the Y coordinate represents evolutionary distance, just
as in conventional 2D trees.

Evolutionary Distance (Y)

SEARCH

The difference between these existing computerized graph
visualizations and my proposed system is the data domain,
as well as the deployment of interactive, direct-manipulation
querying and filtering techniques. In addition, the existing
systems are tailored for a technical, scientifically literate au-
dience, while my system is intended for use by people with
little or no background knowledge of biology.

In the realm of Spore visualizations, the main reference



sources of Spore creations are Electronic Art’s official Spore-
pedia encyclopedia [Spo a], and the Sporistics analytics ser-
vice [Spo b]. Although some studies have been performed
on ranking Spore creations and analyzing community inter-
actions [Twardos 2009], so far there have been no previous
works that focus on the morphology of the Spore creations
themselves.

3 Visualization Design
3.1 Design Goals

My goal for SporeVis was to build a visualization system that
users of the Spore Creature Creator could use to facilitate
discovery of creations with specific morphologies, and under-
stand how their own creations compare to existing creations.
I wanted to support the open, collaboratory, and exploratory
nature of the Spore Creation ecosystem while giving users
easier access to search and group patterns.

3.2 Existing Sporepedia Interface

The existing Sporepedia tool allows for browsing multiple
creations at a time, with rectangular icons showing each
creature’s name, author, and a small image of the creature
arranged in a 4x5 grid, showing 20 creature results per page.
Unfortunately, the linear, paginated format of this interface
limits interactivity and does not provide a coherent organi-
zation of the available creations. In addition, although it is
possible to view detailed information for a specific creature,
this involves the appearance of an intrusive popup which
covers a large portion of the screen, and hides information
for all but the selected creation.
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Another flaw of Sporepedia is the keyword-oriented search
interface, which relies very heavily on the author proper la-
beling his/her creation’s name, description, and providing
a list of salient tags. This is a labor-intensive (on the part
of the author), inefficient, and often inaccurate approach,
since many creations are not given descriptions or tags at
all, or even worse mislabeled, which causes them to be cat-
egorized incorrectly. Finally, it there are little or no options
available for refining queries. The available filtering crite-
ria (“Newest”, “Highly Rated”, “Recent Highly Rated”, “Fea-
tured”, “All”) are primarily focused on freshness and users’

ratings, and therefore do not help narrow the results down
according to morphology. As a result, users of Sporepedia
are often forced to page through hundreds of results before
they can find a creature that matches their specific interests,
and even at that point it is hard to find additional similar
results.
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3.3 Key Modifications

The shortcomings of the existing Sporepedia interface in-
spired me to develop richer network overview and ex-
ploratory tools, while maintaining the colorful, kid-oriented
nature of the Sporepedia interface. I realized that imagery
was essential for uniquely identifying distinct creations, and
therefore must play a key role in the visualization. Conse-
quently, each creature is represented as a node containing
an image of the creation which is asynchronously retrieved
from the Internet, along with its name as a caption, in order
to distinguish it from a sea of similar neighboring creatures.

In addition, I did not want to eliminate the existing de-
tailed creation information view provided by Sporepedia;
however I wanted to display this data in a less intrusive
manner than an attention-diverting popup. As a result, I
decided to create a creation details panel to right of the
network display showing details of the creation such as its
name, author, type, subtype, description, tags, and date at
which it was uploaded. The creation details panel also pro-
vides direct-manipulation searches over key words or phrases
selected by the user.

4 Visualization Implementation
4.1 Architecture

The SporeVis system is built as a Java application, primarily
using the Prefuse visualization framework [Heer et al. 2005],
which is designed specifically for interactivity and animation.
The creations are arranged in a tree, in which the nodes are
the creations, while the edges consist of connections between
each creature and its 4 closest neighbors by morphology. For
visualizing comparative creature morphologies and skeletal
structures, I embedded Processing.org PApplets as tooltips
which appear when hovering over creature nodes or edges.
The entire system is backed by a PostgreSQL database that
allows the user to filter the dataset and run dynamic-queries
in real-time.

4.2 Layout

The SporeVis network layout is computed using the
Fruchterman-Reingold force-directed algorithm, in which
nodes repel each other and edges act as springs. Thanks
to this layout, creature nodes are grouped into identifiable
clusters based on their amount of connectivity. Although
the connectivity between each creation to every other cre-
ation is calculated, I choose only to connect each creature
with its 4 neigbors with the highest matching index. This
thresholding is performed to avoid excessive connections be-
tween relatively unrelated creations, which would only serve



to clutter the graph and hide the stronger relations.

“AKSporeVis Qe

Fle.Options Tools

4 Dreacmonster

:
B oumping

3
s Nadehmurny pola

There are two options for the layouting algorithm. The
first option arranges nodes in a graph-like fashion, with each
node connected to its 4 most similar neighbors irrespective
of the overall graph structure. The second layout option
provides for a more hierarchical organization by connect-
ing each node only to the top 4 matching neighbors that
are not already visible in the visualization. This generates
a more aesthetically-pleasing tree structure, but is less ac-
curate, since two creatures that may be very similar, but
happen to be located on different branches of the tree are

prohibited from being connected.

aKsporevis. -
e opti
& oeryeo
,p it
¥ oo
Lo S v e
& Gt Samotnik Crysta
A, restion vieem
. it
4 o |
.
2 P4 Serpi
= o
28, octstchus Desmo \
R
A o

4.3 Interaction

The user may interact with the SporeVis system primarily
through simple mouse operations. Clicking on a creation
causes the corresponding creature’s salient data to appear
in the profile panel to the right of the network view. The
user may drag a node in order to move it around the screen;
upon releasing the mouse button, the creature node is once
again subject to the force-directed layout.

The SporeVis system highlights nodes based on connectiv-
ity in the larger network context. Upon hovering the mouse
hovers over a creature, it causes that creation, as well as its
neighboring (closest match) creations, and 2nd-degree neigh-
bors to highlight. The highlighting is performed via a graded
color scale that encodes relatedness using both intensity and
hue, from red-orange at the selected creation to orange at
its 1st-degree neighbors to yellow at its 2nd-degree neigh-
bors. All other creatures in the graph are correspondingly
desaturated into grayscale images, to distingush related and
distant creatures.

Upon hovering over a creature node, the SporeVis sys-
tem also displays a visualization of the creature’s skeletal
structure, in a popup tooltip. The skeletal visualization ro-
tates, and parts are scaled by z-axis depth to provide the
viewer with a 2.5D visualization that avoids the issues of
part occlusion and depth misperception that would be prob-

lematic in a static visualization. The creature’s parts are
colored distinctly by part-type (for instance, vertebrae are
blue, weapons are shown in red, etc), in order to assist the
viewer in understanding the creature’s morphology.
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When hovering over an edge connecting two creatures,
both creatures’ skeleton structures are shown simultane-
ously, and analogous parts are outlined in yellow. As the
creatures rotate simultaneously, yellow lines intermittently
connect the analogous parts that are facing the viewer.

4.4 Navigation

The SporeVis system also facilitates rapidly moving across
different regions of the creation morphology graph via pan-
ning and zooming functionality. By dragging the back-
ground of the display with the left mouse button down, the
user may pan the screen in any direction. If the user holds
down the right mouse button and then translates the mouse
pointer vertically up or down the screen, then the screen
zooms in or out. For performance reasons, the images are
displayed in low resolution when zoomed out, and update
to higher resolution photos when zoomed-in to double the
normal scale.

5 Algorithm
5.1 Data Parsing

Since Electronic Arts does not allow developers to directly
access the entire Spore database, the information must be
retrieved through the Spore API [Moskowitz et al. 2009] in
the form of XML files. In order to allow the application to
perform real-time dynamic queries and work offline, I cache
this data locally within a PostgreSQL database.

Please email the author at akovacsATberkeleyDOTedu for
the full version of the paper which contains additional details
for this section.

5.2 Generating Matches

Each creature’s part topology is encoded in a tree-like fash-
ion. The encoding scheme begins by finding the root block
of the creation; this is the only block in the creature which
is not a child of any other block. From this root block, the
algorithm finds its children, which are all blocks that are
directly linked to the root block. The blocks are encoded
using a pyramidal scheme, which preserves both the hierar-
chical and semantic structure of the creation. At the same
time, this encoding scheme is optimized for fast lookup of in-
dividual blocks and rapid comparison of sequences between
dissimilar creatures. The system groups creatures into clus-
ters according to the degree to which their block sequences
match.

The hierarchically encoded blocks are arranged into se-
quences of 3 consecutive blocks (parent, child, grandchild).
which are generated for each creature, and then are cached
locally in a separate table for fast lookup. At this this point,
the system runs a variant of the BLAST (Basic Local Align-



ment Search Tool) algorithm used in biology to find match-
ing sequences. The challenge was to encode these connec-
tions of 3 in a way that makes it easy to traverse the tree
in a hierarchical, depth-first fashion, but also enables detec-
tion of sibling parts which are at the same level. There exist
Spore creatures that have a branching factor of up to 14 per
level, so the encoding scheme must be robust to handle very
elaborate and complex creature structures. This technique
also allows the system to restrict the depth and granularity
of the matches to a certain number of levels, so that matches
are only counted for the main torso of the creation, rather
than for insignificant features like hairs on a limb.

Please email the author at akovacsATberkeleyDOTedu for
the full version of the paper which contains additional details
for this section.

5.3 Tree Construction

Please email the author at akovacsATberkeleyDOTedu for
the full version of this paper which contains this section.

6 Discussion

Please email the author at akovacsATberkeleyDOTedu for
the full version of this paper which contains this section.

7 Future Work

Please email the author at akovacsATberkeleyDOTedu for
the full version of this paper which contains this section.
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