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Fig. 1. TreeVersity comparison interface. On the top are the two original trees being compared (budgets for 2011 and 2012). At the
bottom the DiffTree shows the amount of change for each node. The glyph called the Bullet points up to denote increases, and down
for decreases. Nodes that have the same value in both trees are shown as small gray rectangles. The created and removed nodes
are highlighted with a thick white or black border respectively. In this example the height of the Bullet is proportional to the absolute
change (in Dollars) while the color is mapped to the percentage change making it easy to spot the changes that are significant in both
absolute and relative terms, i.e. the dark tall bullets. Novice users can start with a redundant encoding using the same variable for
both color and size.
Abstract— When comparing two trees, the most common tasks are to identify changes in the node values and to identify topological
differences. However even in trees with just a dozen nodes it is difficult to see those differences. TreeVersity is a novel interactive
visualization that allows users to detect both node value changes and topological differences. TreeVersity uses dual comparison
techniques (side-by-side and explicit differences) coupled with a tabular representation, to help users understand and explore the
differences. It uses carefully-designed color palettes to show positive/negative, absolute, and relative value changes; and glyphs that
preattentively show these changes and also highlight created and removed nodes. To illustrate the use of TreeVersity we compared
1) the 2012 and 2013 U.S. Federal Budget and 2) airlines’ maintenance budgets. In a usability test all eight participants were able
to identify differences between trees without training and suggested improvements which were implemented. TreeVersity was also
applied in a Facebook app called MySocialTree to navigate the news feed as a tree of friends. A survey of 15 users of MySocialTree
suggested that they were able to understand and navigate TreeVersity’s glyphs and found it useful.
Index Terms—Information Visualization, Tree Comparison.
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1 I NTRODUCTION
Hierarchies help us organize and understand information. Examples
include the U.S. Federal Budget, the evolutionary tree of species, the
members of baseball teams and business organizational charts. Many
have researched visualizing, navigating and understanding tree structures. Techniques such as node link representations [43], TreeMaps
[31], Radial representations [14] and Icicle trees [33] are now often
used in scientific and non-scientific publications.
Once one understands the data represented in a single tree, a next
stage is to compare trees. Where are the significant gains and losses in
an upcoming budget proposal? How do the overall budgets of France
and Germany compare? How have the salaries of different job titles
and responsibilities changed since the year prior? The answers need
to reveal both topological differences (e.g. what nodes appear, disappear or move), and node attribute value differences (increases and
decreases). Biologists are interested in finding created, removed and
relocated species when comparing taxonomies[40], while economists
might be interested in the relative changes in the closing stock market prices [52]. While most related work has focused on one or the
other type of change, we propose TreeVersity, a novel tree comparison tool able to address differences in both node values and changes
in topology.
In this paper, we extend our work described first from the design
perspective on [24]. We present it now from an Information Visualization point of view, with significant improvements such as new filtering
techniques (DiffScatterPlot see Section 3.4.1), animated transitions to
reuse screen space, colored table nodes for easy ranking and matching, and support for moved nodes. We also present a new case study
with the US. Department of Transportation comparing the change in
maintenance budgets of different Airlines that operate in the US. We
also designed and implemented TreeVersity in a different platform and
problem domain as MySocialTree, a Facebook Application to navigate the news Feed as a tree of posts grouped by friend lists and type
of posts. Finally we present the results of a survey of MySocialTree
users that suggests that the tool is easy to understand and useful.
The contributions of our work are:
• Design and implementation of TreeVersity, an interactive information visualization tool for comparing trees by looking at
changes both on topology and node value differences (Tree comparison Types 0,1,2,3,4 see section 1.1)
• Application of the tool using two different data domains, the US
Federal Budget, and the Airline’s maintenance budgets.
• Design and implementation of the Bullet, a visualization glyph
that allows the representation of five dimensions of tree node
change, including direction of the change (positive, negative or
neutral), absolute differences, percentage changes, change relative to other nodes, and topological differences (created, removed and moved nodes).
• Usability experiment that suggests that users are able to understand and explore all the five dimensions of tree node change on
an example tree comparison using TreeVersity.
• Design and implementation of the technique in a second platform, as a Facebook App called MySocialTree for exploring the
news feed grouped by friend’s lists and type of posts.
• User Survey that suggest that MySocialTree is easy to understand
and useful.
The rest of this paper is organized as follows: First we define the types
of tree comparisons addressed by TreeVersity. Then we describe related projects that handle tree comparison, grouped by the type of comparison they perform. Then, we present TreeVersity and offer detailed
explanations of its different components. Next we present two application cases: finding changes in the US Federal Budget Between 2013

and 2012 and identifying differences in the maintenance budgets of
the airline’s that operate in the USA. We describe a usability study
that show that users where able to understand this types of differences
using our system without previous training. We then present an application of TreeVersity on a different platform, a Facebook app called
MySocialTree that helps users navigate their news feeds by grouping
the posts by friend’s lists and type. We also describe the results of a
usability survey with 15 users of the application.
1.1 Background and definitions
In the scope of this work a tree T is the tuple (r, N, E) where r ∈ N is a
unique non-null root node, N = {n | n = (id, Attribs)} is an unordered
list of nodes, and E = {(parent, child) | (parent, child ∈ N)} are the
edges that connect them. Each node n ∈ N is composed by an id and a
list of attributes Attribs in which each one has a name and a numeric
value Attribs = {(name, value) | name : a string, value : a number}.
Let’s define the boolean
 functions

i f (p, c) ∈ E
true
AncestorE (p, c) = true
i f ∃i AncestorE (p, i) and AncestorE (i, c)

 f alse otherwise


i f (a, b) ∈ E
true
PathE (a, b) = true
i f i f ∃i PathE (a, i) and PathE (i, c)

 f alse otherwise
A
tree
T = (r, N, E)
must
satisfy
two
rules:
i f AncestorE (p, c)then ¬AncestorE (c, p))
and
∀n
∈
N PathE (r, n).
Let leaf nodes be defined by lea f (n) =
{true i f ¬∃c AncestorE (n, c) f alse otherwise}and interior nodes
by interior(n) = {true i f n ∈ N and ¬ lea f (n)}. Note that in this
definition all nodes might have attributes whether they are leaves
or not. This definition of tree includes a broad set of datasets,
including those where there is no explicit hierarchy in the data, this is,
multivariate datasets where a hierarchy can be created by grouping the
elements by different attributes of the data. For example the statistics
of the NBA player’s performance can be converted into a tree by
grouping the players by the position they play, their team and their
league.
1.1.1 Tree Comparison Types
Much work has been done on visualizing [31, 33, 34, 44] and exploring
[43, 26, 12]single tree structures such as the described here. However
the problem of comparing two trees is significantly harder. We have
identified and classified the following types of tree comparison (Figure
2) :
Type 0: Topological differences between two trees where the nodes
only contain a label. Example: Finding differences between two phylogetic trees, or trees of species, where biologists want to identify
which species are in the same position on the tree, which are moved,
appeared or disappeared.
Type 1: Positive and negative changes in leaf node values with aggregated values in the interior nodes (i.e. trees that can be visualized
with a TreeMap[31]) and no changes in topology. Example: Comparing the stock market’s closing prices between today and yesterday
across a hierarchy of market sectors, assuming no stocks are created
or deleted.
Type 2: Positive and negative changes in leaves and interior node
values with no changes in topology. Example: Comparing the salaries
in an organizational chart between two years, when no reorganization
has occurred.
Type 3: Positive and negative changes in leaf node values with aggregated values in the interior nodes and with changes in topology.
Example: Comparing the budget of the U.S. government between two
years. Some agencies and departments have been created or terminated.
Type 4: Positive and negative changes in leaves and interior node
values, with changes in topology. Example: Comparing the number
of page visits between two months using the website file hierarchy as
a natural organization. Some pages might be created or removed, and
each page in the hierarchy has an independent number of visits.
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Fig. 2. Types of tree comparison problems. Current literature has addressed Types 0 and 1, with only one attempt at Type 3 [51]. TreeVersity
supports all five cases, with emphasis on Types 1-4, the ones that include node value changes.

1.1.2

Dimensions of node changes

According to related work and our own experience, analysts that want
to perform these types of tree comparisons want to be able to find and
understand the following dimensions of tree node changes:
Direction of change: positive, negative or neutral (no change).
Absolute change: the actual amount of change, e.g. the Department of Defense budget will be decreased by 15.99 billion dollars between 2012 and 2013.
Percentage change: the absolute change with respect to the original value, such as the cut in the Department of Defense represents a
2.32% decrease with respect to its budget in 2012.
Relative change: how does a node change compare to the changes
of other nodes in the tree, e.g. The cut in the Department of Defense
($-15.99 Billion, -2.32%) will be considerably smaller than the expected decrease in the Department of Labor’s budget ($-52.66 Billion,
-29.84%).
Topology difference: Nodes that are created, removed, or moved.
e.g. The Bureau of Engraving and Printing ($140 million dollars) is
scheduled to be removed from the Department of Treasury on 2013.
As described in Section 2, researchers have proposed a significant
number of solutions for comparing trees on topology (Type 0) [15,
43, 22, 17, 23, 48, 6, 30, 7, 39, 40, 42, 18, 38, 13, 35, 19, 20, 11]
or for visualizing changes in node values with aggregated values in
the interior nodes (Type 1) . To the best of our knowledge, only one
project [51] has attempted combining both types of differences at the
same time (Type 3). TreeVersity is a tree comparison tool that tackles
a richer set of problems by combining a novel visualization technique,
interface design with coordinated views, interaction techniques and a
comparison algorithms to support all five types of tree comparisons.
2

R ELATED W ORK

This section focuses on research that has been done on comparing, visualizing and analyzing multiple tree structures. There is substantial
work on single tree structures, but since they are not relevant to the
objective of comparison, it won’t be addressed in this document. Instead, we recognize tree comparison visualizations in this section, for
surveys of single tree visualizations please refer to [8, 27, 21, 45, 32].
This related work has been categorized in three areas according to each
project’s focus: topological comparisons, node value comparisons and
algorithmically oriented approaches.
2.1

Topological Comparison

Most of the tree comparison work has been done comparing topological changes between tree structures. This might have been influenced by the well-known problem of comparing taxonomies of
species. TreeJuxtaposer by Munzer et al.[40] is one of the best examples, presenting an efficient algorithm for comparing hierarchies.

It uses a node-link representation with side-by-side comparison and
a focus+context technique with guaranteed visibility. TreeJuxtaposer
scales well with the number of nodes. MultiTrees by Holten & van
Wijk [29] compares also two tree structures using side-by-side Iciclelike [33] representations, mirroring one of them and drawing connections between the tree’s nodes using Hierarchical Edge Bundling [28]
to reduce clutter. MultiTrees connections can get very busy, but are
very useful to represent splits and joins between subtrees.
Other good examples of side-by-side comparison are Graham &
Kennedy’s [17] Icicle-like [33] representation and Bremm et al. [11]
node-link visualization. These two solutions scale to tens of trees
by dividing the screen space into small interconnected views of the
compared trees, but are limited by the screen size. In later work [19]
Graham & Kennedy addressed this by switching from the small multiples to an aggregated representation using directed acyclic graphs
(DAG). Others have used the concept of aggregation of multiple
trees in one view; Furnas et al. [15] proposed the concept in 1994;
CandidTree[35] used the concept with a node-link representation that
uses color, shapes and dotted lines to represent uncertainty. Amenta
and Klingner’s TreeSet [6] takes a different approach to comparing
a large number of taxonomies by calculating a bi-dimensional metric representing each tree and plotting them in a scatter plot. Card
et al.’s TimeTree [13] explored the concept of time changing hierarchies, combining Degree of Interest Trees (DOITrees) [41, 26] with
time sliders to analyze hierarchies that evolve with time
The InfoVis2003 contest [25] promoted the development of projects
on topological tree comparison. Some of the winning submissions presented innovative solutions for the problem, such as TreeJuxtaposer
[40], already described. Others include Zoomology [30] which used
radial representations combined with zooming interfaces, InfoZoom
[48] which used condensed side-by-side tables, EVAT [7] with radial side-by-side comparisons and TaxoNote [39] with a condensed
Microsoft Windows Explorer-like representation. However, many of
these promising projects did not published anything else beyond the
competition’s two page submission requirement.
Finally other approaches use zooming interfaces such as MoireTrees [38], which allows navigation of multi hierarchies (different
trees that categorize a shared group of leaf nodes) using zooming and
radial displays, and DoubleTree [42], that uses two connected, sideby-side SpaceTrees [43] to highlight topological differences between
taxonomies.
Despite the substantial work on topological differences between
trees, to the best of our knowledge, none of these solutions addresses
the problem of comparing changes in node values. TreeVersity takes
the task of comparing two tree structures one step further, by looking also at node value changes. However more complex topological
comparison features already supported by these projects, like finding
moved nodes and subtrees, have not yet been addressed in the TreeVersity design. More specifically, TreeVersity performs topological comparison of two trees, by identifying created and removed nodes and
revealing changes in the node values, tackling a richer set of problems
than those that are restricted to topological differences only.
2.2

Node Values Comparison

The work on comparing node values is more limited, usually employing treemaps. The original treemap tool [31, 46] allowed the display of
changing values on the hierarchy but it was never developed for comparison. Animated TreeMaps [16] represented changes in the nodes’
attribute values using animation, focusing on stabilizing the layout.
Both projects rely on user’s memory to keep track of the amount of
change and the location of the nodes which can be taxing and confusing. TreeVersity in contrast combines side-by-side comparison with
explicit differences visualizations that allow users to navigate differences in a more explicit way. SmartMoney’s Map of the Market [52]
represents stock market price changes using colored treemaps1 . This
approach has proven to be popular, however it only presents relative
1 http://www.smartmoney.com/map-of-the-market/

differences in the leaf nodes without topological changes, or what was
called problem Type 1 in the introduction.
Contrast Treemap [51] is to the best of our knowledge, the only
project that compares two trees using aggregated node value changes
and topology differences (tree comparison problem Type 3). It modified the traditional treemap technique by splitting each of the nodes’
rectangular shapes into two complementary color triangles. The color
shade and hue, and the areas of the triangles are used both to represent
node value changes and topology differences. We believe that Contrast
Treemaps sets of colors can be improved using palettes that are more
commonly associated with increases and decreases, but the combination of node values and topology differences in one feature (the color)
might lead to information overload. The use of treemaps facilitates the
comparison of the biggest nodes in the tree, while at the same times
hides the smaller one. However, Contrast Treemaps, are limited to aggregated Trees (problems Types 1 and 3) and since the area represents
one of the compared values they cannot represent at the time created
and removed nodes. Compared to the Contrast Treemaps, TreeVersity
covers a broader set of problems, including comparing trees with values in the interior nodes independent of the leaves values (problems
Type 2 and 4).
2.3 Algorithmically oriented
The final approach for tree comparison makes use of tree metrics,
which usually are algorithms that calculate distances between two or
more trees. These metrics can be classified by the type of comparison they make, and Bille [9] presents an excellent survey of them.
According to him the most important classes of metrics are Edit Distance, Alignment Distance and Inclusion (subtrees). In this work he
describes efficient algorithms for each of this areas that could be used
to compare many trees at once.
Another common related strategy for analyzing multiple trees is the
consensus tree [6, 50, 36, 49]. This a technique used in phylogenetic
analysis for summarizing many trees into one, but only applies for
trees without numeric node values.
3 T REE V ERSITY
3.1 Interface design
According to Gleicher et al. [37], there are three common approaches
used to compare data structures: side-by-side comparison (juxtaposition), superposition, and explicit difference (aggregation). TreeVersity
uses a mixed approach that combines two of these techniques with interconnected views (Figure 1). At the top are the two original trees allowing side-by-side comparison. Below them a third aggregated view
called DiffTree shows the differences between the original trees. The
three views are interconnected: selecting one node highlights and centers the two other corresponding nodes in the other views.
TreeVersity also displays the differences between the trees in a tabular representation (at the top left of Figure 1). The table lists all the
nodes currently displayed, also with tightly coupled highlighting. At
this time the columns includes the name of the node, level in the tree,
and absolute and relative differences of each attributes. Other metrics
could easily be added. Sorting columns allows the rapid selection of
nodes with extreme values (e.g. largest relative difference).
3.2 Comparison Algorithm
To build the DiffTree we compute the difference in all the attributes for
each original node. For this we require the nodes to be uniquely identified by one of the attributes (typically the label of the node); with this
identifier we can match the nodes and compute the differences of the
identical attributes (numerical only for now). The set of nodes that do
not have a match on the opposite tree are the topological differences.
We calculate the difference between the nodes’ values of the left
tree and the nodes’ values of the right tree. A positive difference indicates that the value on the right is larger than the one on the left. A
node present on the left but not on the right is considered a removed
node and its value in the DiffTree will appear as negative, assuming the
value of absent nodes as zero. This makes the placement of the original trees important. For example it is better (and also more intuitive)

Fig. 3. DiffTree construction. For each node a bullet is created representing the amount of change (absolute or relative) on it. The DiffTree
can be calculated using all the nodes from the original tree or with a
selection of those, like only with the nodes created or removed, or only
the nodes that appear in both trees. In order to maintain the tree characteristics of the structure, a rule that guarantees that the ancestor of a
visible node should be always visible is executed after any application
of a filter by the Users.

to place 2011 on the left and 2012 on the right. Created nodes present
in the right tree only will have a positive value. For each identification
we create a node in the DiffTree that contains the values of the attribute
differences in the corresponding nodes. Each node in the DiffTree is
placed as a child of the node that corresponds to the original node’s
parent.
By default the initial DiffTree shows the union of the original trees
and contains all the nodes from both original trees. However users
can filter out specific nodes by differential amounts and/or by topological characteristics (created, removed or present in both trees). The
nodes are sorted according to the amount of change (absolute or relative). The DiffTree is sorted first, then the same order is applied to the
original trees.
3.3

Visualization Technique

Different tree visualizations were considered for both the original and
DiffTree views, and after a process of selection, the node link representations were chosen. In particular the treemap was eliminated because,
although it can successfully visualize leaf node values, it cannot show
values for internal nodes and does not show the topological structure
clearly. The node-link representation seemed to be more versatile to
address the four types of tree comparison we wanted to address.
Users can choose a left-to-right (horizontal) or top-to-bottom (vertical) layout. The original trees use rectangular icons with color and
size redundantly encoding the attribute values of the nodes; the color
and size scale uses the maximum possible values found in both trees
combined so that the ranges in both original views are the same, facilitating side-by-side comparison. The DiffTree view uses a novel
glyph visualization—the Bullet—to represent differences between the
two original trees.
The Bullet glyph encodes the cardinality of the change, the amount
of change, and the creating/deletion. The shape’s direction represents
the cardinality of the change: down for negative and up for positive in
the vertical layout and left for negative and right for positive in the horizontal layout (used in MySocialTree, see Section 6). The bullet sizes
represents the amount of change. Color is used to encode both the
cardinality and amount of change in the nodes. Users can select from
preset color palettes that are binned in five steps to ease differentiation and accommodate visual preferences. The colors in the DiffTree
are deliberately different from those in the original trees because they
usually need very different value ranges. Gray (20% black) rectangles
represent nodes where the amount of change is zero. Finally, thick
black or white borders are added around the bullet to denote removed
or newly created nodes (white for added nodes, black for removed).

adjacent label. Users have control of how much information is provided (name of the node, its value, relative values, and other descriptions). TreeVersity maximizes spatial considerations when displaying
the layout of the nodes and their corresponding labels, and, if necessary, users can select the option to truncate the labels.
The colors and size of the Bullets on the visualization can represent
either the absolute or relative values (and differences) of the nodes.
By default the variable used for sorting the nodes is the same as the
one used for coloring, so if users change the coloring the nodes will
be rearranged on all views, using animation, to fit the new ordering
scheme.
Fig. 4. The Bullet representation. Shapes going up (or right for horizontal layouts) represent nodes with increases in their values (those
where the value on the tree of the right is bigger than the correspondent
node value on the tree of the left) while decreases are represented with
shapes going down (or left). The size of the shape represent the amount
of absolute (or relative change) compared with the rest of the nodes of
the tree, the biggest shape corresponds to the node with the maximum
value overall and the rest are normalized according to it.

By default both size and color are redundantly encoding the absolute
amount of change (e.g. the amount in dollars in the case of a budget),
but users can switch to relative change (i.e. percent change), or assign
color and size to different characterization of the changes.
3.4 User Interactions
3.4.1 Filtering
Users can filter the nodes by topological change, by range of values,
and by maximum depth. Topological change allows users to see only
the nodes that were created, or removed, or that are present on both
trees. With the filter-by-node-variables range, users can keep visible
only nodes whose value fall within a specific range, using an absolute or relative amounts of change. Finally, the filter by maximum
depth hides all the nodes that are deeper than a specified maximum
depth. Another way of filtering uses a widget called the DiffScatterPlot, which lays out in a scatter-plot the summary of all the changes in
the tree distributing dots according to their absolute amount change on
the y-axis, and to their percentage of change in the x-axis. Users drag
a bounding rectangle with the mouse to select nodes of interest. This
technique is especially useful for selecting outliers. Section 5 shows
an example of use of the DiffScatterPlot.
After the filtering operation, any nodes that do not fit the new selection criteria will be hidden from all the views (including the table),
and then by an animation, the empty space will be reclaimed for the
remaining nodes, making better use of screen viewing space.
3.4.2 Overview
All three visualizations offer panning and zooming options for navigation. However when analyzing trees with thousands of nodes, a
zoomed out (macro) view of the whole tree can produce a cluttered
mass of nodes. For this TreeVersity offers an option that distributes
the distance between the layers of nodes to fit the screen, as seen in
Figure 5. This option is especially useful to understand the structure
of the compared trees and of the DiffTree.
3.4.3 Navigation
Users can focus on a subtree comparison. This is done by double
clicking on the root node of the subtree of interest. After navigating
into a subtree all the views will be updated to display only the nodes
on it; this is particularly useful in de-cluttering the screen. A navigation panel records currently navigated nodes and allows users to return
to a previously navigated node. All of TreeVersity’s navigation and
filtering options are available for the newly navigated in subtree.
3.4.4 Labels and Colors
TreeVersity offers multiple options to control the visualizations. Users
can display the node’s values and other descriptive information as an
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A PPLICATION C ASE 1: US F EDERAL B UDGET

To illustrate TreeVersity’s functionalities, we used the 2012 and 2013
U.S. Federal Budget outlays 2 as published on the White House website 3 on March 2012. The Federal Budget has an explicit hierarchy composed by the Agencies, and their Bureaus, but deeper hierarchies can be built grouping by these attributes Account Name,
Sub-Function Name, Budget Enforcement Act (BEA) category (either
Discretionary, Mandatory or Net Interest), Grant/No-Grant and OnBudget/Off-Budget; grouped by these attributes the 2012 budget generates a tree with 7,511 nodes while the one for 2013 has 7,085 nodes.
The original budget included negative values for some accounts, although TreeVersity supports those values, they weren’t considered for
the examples that follow to avoid confusion for the readers.
4.1

Overview of the changes

The first task performed on the Budget was to try to understand the
overall changes between 2012 and 2013. For this, the compared
trees were reorganized to be grouped first by BEA category, and then
by Agency and Bureaus. The color differences represent absolute
changes. The comparison, shown in Figure 5, allows many immediate conclusions. First there is a total expected decrease of $16.22
Billions for 2013 compared to 2012 on the overall Budget. Also the
tree types of BEA Categories are clear (first level nodes), and is clear
that from those Net Interest is the one with fewer accounts. The other
two categories separate the budget between the accounts that can be
changed by the government (Discretionary) and the ones that cannot
(Mandatory). The overall budget of Mandatory accounts is planned
to increase by $13.24 Billions (+0.42%) while the Discretionary are
scheduled to be reduced on $47.38 (-3.56%). Many Agencies (level 2
nodes) are staying with the same budget as can be seen by the nodes
with gray edges, however none of those contains more than one Bureau (level 3 nodes). Finally some dark green nodes can be spotted
at the far right of the Mandatory subtree, those are the Department
of Health and Human Services and its Bureau Centers for Medicare
and Medicaid Services which are scheduled to be increased $125.71
Billions (+11.35%) and $124.87 Billions (+11.68%) respectively, big
outliers compared to the rest of the Budget changes.
4.2

Agencies and Bureaus changing the most

After analyzing the overview, the next task performed was to analyze
the Agencies and Bureaus that changed the most. As shown in Figure 6
the DiffScatterPlot (on the left of the figure) shows interesting outliers,
e.g. one node increasing by more than $100 Billion. All the nodes
changing by more than $10 Billion were selected (yellow dots on the
DiffScatterPlot). The resulting DiffTree uses color for absolute change
and bullet height for the percentage change. Some relevant nodes in
the Mandatory subtree are the Federal Deposit Insurance Corporation
that has a significant percentage decrease (-$62.34 Billion, -33.72%)
and the Department of Transportation that is changing in the opposite direction (+$54.29 Billion, +91.96%). With respect to the absolute differences, the Mandatory side of the Department of Health and
Human Services is again the most notable Agency (+$125.71 Billion,
+11.35%). It is also interesting to see that only two Agencies changed
by more than $10 Billions under the Discretionary side (the one that
2 Amount

of money that is expected to be spent

3 http://www.whitehouse.gov/omb/budget/Supplemental/

Fig. 5. Overview of changes in the Federal Budget between 2013 and 2012 grouped by the Budget Enforcement Act category (Mandatory,
Discretionary or Net Interest), and then by Agency (leaf nodes). The color here shows the absolute node changes. TreeVersity shows how there is
a budgeted cut of $47.38 (-3.56%) Billion on all the Discretionary accounts, the only ones that the Government can actually modify.

the Government can actually change) the Departments of Defense ($17.34 Billion, -2.54%) and of Education (-$11.39 Billion, -14.40%).
4.3

Created and Removed Agencies and Bureaus

The final analysis task performed on the US Federal Budget was to
identify the added and removed Agencies and Bureaus. For this task
the topology filtering of TreeVersity was used. The results shown in
Figure 7 displays two removed Agencies and 3 created and 8 Bureaus
deleted and 5 created. In contrast to the two previous examples, in
this task the Budget Agencies were not grouped by their BEA Category. Also, TreeVersity was configured to use color and Bullet height
to represent absolute differences, and a logarithmic scale to accentuate the smaller differences. Worth noticing is the FSLIC Resolution
Bureau of the Federal Deposit Insurance Corporation Agency, that is
scheduled to be removed in 2013 with its $307 Millions in budget.
5

A PPLICATION
GETS

C ASE 2: A IRLINE ’ S M AINTENANCE B UD -

As a second application case, we cooperated with the U.S. Department of Transportation (DOT) to analyze the changes in the maintenance budgets of the different airlines that operate in the US. The
dataset contained the reported amount of money spent by the airlines
in maintenance by quarters and years, and other attributes such as the
regions where the airlines operate and their net incomes. Two hierarchies where built at the request of the DOT’s analysts, first grouping
the airlines by region of operation (A: Atlantic, L: Latin America, D:
Domestic, P: Pacific, I: International) and then by the carriers, and the
opposite direction. A total of 67 carriers were compared (only those
with operation revenues by $20 millions or more were available) between 2011 and 2010. The dataset is available on the Research and Innovative Technology Administration Bureau of Transportation Statistics website under the Schedule P-1.2 link under Air Carrier Financial
Reports 4
4 http://www.transtats.bts.gov/

In order to present TreeVersity and then to analyze the airlines
dataset, we held two one-hour meetings with Ms Patricia Hu, Associate Administrator and Director of the Bureau of Transportation and
Statistics and other members of her staff. The first meeting served as
an introduction to the tool, where we described the types of tasks that
can be performed with TreeVersity and some example datasets were
presented. During this meeting the officials of the DOT brainstormed
ideas of comparisons they would like to make using using TreeVersity
on their datasets. For the second meeting, after a ten minutes introduction of the tool (for the first time attendees), we presented the different
comparisons of the airlines maintenance budgets between 2010 and
2011. Figure 8 shows an example of the visualizations discussed during the second meeting. The officials wanted to know which airlines
changed their budget the most when grouped by regions, so using the
DiffScatterPlot we filtered those changing the most, both in absolute
and in percentage differences. After the filter, only 8 out of the 67 carriers remained. Looking at these airlines, Ms Hu immediately noticed
that PSA and Compass Airlines were big outliers in their percentage
changes, with +305.86% and +230.96% respectively. She then asked
her staff the reasons behind it, and they explain that both companies
had been involved recently in merges that would explain the big increases. About this, she expressed "It’s great that we could identify
this airlines..." and "... if it weren’t for this visualization we wouldn’t
have noticed this". They also complimented the aesthetic quality of
the framework’s design. They also found it interesting that Delta and
Southwest Airlines presented significant absolute increases, and that
American Airlines was the biggest decreasing carrier. Moreover, they
mentioned that they would like to breakdown the differences to the
level of aircrafts, so they can compare for example, maintenance budgets for the Boeings 747 and 767. Ms Hu also started suggesting other
datasets that she would like to compare using TreeVersity. A Multidimensional In-depth Long-term Case Study [47] is being planed with
Ms Hu and her staff, to measure insight development using TreeVersity in their datasets in a longer period of time.
Note that in Figure 8 the carriers are grouped by regions, and the

Fig. 6. Biggest changers in the among the Discretionary category of the
Federal Budget between 2013 and 2012. Color represents percentage
changes while size represents absolute changes. Nodes were filtered
to show only Agencies and Bureaus and the DiffScatterPlot, on the left,
was used to select the biggest changers. The size of the bullets show
how the Departments of Defense and Education are getting the biggest
cuts in absolute value (-$17.34 Billion and -$11.39 Billion respectively),
while Presidio Trust with a dark green on the right is the most significant
percentage difference with 175% increase.

node values for the regions are the average amount of change in the
carrier’s budgets. Because of this the values in the interior nodes are
not aggregated, and therefore this is a tree comparison problem Type
4 (it also includes topological differences) as defined in Section 1.1.
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A PPLICATION C ASE 3: M Y S OCIALT REE

As the TreeVersity concepts matured, we came to believe that they
were relevant to navigating users’ social media data. By organizing friendships into categories and posts by their type (text, photo,
video), we formed a tree structure that could productively by visualized by applying the concepts in TreeVersity. This simple two-level
tree seemed comprehensible to a broad range of users, and as the results of a user survey showed, users found it useful for navigating
the news feed. This concepts gave birth to MySocialTree, a Facebook application that allows users to navigate their news feeds, using a tree that groups posts by author’s lists membership and type
of posts. MySocialTree was developed using a combination of tools
that include: the Google App Engine[5], the Facebook Developers
Platform[3] and the Python SDK for it[4] with some modifications5 ,
the Data Driven Document framework D3 [2, 10], and Bootstrap from
Twitter [1]. A running version of the application is available on
http://mysocialtree.appspot.com.
MySocialTree is our first exploration on the concept of analyzing
changes on a sequence of events, such as News Feeds, using trees.
These trees are created by categorizing the items in the feed (Posts or
Tweets) using classifiers according to certain user criteria, like friend’s
lists and type of Facebook’s posts. A classifier is a function C(p)
that maps each post p to a number of 1 or more classes. The user
selects the desired criteria by choosing and ordering a list of classifiers, like Type of Post, List membership of the poster and Location. The user criteria is therefore just an ordered list of classifiers
{C1 ,C2, ...,Cn }. The initial implementation of MySocialTree uses the
fixed criteria {ListMembershipO f Poster, TypeO f Post}, future implementations should include a user interface for selecting and ordering
the classifiers.
Currently MySocialTree represents only the tree correspondent to
all the posts in the user feed for a certain period of time (Figure 9),
5 The original version of the Python SDK contained some bugs that were
corrected. Also, in the middle of this project Facebook enforced OAuth login
only for the apps, and since this feature was not available in the original SDK,
the functionality was added

Fig. 7. Created and Removed Agencies (nodes at level 1) and Bureaus
(nodes at level 2) in the Federal Budget between 2013 and 2011. Created nodes are denoted with thick white borders, while black was used
for removed ones. Note that the topology differences are evident on
the two compared trees on the top of the image. For this image size
represents absolute change and color the percentage differences and a
logarithmic scale was used for both.

however the final objective of the tool is to display the change of number posts compared to an average rate. Users can select any node in the
tree to filter the displayed posts, for example choosing to see Photos
from Close Friends, or Videos from Family. Because MySocialTree
uses Treeversity visualization, users can also get an idea of how are
their recent posts distributed by type and by friends lists.
7 E VALUATIONS
Apart from the feedback collected from the Department of Transportation (described in Section 5), two more evaluations were performed:
a user study performed at the beginning of the project and a survey
on the users of MySocialTree. These two studies are described in this
Section.
7.1 User Study
We conducted a user study with 8 participants to evaluate if users could
understand the visual encodings and the basic interface organization of
Treeversity without training. The dataset was presented as the budget
of a hypothetical country but was in fact a small subset of the U.S.
Federal Budget for 2011 and 2012. We modified the node values to
include multiple sets of extreme changes that could be easily spotted
by the users (if they could interpret the encodings accurately), such
as an account receiving a budget increase in a department where all
other accounts were getting decreases. The dataset had 46 nodes distributed over four levels with 1 node removed from 2011 and 3 created
on 2012. The participants—three females and five males—were new
students in their first week of the Master on Human Computer Interaction program. Their background varied from computer science to
design and mathematics. They were unfamiliar with TreeVersity. After a one minute introduction explaining the objective of TreeVersity
and the nature of the dataset, participants were asked to try the interface and to describe their perception and understanding of the interface
using a think aloud protocol. No further training or orientation was
provided. To begin, TreeVerity showed only the first three levels of
the tree, a total of 17 nodes. The participants engaged with an earlier,
less-evolved version of TreeVersity than the one described here, the
main differences where in the legend, and the color used to represent
no change (white before, gray 20% now).All the desktop interactions
and discussions were recorded.
For about five minutes participants explored on their own while the
observer kept track of what had been correctly interpreted and learned
(or not), using a checklist of expected concepts to be discovered. After
five minutes misunderstandings were discussed and participants questions answered. If a particular feature had not been mentioned in the

Fig. 8. Airlines that change their maintenance budget the most between 2011 and 2010 by region. Airlines were filtered by those that incremented
their budgets in more than $27,000 or more than 200% or that reduced their budgets in more than $13,500. The budgets are grouped by regions,
the nodes at the first level in the tree. D stands for Domestic and A for Atlantic. The values in the regions represent the average amount of change
in all the airlines in that region, the root node shows the average overall.

think aloud exploration, the observer would request the participant to
speculate on the overlooked feature’s purpose, and if any misunderstanding remain it was clarified.
Overall we were pleased to see that without training all participants
correctly interpreted most of interface components of TreeVersity. The
first thing participants described was always the side-by-side trees and
the DiffTree. They all correctly described the relationship between the
three trees, and even that the tight coupling of the highlighting between
the views was not described explicitly, all of the users started using it
right away. Then participants talked about how they interpreted the
glyphs. For the side-by-side trees, everyone immediately associated
color with the amount of money at each node, however some people
overlooked the size property (both color and size encoded the same
information).
While the DiffTree is much more complex we were pleasantly surprised by how well participants could learn to interpret the display on
their own. By looking at the matching nodes on each view, and the
shape and color of the bullets, people were able to conclude that each
node on the DiffTree was representing the amount of change on that
node. The direction of the change was always understood correctly, by
commenting on the color and direction of the bullet. Some people focused solely on the color of the bullet and seemed to ignore the meaning of direction and size, while others guided themselves by the shape
alone and seemed to ignore the color. Since size and color encoded
the same information it was appropriate. Some participants had problems understanding the older color legend used in the study. Whereas
they only saw one number on the scale and did not guess that each
color represented an interval, other participants thought it was clear
and comprehendable. Participants had no problem understanding that
nodes being small and white meant that their value had not changed,
even in situations where a internal node had not changed but all of its
children had changed significantly (with the sum of the changes being
zero).
In the user study setup size and color encoded the same information,

but the meaning of the size of the bullets was not mentioned in the
legend. To our surprise four subjects assumed that the size represented
the percentage change while the color represented the absolute change.
This was an incorrect guess of the meaning of the visualization, but
we hope that including size coding at the top of the legend will fix this
misinterpretation. This suggests also that encoding both variables at
the same time might in fact be a good idea as a default encoding as it
fits the expectation of some users.
The topological differences (represented with a black or white thick
border), were usually unnoticed initially, but all users eventually recognized them. They didn’t seem to immediately understand what they
meant, but figured it out either by looking at the legend or by using
the coordinated views and noticing the node was missing in one of
the views. Some users suggested that labels in the legend could be
more meaningful e.g. "only in 2011" instead of "on the left only".
The black and white colors we used initially to denote the topological
changes were found confusing because white was already associated
with nodes without change. We later changed the coding of zero as
gray instead of white.
After the initial free exploration the participants were shown the
larger tree with 46 nodes and asked to find significant changes. All of
the subjects easily found many insights in the data. They followed a
fairly consistent process: they started by looking at the created and removed nodes, then pointed out the nodes with the biggest differences,
both negative and positive. Then most subjects took a step back to
describe the large overall negative or positive changes in the budget
between the two years. Finally some of the participants pointed out
the more subtle patterns (e.g. a node getting a big increase while all
the sibling nodes are being cut). Those who did not spontaneously find
those patterns were able to find them when asked to look for them.
We were curious how people might understand relative changes so
we asked participants to explain how they thought the relative percent
change was calculated. While they all had been able to read and interpret the absolute and relative differences correctly, more than half

q1

q2
Questions

q3

7
6
5
4
3

●

2

Answers: 1=Very Difficult, 7=Very Easy

MySocialTree User
Feedback Survey

1

6
5
4
3
2
1

Answers: 1=Very Difficult 7=Very easy

7

Usability Study
Questionnaire Results

m1

m2

●

●

m3

m4

Questions

Fig. 10. Usability Study questionnaire and MySocialTree user survey
responses.

Fig. 9. MySocialTree application allows users to navigate their Facebook
news feed using a tree. Users can select any node to display posts in
that group (i.e. posts from Close Friends that are Photos).

of the participants struggled to explain correctly how it was calculated
which confirms how complex the task of comparison can be. Finally
they were given the opportunity to review the operation and labeling
of the controls and suggest improvements.
After the test participants were asked three questions about the usefulness of TreeVersity:
q1: How useful do you think TreeVersity is to detect differences in
the budget.
q2: How effective do you think the colored Bullets are to codify the
changes.
q3: How useful do you find the three interconnected views to understand the changes.
The answers, were recorded on a 7 point Likert scale, were 1 was
"Not useful" and 7 "Very useful". The results shown Figure 10 on
the left, suggest that users found TreeVersity useful for the task of
comparing the Budgets.

call for participation in the survey was made trough the author’s personal Facebook page, and different university email lists, most of the
participants can be assumed to directly know the author and therefore
might have some type of bias in favor of this work.
The survey also included an open ended question, requesting more
feedback and comments. This question proved to be very informative,
because participants use it to express experience with MySocialTree
in a more open way. The responses for this question were overall positive and constructive. Participants submitted all sorts of comments,
ranging from the very excited and supportive of MySocialTree like:
"Great idea!", "...it was *really* nice to have that news feed grouped
in sensible way! It was fantastic to be able to tease out the posts..." and
"As a visualization, I think MySocialTree is neat and pretty. It is much
more organized than a simple list of posts...", to the very frustrated
like: "...the category nodes were not useful for me.", "...I am not sure
that it is offering me anything different than what Facebook already
provides through its list views." and "...I’m not sure exactly what this
does :-P". The wide range of responses received helped to validate the
results, and dismiss some of the risk that the participants were biased
towards the application.
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7.2

MySocialTree User Survey

MySocialTree included a small survey requesting feedback from users,
that with the following questions:
m1: How easy is for you to find the posts that matter the most to
you on the traditional Facebook Feed?
m2: How useful do you think MySocialTree can be for organizing
and browsing your Facebook posts?
m3: How easy was it for you to understand and navigate the tree?
m4: How likely would you be of using this MySocialTree in the
future to navigate your Facebook Feed?
m5: Any other comments, suggestions, bugs?
The answers were rated on a 7 point Likert scale, with the answers
ranging from 1: Very difficult/Not useful/Not likely to 7: Very easy/Very
useful/Very Likely. The survey was completed by 15 of the 47 users of
the application between December 9th and 13th 2011; their responses
are summarized on the right side of Figure 10. According to the responses, q1 seems to indicate that users find it difficult to identify the
important posts in the traditional Facebook news feed (75% of the responses where less than 5, between "somehow easy" and neutral). According to q2 and q3 most users (more than 75%) found MySocialTree
useful (only one person responded less than 4) and easy to understand,
while on q4 more than 50% of the users expressed that they would be
likely to use the application in the future.
No personal information was collected from the participants, however since the announcement of availability of the application and the

C ONCLUSIONS

We present TreeVersity, a novel interactive visualization that gives
users powerful tools to detect both node value changes and topological
differences. We believe that our new approach allows users to easily
identify differences between trees, see patterns and spot exceptions. A
usability test confirmed that even without training users could operate the interface and understand the visual encodings embedded in the
bullet glyph. Two case studies analyzing the US Federal Budget and
airlines maintenance budgets were presented, illustrating TreeVersity
functionalities. Moreover we illustrated that TreeVersity is generalizable and effective in different domains through MySocialTree, an
application of the visualization techniques in a different platform and
problem domain. A user survey revealed that users found MySocialTree easy to understand and useful.
The problem of comparing trees is very challenging when there
are many nodes and levels and a large number of created and deleted
nodes. Dealing with labels and with skewed distributions of absolute
and relative distribution changes will also require special attention.
Additional user studies will be needed to guide TreeVersity designs
regarding how much information can be displayed at a time.
Current work includes comparisons of incident management statistics between state transportation agencies, as well as studying the tendencies in the number of articles per topic in transportation publications over the years. Future work includes comparing collections of
trees and generating reports that guide users through the most important differences between the trees.
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