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Discovering the Unexpected

I n many domains, the user is interested not
only in including objects with particular

desired values, but also in the distribution of values in
the set. We refer to the former preference as the user’s
depth preference, and the latter as the diversity prefer-
ence. For example, in college admissions, students with
good grades and extracurricular achievements are
preferable (depth), but it’s also desirable to have an
incoming class with a diversity of personal interests and
socioeconomic backgrounds (diversity). In Web search-
es, a user only wants to see documents relevant to her
query (depth), but would ideally like documents from
a variety of sources (diversity).

Our research aims to provide a
visualization that enables a user to
understand both the attributes 
of individual members of the set
(depth) and the distribution of
attribute values across the set
(diversity). Our approach combines
glyph-based multivariate visualiza-
tion techniques with barycentric
multidimensional layout methods.
We let users select specific attribut-
es of interest to emphasize the infor-
mation that’s most relevant for their
application. For each application,
we expect to be able to identify the
depth of elements in a manageable
set, but also be able to compare
those elements with the diversity of

a larger, less-manageable set. We expect to provide the
user with a view of the set and additionally provide a
view into the set’s individual members without losing
the set’s context.

Many existing techniques for visualizing sets result in
a loss of information about individual members. Com-
monly used visual techniques for this problem include
bar graphs and parallel coordinates. Although a bar
graph adequately conveys information about the collec-
tion as a whole, it doesn’t show the diversity of set mem-
bers, nor does it show dependencies between attributes.
Conversely, parallel coordinate representations can be
effective at showing diversity and some pairwise

attribute dependencies, but the user can’t easily distin-
guish individual instances in the display.

We can apply our set of visualization methods (see
Figure 1) to a variety of data sets containing objects with
multiple attributes. In our preference-modeling project,
we’ve been working with several different data sets,
including music playlists, scientific image data, and
movie recommendation data. 

In this article, we apply our techniques to three appli-
cation domains: graduate admission pools, fantasy foot-
ball teams, and computer networks. Understanding the
changing nature of graduate admissions pools is impor-
tant for the continued success of computer science
departments in the face of changing global conditions.
We define the depth (or academic quality) of the admis-
sion pool by attributes such as Graduate Record Exam-
ination (GRE) scores, country of origin, and gender
while the diversity will represent how diverse the entire
set is among those attributes.

Fantasy football is an ideal domain because it’s
impossible to configure a winning team without con-
sidering both the team’s depth (quality and experience
of the individual players) and diversity (coverage of dif-
ferent skills).

Analysis of a computer network allows administra-
tors to monitor the amount and types of traffic and use
this analysis to determine the network’s security impli-
cations. The depth here is the network user’s traffic

Our approach for visualizing a
set of objects uses glyphs
overlaid on a composite
representation of the entire set
to convey objects’ depth and
the set’s diversity. We test and
apply this technique to three
application domains: analyzing
student applicant pools of a
particular school or department,
building an effective fantasy
football team, and analyzing
traffic activity on a network.
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1 Visualization of our techniques applied to a fantasy
football team that won a fantasy football league. Posi-
tion and color represents quality of the player by num-
ber of touchdowns scored.
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while the diversity discusses the different types of usage
for this network. Furthermore, these data sets represent
information where the properties of an individual in the
set are important against the distribution of properties
across the entire set.

Three application domains
We’re interested in the rather abstract problem of

understanding the multivariate characteristics of poten-
tial sample sets constructed from a much larger popu-
lation of possibilities. The driving problem here is the
development of techniques to construct sets that exem-
plify both the quality of individual members (depth) and
a spread of other attribute characteristics (diversity).
The role of visualization in the larger project is to help
understand the differing nature of sets produced by dif-
ferent approaches.

Applicant pools
In the past several years, applications to graduate pro-

grams in computer science in the US have declined dra-
matically. This decline is easy to see from the raw
number of applications. Less easy to understand is
potential changes to the composition of the applicant
pool in the face of decreasing size. We are interested in
issues of applicant quality (depth), as well as the distri-
bution of other characteristics of interest (diversity). In
constructing an entering graduate class, we are also
interested in diversity in terms of gender, country of ori-
gin, and degree sought (MS or PhD). 

For the purpose of this investigation, we use GRE
scores as a crude measure of applicant quality. Although
an undergraduate grade point average would be a much
better indicator of quality, lack of a consistent scale
across institutions and countries makes this problemat-
ic. For instance, US universities tend to use a 4.0 scale,
Chinese universities tend to use a 100-point scale, and
Indian universities might use either. Worse yet, the same
score at even two universities that use the same scale
may mean something very different, making it difficult
to automatically compare grades.

Specific questions we would like to answer include 

■ Is the pool of those admitted more or less diverse than
those applying? 

■ How does the student’s country of origin impact the
applicant’s attributes in this study? 

■ Does an applicant’s diversity differ by country? 
■ As the applicant pool has decreased, has the quality of

those admitted gone down? 
■ How has the geographic distribution of the applicant

pool changed over time? 
■ Has the diversity of the applicant pool changed?
■ Has the diversity of admitted students changed? 

Fantasy football 
Fantasy football is a game that’s based on player sta-

tistics gathered from actual football games. A fantasy
football league consists of a certain number of teams,
usually around 10 or 12. Each team might have a cer-
tain number of actual football players on the team, but
a player may only belong to one team in the league. Each

team’s performance is based on the aggregate perfor-
mance of the team members in real football games. Fan-
tasy football teams accumulate points, following league
rules, where a player’s actual performance is translated
into a certain number of points. For example, a passing
touchdown might be worth four points to the fantasy
team that includes the player who threw the passing
touchdown. Fantasy teams in the league compete with
each other to see which team accumulates the most
points over the actual football season. 

The goal of the fantasy football visualization for a user
might be to determine the team’s strengths and weak-
nesses. These insights would be useful during a fantasy
draft, when team owners select players for their fanta-
sy team. The visualizations in this article use US Nation-
al Football League data for the 2004–2005 season,
collected from a fantasy football Web site hosted by
Yahoo (see http://sports.yahoo.com/nfl). Fantasy foot-
ball players often use the previous season to build their
team for a new season, since the previous year is gener-
ally a good predictor of how well a player will perform
the following year. 

Attributes of interest about each player include the
number of passing touchdowns, receiving touchdowns,
rushing touchdowns, skill position, height, age, and
name. Passing touchdowns are passes a player throws
that resulted in a touchdown. For each passing touch-
down, another player must also receive that touch-
down, known as a receiving touchdown. A rushing
touchdown is awarded to a player who scores a touch-
down without catching a pass before scoring. The skill
position refers to which role the player plays in the foot-
ball game—in this application, we include only quar-
terbacks, wide receivers, tight ends, and running backs.
Because performance is the primary attribute of con-
cern, it’s mapped to the strongest visual cues—location
and color. Also, the different types of touchdowns are
the biggest factor in determining if a team is diverse in
its performance. 

The specific questions we look to answer are 

■ Is a fantasy football team diverse in its players? 
■ Does a fantasy football team have more diversity than

the general set of players? 
■ How likely is a team to have a player that performs

well in each touchdown category? 
■ What is the amount of diversity on teams that per-

form well in the fantasy league versus teams that
don’t? 

■ Does depth in a particular performance area over-
come the lack of diversity? 

Network traffic
Network administrators monitor computer networks

for various reasons, including security, limitations, sta-
bility, and connectivity. Understanding the network
aids the administrator in any form of monitoring. Once
again, a depth and diversity relationship exists. Under-
standing the type and amount of traffic throughout the
network is a diversity problem while understanding
the reasons that traffic exists in the network is a depth
problem (because all of the traffic is produced from a
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single computer on the network). A computer net-
work’s specific attributes that are of interest include
the amount of traffic, the type of traffic, and the time
that the traffic was present in the network. The type of
traffic is the key attribute in this application domain
and includes Web browsing, file sharing, chat/messag-
ing, and email traffic. 

The goal of this visualization is to aid in understand-
ing a network to diagnose problems or security con-
cerns. Because of this, we chose three different types of
network traffic to serve as this application domain’s key
attributes. The visualization will identify the diversity
of the types of traffic occurring on the network, which
will identify what the network is primarily used for.
Knowledge of the network’s primary usage can influ-
ence decisions made to optimize the network. For exam-
ple, if there are large amounts of Web browsing traffic,
a Web caching solution could limit the amount of traf-
fic that leaves the local network. Furthermore, the
amount and type of traffic that each node produces will
be apparent, so we could identify a particular user that
produced significantly more traffic than others and what
that user is doing. Our example data set includes a col-
lege’s student network use (simulated to create a larger
scale visualization). Some of the questions we attempt
to answer include the following: 

■ What type of traffic is this network most used for and
least used for? 

■ What type of activity do the users with the largest
amount of traffic participate in? 

■ Are there particular users who have a large amount
of activity associated with them who might be impos-
ing on bandwidth limitations? 

■ How different is each user in the network in terms of
what type of traffic they produce? 

Approach
In considering the best approach for successful, accu-

rate visualizations, we reviewed a number of previous
efforts (see the “Related Work” sidebar for more infor-
mation). For our research, we determined that the visu-
alization must be able to display both the depth and the
diversity of the set of objects. The visualization should
also let the user easily identify and understand the indi-
vidual objects in the set. For instance, it should be appar-
ent to a viewer if a set being visualized has several
objects with a high value of one attribute, but no objects
with a high value for a second attribute.

We used glyphs to represent each object. The glyph’s
attributes include size, opacity, color, and location. We
designed the glyphs with the application tasks in mind,
mapping the most important variables to the most visu-

Related Work
Many researchers have used glyph-based visualizations

for multivariate visualization. Healey and Enns1 describe
several types of glyph alterations that can be used for this
purpose. They describe an approach for mapping multiple
attributes using a color scale. They find that shape and color
can interact, that too many visual cues can lead to
interference and reduced understanding, and that varying
height and density has no effect on a user’s ability to
identify the colors in a glyph. We used these findings to
select our mappings, specifically combining height and
color together to map multiple attributes. 

Ebert et al.2 describe 3D glyph drawing techniques that
can represent up to eight different scalar values. These
techniques include altering the glyph’s location, size, color,
and opacity. Altering the glyph’s shape, color, and
transparency in combination was shown to be an effective
technique for visualizing multivariate data.3 In a more
generalized sense, Bertin provides analysis of each of the
techniques we apply to the glyphs.4

Parallel coordinates are a commonly used method for
multidimensional visualization.5 As we mentioned, these
techniques aren’t appropriate for our goal of visualizing both
diversity and depth. In particular, although parallel
coordinates can effectively convey the set’s diversity, it’s
difficult to see the individual objects’ attributes, so depth is
not easily understood. Furthermore, parallel coordinates
don’t offer a technique to highlight the data’s key attributes. 

VisDB6 demonstrates another multidimensional
visualization technique, but it is too generalized for our
approach. VisDB is an interactive application that combines
multiple techniques to let users find a visualization
technique that works for their data set. 

Kandogan7 introduces a technique for visualizing trends
and outliers. Kandogan uses a star coordinate system,
which aligns an axis with each attribute of the data
elements, to visualize multivariate data. This technique
provides an effective way to find trends, outliers, and overall
set diversity. However, like the similar parallel coordinates
technique, it’s difficult to see the depth of a particular
member of the set.
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ally reliable attributes. We primarily selected glyph
attributes that would be separable, such as those that
didn’t interfere with each other. For example, the visu-
al system processed size and color attributes indepen-
dently using different subsystems, so values of one have
a limited impact on the perceptions of the other. 

Also, whenever possible, we leveraged the natural
connotations of words. For example, we used glyph
height to represent a player’s height or glyph color to
match the glyphs according to a team’s flag colors. In
cases where we used integral dimensions, it was gener-
ally for item attributes that logically mixed. For example,
we used three color components to represent different
aspects of football scoring and network traffic, with the
three variables mixing together to form an intuitively
single property. In both cases, we redundantly mapped
those variables to position to preserve the univariate
information. Colin Ware provides a more detailed analy-
sis of choosing appropriate glyphs in his book.1

In addition to glyphs for individual set members, we
present a composite view of the set’s population. This
view shows fewer attributes, but gives an overview of a
population in a much more scalable way. We choose
solid icon glyphs that relate to the data set being visual-
ized so that they stand out from the composite view. We
use the glyph and composite views together to show the
depth and diversity of a small selected set in the context
of a much larger population. 

Glyph attributes 
Users have the capability to alter several of the

glyph’s properties, which helps them more easily iden-
tify the object that the glyph represents. In our
approach, we modified four glyph properties to suit our
needs: scale, opacity, color mapping, and location. We
then normalized each technique to the data set, so that
the visualization can handle the largest variation of
each glyph’s property.

Scale. The first glyph mapping technique used is scal-
ing. A glyph can be scaled according to one or two attrib-
utes of the visualized object. Because scaling can occur
on both axes, it’s possible to map two attributes to scale—
one attribute to x-axis scaling and another attribute to 

y-axis scaling. Furthermore, if it’s important to keep the
glyph’s dimensions to its original scale, one attribute can
be mapped to scaling the glyph equally along both axes.
The formula used to scale the glyph along the y-axis is 
y scalei � (vi � (vmin � 1))/2, where vi is the value of the
attribute for element i and vmin is the minimum value of
the attribute across all the set’s elements. 

The most intuitive and direct scale application is in
the football example visualization where we map the
player’s height to the glyph’s y-axis scaling. In this way,
a player’s height is mapped to the glyph’s height. We
selected the value 5.0 as the minimum attribute value,
because there’s no player in the National Football
League who’s less than five feet tall. A five-foot-tall play-
er will have a scale factor of 0.5; a six-foot player will be
represented by an unscaled glyph (y scalei � 1.0). 

Figure 2 shows glyphs with height mapped to the y-
axis scale for several players in the NFL, with a legend
below. The three players that the glyphs represent are
Peyton Manning (with a height of 6’5”), Roy Williams
(with a height of 6’2”), and Jamal Lewis (with a height
of 5’11”). It’s straightforward to interpret the glyph
height to see the player’s height. 

Opacity. Another attribute value is mapped to the
glyph’s opacity. To achieve this mapping, a glyph’s alpha
value is altered according to the represented object’s
attribute value. The lower the alpha value, the lighter
the glyph will appear. When using this technique, it’s
important to adjust minimum values in the formula so
that relevant attribute values are still noticeable in the
visualization. If an alpha value of zero is applied to a
glyph, the glyph will no longer be visible. The general
formula used to calculate the opacity is opacityi � 1 �
(vi � vmin)/P, where P is the largest value that keeps the
opacity scale factor above zero for the entire data set. 

For the football data set, age is mapped to the glyph’s
opacity. As the player gets older, the glyph loses opaci-
ty, giving the effect of older players fading out. Younger
players will have large alpha values. By mapping age to
opacity, a scale factor of one or greater will show the
glyph with full opacity so that any player of age 20 (the
minimum value, or vmin, for this data set) or less will be
displayed with full opacity. For the football visualiza-
tion, P was set to 28, meaning that any player less than
48 years will be shown with some opacity. A player aged
48 or older will be too old to be seen in the visualization,
but there has never yet been a player that old in the NFL. 

Figure 3 shows examples of three different players with
their ages mapped to opacity. Peyton Manning was born
in 1976. Drew Bledsoe, the oldest player in this example,
was born in 1972. Finally, Roy Williams was born in 1981
and is the youngest player in this example. Roy Williams’
glyph representation is rendered with a full opacity. 

Color mapping. Color mapping represents three
different attributes. Each of the three attributes alters
the value of one of the color values: red, green, or blue.
A large attribute value creates a strong value of the
respective color. Color and position are the most visu-
ally obvious techniques in this article so they should be
mapped to important attributes. We normalize the 

2 Three players with varying heights.

3 Three different players showing the age to opacity mapping.
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general formula for mapping each
color value to the largest value in the
set as colori�glyph color � (vi /vmax).
The formula is additive in that it
doesn’t take color away from a pixel
value, so a strongly colored glyph
would produce poor results. In fact,
a base glyph with low color values
produces the best results because it
allows for a wider range of values to
be mapped to it. 

One of the key attributes in the fantasy football visu-
alization is the number of touchdowns. Three types of
touchdowns are possible (passing, rushing, and receiv-
ing), so we map these to three different colors. Passing
touchdowns are mapped to green, receiving touch-
downs to blue, and rushing touchdowns to red. For
example, the intensity of green in the glyph will increase
as the player that the glyph represents gets more pass-
ing touchdowns. 

Figure 4 shows three different players who each par-
ticipate primarily in a different touchdown category.
Roy Williams, who is represented by a blue glyph,
caught eight receiving touchdowns in the 2004–2005
season. Since he got nearly half of the receiving touch-
downs of the player who got the maximum number of
receiving touchdowns, his glyph representation has
been increased by around half of the total blue value
available for each pixel. Peyton Manning, represented
by the green glyph, receives a maximum green color
value for each pixel in the glyph because Manning’s 49
touchdown passes in the 2004–2005 season was the
most by any player. Jamal Lewis got seven rushing
touchdowns in the 2004–2005 season, which is less than
half of the maximum number of rushing touchdowns.
His glyph representation has a noticeably weaker color-
ing than Manning’s. 

We chose a multivariate color scale to represent the
different methods of scoring touchdowns to allow for
players who score touchdowns using multiple methods.
Generally, a quarterback only produces passing touch-
downs, a running back rushing touchdowns, and wide
receivers and tight ends receiving touchdowns. Howev-
er, sometimes a quarterback not only throws for touch-
downs, but also rushes for touchdowns. Although rare,
this information is valuable for a fantasy team owner,
as the fantasy team will receive points for both passing
and rushing touchdowns from that player. By using the
multivariate RGB scale, it’s possible to see a player that
receives touchdowns in multiple categories. In an
extreme (and very unlikely) case, a glyph that’s com-
pletely white would indicate maximum color values in
each touchdown category because every value of the
RGB scale would be maximized. Figure 4 includes a play-
er (Michael Vick) who had both passing and rushing
touchdowns in the 2004–2005 season, although he had
more passing touchdowns than receiving touchdowns.
The brownish tint of the glyph indicates that there is
some red value in the glyph, but the overall color still
appears more on the green side, indicating that this
player’s primary method of scoring touchdowns is
through the air. 

Location. Location is another strong visual cue. We
designed this project to produce a 2D visualization, but
it has three key attributes to visualize. These key attrib-
utes are mapped to the RGB color scale. However, to
emphasize these attributes more, and to aid in showing
diversity among different object sets, these key attrib-
utes are redundantly mapped to location and color. 

A method for mapping three attributes to a position
in a 2D plane is using a barycentric coordinate system.
A barycentric coordinate system is based on three ver-
tices of a reference triangle, effectively (1, 0, 0), (0, 1,
0), and (0, 0, 1). Then, each triplet (x, y, z) is mapped
within the reference triangle and pulled toward the ver-
tex that corresponds to the attribute mapped to that
number that is part of the triplet. There is a limitation
to using Barycentric coordinates. The barycentric coor-
dinates (0, 0, 0) would map to the same location as
(0.25, 0.25, 0.25), which would both correspond to the
center of the reference triangle. However, since the key
attributes are mapped to color as well as location, the
colors will vary for those two different attribute sets,
giving an indication of the absolute value even though
the location is relative. 

The three key attributes in our fantasy football visu-
alization are doubly mapped to location using barycen-
tric coordinates. Figure 5 shows the barycentric space
defined by passing, rushing, and receiving touchdowns. 

Background overlay
To show the diversity of the set being visualized ver-

sus the diversity of the entire set of possible objects, the
background is overlaid with the entire set’s location
information. At each point on the barycentric coordi-
nate map, the intensity is determined by the number of
elements in the entire set that would be located at that
point. Based on the three attributes chosen to map to
location, the background shows the set’s diversity. 

To present a smooth background overlay, we use a
Gaussian kernel. For each element in the entire set, we
find its barycentric position using the three attributes
chosen to represent location. Then, we apply a Gauss-
ian kernel to the position, darkening points around the

4 Three glyphs representing three different players who each participate in different touch-
down categories. 

5 Barycentric position legend indicating which
attribute pulls the glyph in which direction.



element’s position. The further away a point is from the
element’s position, the smaller the darkening effect of
the Gaussian kernel until the effect gradually drops off
to nothing. For the example application domains, the
background began white, and color was subtracted
using the kernel. This is similar to the Graph Splatting
technique, which allows for smooth visualizations of
large data sets.2

If appropriate for the data set, we can apply color to the
background overlay. Each element of the data set also has
a color associated with it using this method. Instead of
applying a Gaussian kernel to a point’s intensity, we apply
the kernel by making the points’ color closer to the repre-
sentative color of the element in the set. Again, for the
example application domains, we begin with a white
background. Then, for each point on the barycentric coor-
dinate plane, we alter the point and the surrounding
points’ color to be closer to the color of the element at that
point. We do this by subtracting color from the RGB scale
based on an inversely proportional function to the ele-
ment’s color. For example, if the element’s color was blue,
then we would subtract both red and green using the
Gaussian kernel from the element’s point. 

In the fantasy football example, this is useful for mea-
suring the quality of a team versus the quality of all play-
ers in the league. Figure 6 shows the background overlay
of all skill position players for the 2004–2005 season. 

Figure 6 emphasizes one of the widely used strategies
of fantasy football veterans: draft a top running back
early. Rushing touchdowns favor the southeast axis of
the barycentric plane. In the visualization, it’s apparent
that a small but noticeable set of players fall far from the
center along the rushing touchdown axis, meaning
there’s a small cluster of players that score significantly
more rushing touchdowns than other players. Further-
more, outside of that small cluster of elite running backs,
there’s a fairly large drop-off in touchdowns to the next
set of running backs, indicated by the white space
between the bottom right cluster and the other data. 

Our system’s overlay also shows that players with
receiving touchdowns experience a gradual drop-off in
the number of players as the number of receiving touch-
downs increases. Furthermore, of the quarterbacks in
the league, those who throw for passing touchdowns
cluster near the middle of the passing touchdown axis.
Partially, this is because Peyton Manning set the pass-

ing touchdown record in the 2004–2005 season, which
was significantly higher than all other quarterbacks’
passing touchdowns. However, it does show that many
mediocre quarterbacks exist in the league, with only one
elite quarterback. This implies that significant effort
shouldn’t be placed in attempting to obtain one of the
better quarterbacks in the league (excluding Peyton
Manning), as there are many other quarterbacks who
will produce a similar number of passing touchdowns.

Application results
The application of these techniques produced visual-

izations in which a user could draw conclusions about
the data set. Some of the conclusions were unexpected.
For the fantasy football application domain, we can ana-
lyze and compare depth and diversity of a team with the
depth and diversity of another team to predict a winner.
In the student admission application domain, we can
visually compare diversity over the set of admitted stu-
dents from year to year. Finally, in the network traffic
domain, we can isolate the primary form of traffic as
well as the users who produce the most activity.

Fantasy football
Once a fantasy team is rendered in the same image,

it’s fairly easy to see the diversity among the team’s play-
ers. Five different attributes help show this diversity, but
the most obvious one is color. This is important because
color equates to the most important statistic for a fan-
tasy football team owner—touchdowns.

The strength of these visualization techniques is that
the result displays both the depth of objects in a set, as
well as diversity over the set. Figure 7 shows diversity in
images of two different object sets.

Figure 7a shows a complete visualization with a leg-
end of all attribute mappings and two fantasy football
teams. This is actually visualizing the starters from a fan-
tasy football play-off game for the 2005–2006 season.
The team visualized on the left side ended up winning
the play-off game. Both teams are reasonably diverse
but both also suffer by not having a player with a large
number of passing touchdowns, represented by green
values in a glyph.

However, the team on the left has players that partic-
ipate in multiple touchdown categories while the team
on the right has players that only participate in one
touchdown category. We can figure this out by looking
and seeing that the team on the right has all of the glyphs
lined up along the axis that the barycentric coordinate
plane created.

The team on the left has two players that appear to
participate in multiple touchdown categories. Shaun
Alexander, found in the bottom right of the left team,
has a large number of rushing touchdowns but also has
some receiving touchdowns. This is demonstrated by
the pink appearance of the glyph as well as the pull to
the left of the glyph, off the rushing touchdown axis.
This means that this player has more chances to get a
touchdown than someone like Willis McGahee, the
strongest running back on the right team.

Furthermore, the receivers on the left team are further
down the receiving axis as a whole than the receivers on
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6 Background overlay of the football player data set.
The darker the spot on the barycentric coordinate
plane, the more players that fall into that category.



the right team, meaning the team
on the left also has advantage
when comparing receivers. Oddly
enough, neither championship
team has a player who performs
relatively well in the passing touch-
down category, implying that hav-
ing a good quarterback isn’t so
important to field a winning team.
This unexpected discovery has
implications for standard fantasy
football drafting strategies that pri-
marily focus on getting a running
back, but also have quarterbacks
being taken in the first round. 

The left set of Figure 7b shows
an example of a set which isn’t very
diverse, as there are no glyphs near
the right of the triangle or any red
color in the image. For the football
data set example, this means the
team is lacking rushing touch-
downs. Furthermore, it’s easy to
see depth of an individual object.
For example, in Figure 7a, the left
image has one glyph that stands
out among the other glyphs in the
bottom left corner. Because this
glyph is in the bottom left of the
image and has a high blue value, it
indicates that this player scores 
a large number of receiving touch-
downs.

Figure 7b shows another com-
plete visualization of two fantasy
teams. The left team represents a
fantasy football team in last place.
Notice the lack of diversity that
the left team has, that could have
predicted the team’s performance.

In fact, the left team has a lack
of rushing touchdowns, repre-
sented by no red values in the
image and no glyphs moved
toward the right triangle’s vertex.
The left team has a stronger set of
players who have larger values of
receiving touchdowns but this
wasn’t enough to keep the team
out of last place.

This team would have done well to make some roster
moves to find a player with some rushing touchdowns,
possibly at the expense of trading some of its receivers
(for example, gaining some red and losing some blue).
In fact, good running backs are commonly considered
the key to a successful fantasy football team, thanks to
their consistence and rarity.

The right team represents a more diverse team, but
you’ll notice it has only a few deep players, who have
large numbers in a particular touchdown area. The
team also has a good example of an older player
(Jerome Bettis) who still performed well; see the bot-

tom right corner of Figure 7b. In fact, Bettis is the
deepest player on this team, but his age is catching up
with him, and he’s currently not performing as well in
the 2005–2006 season as he did in the 2004–2005 sea-
son, which this visualization shows. The team on the
right did outperform the team on the left over the sea-
son, and they’re looking at a finish somewhere in the
middle of the league. Perhaps recognizing that the
deepest player on the team is getting old by looking at
this visualization could alert this team to look to the
future by finding younger players who could eventu-
ally perform well.
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The team on the left ended up winning first place in a fantasy football league. (b) Complete
visualization of two other fantasy teams. The team on the left represents a fantasy football team
in last place.
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Applicant pools
The glyph and overlay views help answer questions

about changing depth and diversity in the applicant
pool. Figure 8a shows all students admitted in Fall
1999. The system represents each admitted student
with a glyph: squares for men and triangles for women.
Glyphs for PhD students are larger than those for MS
students. Each student glyph is colored by the students’
country of origin: blue for the US, red for China, green
for India, and yellow for all others. Applicants’ GRE
scores are mapped to barycentric coordinates: south-
east for quantitative, southwest for verbal, and north
for analytic. Students with higher composite GRE
scores are more opaque.

The glyph cluster in the center of the display repre-
sents a group of domestic applicants with balanced
scores on the three parts of the GRE. Students from
China (red), India (green), and especially other coun-
tries (yellow) are more likely to have higher quantita-
tive GRE scores. Male students predominate through
this group, particularly among domestic students. Fig-
ure 8b shows that same group of admitted students
against the backdrop of all applicants. The characteris-
tics of this group generally mirror those of the admit-

ted group, but applicants with extremely unbalanced
scores seem less likely to be admitted.

Figure 9 shows differing depth and diversity charac-
teristics of applications from different countries of ori-
gin. Applicants from the US (blue) are mostly men, but
they’re a mix of MS and PhD applicants. Applicants from
China (red) almost invariably apply to the PhD program
(big glyphs). Applicants from India (green) include a
larger percentage of women and almost always apply
to the MS program. Applicants from other countries
(yellow) vary widely in depth (composite GRE scores
are mapped to opacity). 

Figure 10 shows the changing nature of the applicant
pool during the 1999–2004 period. In the first year,
applicants from China (red) are well represented. In the
middle years, applicants from India (green) predomi-
nate. Toward the end of this window, applicants from
the US (blue) become more numerous.

Figure 11 on page 44 shows the changing nature of
the set of admitted students from the period of
1999–2004. The set of admitted students tips from
China, to India, to the US. During the years India dom-
inates, students were comparatively more likely to be
MS-seeking and more likely to be women.
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8 Students admitted in Fall 1999. (a) Glyphs for admitted students. (b) Background shows the entire applicant
pool.

(a) (b)

9 Characteristics of applicants by country of origin (same mappings as in Figure 8). (a) Applicants originating
from the US, (b) China, (c) India, and (d) other countries.

(a) (b)

(c) (d)



In 2004, the set is smaller, but contains a greater per-
centage of PhD students. Although the number of stu-
dents admitted decreases, the number of weaker
students (less opaque) decreases even more quickly.
However, the overall trend in this visualization is unex-
pected. As the number of accepted students decreased
over the years, the diversity of the entire set doesn’t
change much. There’s still representation from each of
the countries, still a varied number of PhD students and
MS students, and most surprisingly, a diverse set of GRE
scorers in both the total score and subject focus. This is
unexpected, because as the number of admitted stu-
dents went down, we would expect the admitted stu-
dents would be a less diverse set of GRE scorers, all with
higher scores than previously admitted classes where
more students were accepted.

Network traffic
The visualization techniques applied to a network

traffic data set reveals depth and diversity information
about the traffic. For this application, we chose the type
of network traffic as the key attribute, and doubly
mapped its features to the barycentric coordinate sys-
tem and the glyph’s color. While nearly limitless types
of traffic exist, we break down traffic type into three
broad sets. Red and the north axis of the barycentric
coordinate graph means an increased amount of Web
traffic. Blue and southeast corresponds to chat-based

traffic, while green and southwest corresponds to any
other type of traffic. We defined chat traffic as Internet
Relay Chat or AOL Instant Messenger traffic, both of
which are commonly used chat and messaging services.

We break down chat and Web traffic into separate
groups because these two categories, along with file shar-
ing, make up the majority of traffic expected from a set
of users in a dorm. In this case, the other traffic category
will likely consist of large amounts of file-sharing traffic.

Figure 12 shows a display of a small simulated dorm
network. The lack of nodes on the southern side of the
layout indicates that this network consists primarily of
Web traffic, because most users are producing more Web
traffic than any other type of traffic. Also, the large clus-
ter of low-activity users in the north of the visualization
identify a large number of users that only produce Web
traffic and that amount is relatively small.

The node that appears in the east of the layout pro-
duces more chat-based traffic than anything else, and
this size indicates a large amount of chatting. Finally,
the nodes on the west produce traffic that isn’t Web or
chat traffic, and is likely email and local file-sharing traf-
fic. The nodes with the lowest alpha values have been
inactive the longest.

The most surprising element of this visualization is
that the Web and chat traffic nearly always outweigh
the amount of “other” traffic. This means that any type
of gaming or file sharing is outweighed by the amount
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10 Changes in the applicant pool from (a) 1999, (b) 2000, (c) 2001, (d) 2002, (e) 2003, and (f) 2004. The map-
pings are the same as in Figure 8.
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of chatting and Web browsing that most users do. The
few nodes that are dominated by other traffic do pro-
duce a high amount of activity, which is common when
users are sharing larger files (such as audio or video).
With peer-to-peer file sharing lawsuits making nation-
al news in the past few years, we would expect to see
larger amounts of file sharing, which will push more
nodes into the other traffic section.

Conclusions and future work 
Because each data set was of interest to at least one

of the authors, we self-evaluated the results of each

application domain. While we were able to draw con-
clusions and identify unexpected results in our data sets,
a formal evaluation would be more effective in showing
the usefulness of our techniques.

What we did succeed in doing with this project is
visualize both depth and diversity in each application
domain. In the fantasy football application, we were
able to infer a team’s quality based on the depth of
individual players and the diversity of the set of play-
ers in the league. Furthermore, viewing both the win-
ning and losing teams’ results revealed trends that
could help a fantasy football owner determine the best
strategy.

The student application visualization showed trends
over time. This helped us visualize data in multiple areas,
including diversity by country, gender, the applicants’
scores, and the quality of admitted applicant’s scores.

The network traffic application gave insight into what
a network is being used for and what particular users
are doing. Finally, in each application, we found unex-
pected discoveries by visualizing both the depth and
diversity of a set, which someone probably wouldn’t see
or notice using standard methods.

The limitations of this visualization are scalability,
occlusion, and technique interference. In Figure 7b,
some glyphs occlude the others. While the occlusion
doesn’t affect seeing the set’s diversity, it’s difficult to
see an occluded glyph’s depth. Also, if glyphs are occlud-
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11 Changes in the admitted class from (a) 1999, (b) 2000, (c) 2001, (d) 2002, (e) 2003, and (f) 2004. The map-
pings are the same as in Figure 8.
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(c) (d)

(e) (f)

12 Network visualization of depth and diversity. Com-
puter glyphs represent each node. The color and loca-
tion of the glyph describe the types of traffic produced
by the node. The glyph size is the amount of traffic; the
opacity represents how recently activity occurred.



ed, the importance of their depth is less relevant,
because whichever glyph occluded it has nearly the
same properties. Occlusion is related to scalability
because as the object set grows, so will the amount of
occlusion.

We should also note that we found that techniques
such as color and opacity can interfere with each other.
The lower the glyph’s alpha value, the more difficult it
is to see varying color values.

A future extension is to apply focus � context tech-
niques to improve the result’s scalability and reduce
occlusion. Yang et al.3 saw similar scalability and occlu-
sion issues in their value and relations work and used
various strategies to address those concerns. We could
apply their interactive navigation and selection tools to
this work to address the same concerns.3 Finally, we
believe that producing interactivity in the glyphs could
give users access to more information.4 ■
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