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Spotting #California Condors at Vermilion Cliffs Nat'l Monument - 
Save the Condor, use unleaded ammunition! #Arizona 
7:50 PM - 25 Aug 2014
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 John
 McCain,
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 opposes
 mandatory
 bans
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 lead
 ammunition.

On July 30, 2013, Sen. John McCain placed a call to the Bureau of Alcohol, Tobacco and Firearms
(ATF) asking to speak to acting director B. Todd Jones. McCain wanted to talk about condors.

Jones didn't come to the phone, in spite of — or maybe because of — the fact that his nomination of
the besieged agency was coming for a vote before the Senate the following day. McCain was a key
player: He had helped broker a deal with Senate Majority Leader Harry Reid, D-Nev., to end the
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A visualization design study
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though the path from 
initial prototype to 
adoption may be 
long…  

…you can learn what 
works… and what 
doesn’t.
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A full-text visualization of the Iraq War Logs.  
Jonathan Stray, Associated Press (Dec. 2010)
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cancer N=683 H=9 shuttle big N=43,500 H=9 grid N=10,000 H=8 docs N=28,433 H=28,374

Glimmer

0.22 s stress=0.027 1.99 s stress=0.00675 0.59 s stress=1.67e-4 2.11 s stress=0.157

Hybrid

0.234 s stress=0.093 18.41 s stress=0.03 6.84 s stress=0.275 15.08 s stress=0.358

PivotMDS

0.14 s stress=0.194. 0.77 s stress=0.403 0.26 s stress=0 1.07 s stress=0.928

Fig. 8. MDS layouts showing visual quality, time, and stress for the Glimmer, Hybrid, and PivotMDS algorithms. Dataset name, number of nodes (N), and
number of dimensions (D) appear above each column. Time in seconds appears at the bottom left of each entry, with normalized stress on the bottom right.

cluster is split into three parts. It took approximately 2 seconds
with normalized stress of 0.157. Hybrid suffers from cluster
occlusion. The stress is nearly twice as high as Glimmer, and
the spatial embedding does not clearly separate any of the given
clusters. PivotMDS is very fast, but almost completely fails to
show the dataset structure. The normalized stress value of 0.928
is extremely high.

3) Speed and Stress: We use the synthetic grid dataset and
parameterized random permutations of shuttle and docs to
compare algorithm speed and accuracy across a large interval of
dataset cardinalities.

The timings in Figures 9abc all exhibit the same pattern of three
equivalence classes. The first and slowest class of algorithms are
the foundational algorithms: Classic in pink, SMACOF in blue,
and Chalmers in orange. These algorithms all show timing curves
that are quadratic or worse. Assuming enough computational
resources were present, completion time on large datasets of
100,000 points or more for these algorithms would be on the
order of many hours or even days. The second class of algorithms
are Hybrid and GlimmerCPU. These algorithms terminate in
approximately one minute on very large datasets of 100,000
points. The final and fastest class of algorithms are Glimmer

and PivotMDS. These algorithms have a much smaller slope
compared to the other classes, requiring only a handful of seconds
to compute layouts of approximately 100,000 points.

The stress measurements in Figures 9def, with log-scale vertical
axes, each exhibit a different pattern depending on the dataset.
We have placed dashed lines on the graphs to roughly delineate
the boundary where the visualization goals for each dataset are
satisfied (below) and where they are not (above). We determined
the positions of these lines empirically by computing layouts with
different stress values and making qualitative judgements about
their visual structure. We used the criteria discussed in Section V-
B.1: regularity for grid, and cluster structure for shuttle
and docs. We characterize an algorithm as outperformed by
a competitor when the algorithm’s average stress across dataset
cardinalities falls above this line, even if the competitor is slower.

All the algorithms satisfy the visual quality test for the shuttle
dataset. For grid, the Hybrid algorithm in green regularly
results in a distorted grid above the dashed line. The remaining
algorithms all regularly produce layouts with no visible distortion.
Chalmers, PivotMDS, and Classic all produce zero-stress layouts,
so are not visible on the graph because they coincide with
the horizontal axis. In the case of docs, where the intrinsic

Glimmer MDS: fast & scalable DR   
Ingram et al. InfoVis 2009



Matthew BrehmerIEEE InfoVis - Nov 14, 2014 8

data abstractions

PAUL RYAN
1ST DISTRICT, WISCONSIN

COMMITTEE ON
WAYS AND MEANS

WASHINGTON OFFICE:
1217 LONGWORTH HOUSE OFFICE BUILDING

WASHINGTON. DC 20515-4901
(202)225-3031

FAX: (202)225-3393

TOLL-FREE: 1-888-909-RYAN
INTERNET: WWW.HOUSE.GOV/RYAN

Congress of tfje Umteb S>tate*
of JUpregentattoesf

C 20515-4901

July 22, 2002

SUBCOMMITTEE ON SOCIAL SECURITY

SUBCOMMITTEE ON
SELECT REVENUE MEASURES

JOINT ECONOMIC COMMITTEE

Secretary Ann Veneniali
U.S. Department of Agriculture
1400 Independence Ave., S.W.
Washington, D.C., 20250

Dear Secretary Veneman:

35-42O3376
FNS

I am writing to express my support for the Kenosha Achievement Center's (KAC) grant
proposal for the Food Stamps Access Research Program, which was submitted to the U.S.
Department of Agriculture. I am pleased to inform you that their project will identify and
document the factors that make access to the food stamps process difficult, and use a research
model to implement practical means to overcome these obstacles. The Kenosha County Food
Stamps Access Research Program will allow KAC and its partners to research methods that use
technology to assist people with a pre-screening process for food stamps eligibility, while
promoting nutritional support as the theme of Food Stamps.

I have reviewed the grant proposal that KAC has submitted, and I am confident that they
would make effective use of the funds that they would receive from the U.S. Department of
Agriculture. Their proposed program will insure that all eligible persons in the county are made
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Program by providing laptop computers with touch screens to community organizations for pre-
screening of applicants for food stamp eligibility.

•- ' i ; '. '' • i *. f f

I support KAC's application for this Food Stamps Access Research Grant and would
appreciate it if you and appropriate USDA officials would carefully review the grant proposal
submitted by KAC and give it your full consideration. Again, thank you for your careful
consideration of this request. Please do not hesitate to let me know if you have any questions or
concerns. I look forward to receiving your response to this grant application.
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http://bigstory.ap.org/article/venezuela-chavez-era-reporters-view

AP Caracas bureau chief 
Ian James  
(with Hugo Chavez, 2007)

“exploring” the wikileaks cables 
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overview v.2 (desktop app), 2012

Q: could the 
use of 
Overview lead 
to a published 
story?
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overview v.2 case studies, 2012

Document 
Collection

Question

Outcome

CASE STUDY #1

666 reports (4,500 pages) from FOIA

What incidents involved security 
contractors during Iraq war?

Summarized prevalence of document 
categories

CASE STUDY #2

5,996 emails from FOIA

Were municipal police funds 
mismanaged?

Located evidence supporting 
hypothesis
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overview v.3 (WEB app), fall 2012
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overview v.3 evaluation, 2013NewsBeast  Labs

The other month, we asked readers why they did or did not own guns. Here’s  the
post  on  the  creation  of  that. We ended up getting over 1,500 responses, and our
readers were largely thoughtful in what they wrote. Before we launched this project,
we didn’t know how our audience would break down into gun owners and non-gun
owners, and whether we would get the usual talking points from each side or hear
new points of view. We fortunately did see a lot of interesting stories and patterns.
But uncovering those trends in over a thousand responses in only a few days was a
challenge. Reading through every response on deadline was unfeasible, so we had a
machine do it. 

The idea of using natural language processing to make sense of a large number of
reader comments came from Blair Hickman, Social Media Producer at ProPublica and
we ended up using the Overview Project a natural language processing tool
developed by the Associated Press (screenshotted above). You can read more about
the technicals of how it works here but generally, it looks for clusters of related words
and groups them together in that tree layout you see. 

Some interesting trends (Read  the  analysis  with  selected  comments) that surfaced
were a group of comments about how growing up with guns influenced people to
both own and not own guns later in life. Many people framed their non-ownership of
guns around their lack of a need and the algorithm found this cluster around phrases
with “need” in them. Viewed in this light, many gun owner responses can be seen as
implicitly responding to this prompt, explaining their clear, pragmatic need for gun
ownership such as hunting, protection in rural areas or many others we included.
Overview also brought out repeated comments that had variations on the phrase
“When seconds count, police are minutes away,” a similar need for self-protection or
a desire for self-reliance, depending on how you interpret it.

A number of readers discussed how their association with the military sometimes led
them to be comfortable with firearms or, in many cases, the opposite. As one person
put it: “As an army officer I came to realize many guns are tools created with a main
purpose of killing. I don’t hunt and I don’t target shoot. No need for a gun.”

The clustering algorithm also grouped comments related to how experiences with
family members committing suicide led people to not own guns, as well as religion.

02/12/13

Notes and images from an ever-
growing digital newsroom.

Newsweek & The Daily Beast

Contributors: 
Brian Ries, Sam Schlinkert, Andrew Sprouse, Lynn
Maharas, & Clarisa Diaz 

Formerly: 
Michael Keller

Search

view
 archive

FollowFollow
 
 newsbeastlabsnewsbeastlabs

+ think-aloud 
evaluation 
with 5 
journalists

Michael Keller
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CASE STUDY #6

Document 
Collection 1,680 proposed and passed bills

Question Did the NY state legislature fail to pass any bills 
addressing police misconduct?

Outcome Proved non-existence of evidence

overview v.4 adoption

finalist for 
2014 
Pulitzer 
Prize in 
journalism

requirements

design

context of use

evaluation

deploy
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4 versions, 6 case studies

CS1

CS2

CS3

CS4

CS5

CS6

S. Ingram, T. Munzner, & J. Stray / Hierarchical Clustering and Tagging of Mostly Disconnected Data

Figure 7: The journalist found a cable alleging Iranian plans to ship unmanned aerial vehicles to Venezuela.

The journalist found several topics that he had not pre-
viously found through unassisted inspection of the dataset,
including arms shipments to Ecuador. He noted that the ap-
plication allowed him to quickly spot subject areas that could
be of greater news interest, such as information on Colom-
bian rebels. The tool also helped him find several interesting
individual documents, for example claims that Chavez was
giving millions to a particular Jamaican politician’s election
campaign, and the cable alleging Iranian plans to ship un-
manned aerial vehicles to Venezuela shown in Figure 7.

6. Conclusions and Future Work

In this paper we focus on evoking an intuitive sense of the
modisco property and how it relates to real-world datasets
of interest, rather than formal mathematical definitions. We
show empirically that the vector space representation of doc-
ument sets has the modisco property, and argue that all very
high dimensional datasets do; we conjecture that some lower
dimensional ones do as well. While the modisco property is a
problem for multidimensional scaling algorithms, interpret-
ing these distances as disconnection allows us to produce a
an efficient O(N) clustering algorithm, the DiscoTree. The
algorithm remains O(N) if run on non-modisco datasets but
would yield a poor quality clustering.

One next step would be to further define the boundaries
of what datasets have modisco characteristics both empiri-
cally and theoretically. We show results specifically for nat-

ural language documents, but it would be interesting to test
our ideas on non-linguistic corpora such as image, video,
or audio collections. It may also be possible to modify ex-
isting DR algorithms to work better with this class of data.
Conversely, extending the DiscoTree sampling algorithm to
work on arbitrary distance metrics would also be useful.

It remains to explore the relationship between the Dis-
coTree, which clusters documents directly in the vector
space representation, and the topic modeling algorithms
widely employed in document set analysis. Such algorithms
amount to dimensionality reduction in that they represent
each document as a convex mixture of extracted topics
[Ble11], often used as a space of intermediate dimensional-
ity before projecting to 2D, as in Österling et al. [OST⇤10].

Because categorization is semantically complex and ap-
plication specific, we define the document set exploration
task as computer-assisted human categorization. We present
the MoDiscoTag application for this task that combines a
DiscoTree view and a traditional MDS view. We validate
with two complex, real-world datasets from the journalism
domain: subsets of the diplomatic cables and Afghan war
logs from WikiLeaks. It could be interesting to extend the
MoDiscoTag application to incorporate alternate hierarchi-
cal clustering approaches, to compare them directly with
the DiscoTree. Also, while the DiscoTree algorithm is O(N)
time and should scale to very large data sets, the proof-of-
concept MoDiscoTag user interface will not scale to more
than a few tens of thousands of items due to screen space

c� 2012 The Author(s)

v1 v2

v3 v4
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4 versions, 6 case studies

Case Study #1 #2 #3 #4 #5 #6

Document 
Collection

4,500 pages 
from FOIA

5,996 emails 
from FOIA

8,680 pages 
from FOIA

1,278 survey 
comments

4,653 emails 
from FOIA 1,680 bills

Question

What did 
security 
contractors 
do during Iraq 
war?

Were 
municipal 
police funds 
mismanaged?

Were Paul 
Ryan’s 
campaign 
statements 
hypocritical?

What is the 
gun 
ownership 
debate 
about?

Was gov’t 
response to 
emergency 
incident 
effective?

Did gov't pass 
bills 
addressing 
police 
misconduct?
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“explore” is not a 
well-defined task

image: 

LESSON #2

image: commons.wikimedia.org
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Brehmer & Munzner: “A multi-level typology of abstract visualization tasks” (IEEE TVCG / InfoVis 2013).

VIS TASK ANALYSIS
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Brehmer & Munzner: “A multi-level typology of abstract visualization tasks” (IEEE TVCG / InfoVis 2013).
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T1: generate hypotheses 
→ explore → summarize 
case studies 1, 4
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T1: generate hypotheses 
→ explore → summarize 
case studies 1, 4

T2: verify hypotheses 
→ locate → identify 
case studies 2, 3, 5, 6
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tree vis + tagging 
more effective 

than scatterplot
image: 

LESSON #3
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their frequency, common terms such as “data” and
“visualization” represent many clusters, which likely is
not useful. The Cluster View provides a word frequency
slider (left, lower center) for the investigator to interactively
modify to show either more common or more unique terms
affiliated with each cluster. Bill moves the frequency slider
to the right, thus labeling clusters with terms more unique
to that cluster. The resulting cluster labels represent
important topics in these areas including toolkits, treemaps,
text, animation, parallel coordinates, social networks, 3d,
and databases (Fig. 2, right).

Bill is curious which clusters his friend Daniel Keim’s
papers fall into. He applies cross-view selection and
filtering [65], one key capability of Jigsaw. It can, for
example, show the topics (clusters) in which an author
publishes simply by selecting that author in any other view.
Selecting Keim in the List View (Fig. 2, left) immediately
updates the Cluster View (Fig. 2, right) and highlights
(yellow circles around document rectangles) the papers
Keim has authored. As shown in the figure, his work is
relatively focused with five papers each in the “dimensions,
coordinates, parallel” and “text, features, topic” clusters,
and eight other papers scattered among six other clusters.
Knowing Keim’s research, Bill is quite surprised to see none
of his papers in the cluster with “database” as a descriptive
word. He decides to load all of Keim’s papers into a
Document View to examine them more closely.

The Document View (Fig. 4) presents a list of documents
(left) with the selected (yellow highlight) document’s text
and related information presented to the right. Below the
text are the associated entities, and above the text is the one
sentence summary of the document computed by Jigsaw’s
summary analysis (described in Section 5.2). The word
cloud at the top shows the most common words (with
highlighted keywords and concepts) in the abstracts of
these loaded papers. Bill reviewed all the papers quickly

and noticed that indeed none were about database research.
He grows a little concerned about whether these confer-
ences would be a good fit for his paper.

Next, Bill wants to understand the evolution of topics in
the conferences over time to learn which have waned and
which have been growing in importance recently. To do so,
he selects the first four years (1995 to 1998, all InfoVis) in the
List View and notices strong connections to the “internet”,
“toolkit,” and “3d” clusters in the Cluster View; addition-
ally, the List View shows strong connections to the concepts
interaction, case study, navigation, and animation, with the
concepts network and graph as the sixth and seventh most
frequent. Selecting the most recent four years (2008 to 2011,
both InfoVis and VAST) illuminates strong connections to
multiple clusters but only connections to one document in
the “3d” cluster and to two documents in the “internet”
cluster. These topics clearly have waned over time. The
terms graph and network are each in the top five connected
concepts; thus, Bill sees how they have remained strong
notions throughout the history of the conferences.

Bill next wants to better understand how the two
conferences differ, so he explores the key concepts and
ideas in each. He selects each conference, one at a time, in
the List View and observes the connections. Among the 10
most common concepts for each conference, five terms
appear in both: interaction, network, evaluation, graph, and
case study; the five other unique terms for InfoVis are
overview, hierarchy, color, navigation, and experiment, and for
VAST are visual analytics, text, collaboration, clustering, and
insight. As shown in Fig. 5, VAST papers (far fewer in
number) occupied more than half of the “analytics,
anomalies, detect,” “video, explorer, stories,” and “colla-
borative, uses, framework” clusters. These simple interac-
tions help Bill begin to understand the subtle differences in
the two conferences. His work still appears to fit well into
either, however.

To learn more about the papers potentially related to his
own work, Bill uses cross-view filtering in an opposite
manner as he did earlier. He selects an entire cluster in the
Document Cluster View and observes the resulting connec-
tions in the List View. For example, selecting the potentially
related “network, graph, social” cluster shows that Shneider-
man, Fekete, Henry Riche, McGuffin, Perer, and van Wijk are
highly connected authors to its papers. Another potentially

GÖRG ET AL.: COMBINING COMPUTATIONAL ANALYSES AND INTERACTIVE VISUALIZATION FOR DOCUMENT EXPLORATION AND... 1653

Fig. 4. Document View showing all the papers authored by Keim. Above
the selected document’s text (right) is a one sentence summary and
below are the affiliated entities. The word cloud (top) summarizes all
documents loaded in the view.

Fig. 5. Document Cluster View with the VAST Conference papers
highlighted. Note the clusters where they provide a strong presence.
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ABSTRACT 
 
The InfoSky visual explorer is a system enabling users to 

interactively explore large, hierarchically structured document 
collections. Similar to a real-world telescope, InfoSky employs a 

planar graphical representation with variable magnification. 
Documents of similar content are placed close to each other and 

displayed as stars, while collections of documents at a particular 
level in the hierarchy are visualised as bounding polygons. 

Usability testing of an early prototype implementation of 
InfoSky revealed several design issues which prevented users 

from fully exploiting the power of the visual metaphor. 
Evaluation results have been incorporated into an advanced 

prototype, and another usability test has been conducted. A 
comparison of test results demonstrates enhanced system 

performance and points out promising directions for further work. 
 

CR Categories: H.3.3 [Information Search and Retrieval]: Search 
Process; I.3.6 [Methodology and Techniques]: Interaction 

Techniques 
 

Keywords: information visualisation, navigation, document 
retrieval, hierarchical repositories, knowledge management, 

information management, force-directed placement, Voronoi. 

 

1 INTRODUCTION 
 
In reaction to the steadily growing amount of information in 
corporate intranets as well as on the word-wide web, structuring is 

applied to an increasing number of document repositories. 
Unfortunately, the deep classification hierarchies used to organize 

document collections containing millions of items cannot be 
easily navigated and searched using existing visual retrieval tools, 

which are often tailored towards flat repositories containing 
several thousands of documents at most. Important concepts of 
information visualisation, like seamless transition between 

overview and detail view, do not easily scale to the amount of 
data future repositories are likely to contain, and many metaphors 

working well for today’s flat repositories cannot easily be applied 
to hierarchies.  

The InfoSky visual explorer has been designed and 
implemented with these challenges in mind. A patented method 

exploits hierarchical structure for performance optimisation, 
generating a similarity-based 2D-layout for millions of documents 

in thousands of collections. The night sky is used as a 
visualisation metaphor, and user interaction is designed around 

the idea of providing a virtual telescope. Employing these 
concepts, InfoSky addresses the following main challenges: 

 
� Hierarchy plus similarity: Represent both the hierarchical 

organisation of documents and inter-document similarity 
within a single, consistent visualisation. 

� Focus plus context: Integrate both a global and a local view 
of the information space into one seamless visualisation. 

� Stability: Use a stable metaphor which promotes visual recall 
and recognition of features. The visualisation should remain 
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themes. We are also developing novel techniques for topic
detection based on association rules that support progres-
sive coverage of maps, some of which are already available
in the system.

The functionalities provided allow one to explore the
News maps to locate pockets of subjects (themes) that were
highly popular during the two days in which the news cor-
pus was collected (late April, 2006). The major news (iden-
tified in the map in Figure 4) were: the ‘bird flu’ (a swan
found dead in Great Britain and later confirmed to have the
disease), discussions on White House leaks on Iraq, Iraq
bombings, Elections in Peru, Trial on ‘Da Vinci Code’, dis-
cussion of Palestinian aid after Hamas victory, immigration
laws discussed in USA senate, and so on, as indicated by
the labels.

Two further examples illustrate PEx’s functionalities to
map and explore multidimensional data, departing either
from computed data similarity relationships (expressed as
a distance matrix), or from attribute-value tables. In either
case the map reflects similarity amongst data elements by
neighborhood in 2D space.

Figure 5 presents a projection of a time series data set
that describes stream flow measurements taken at differ-
ent power plant reservoirs located on the Paraná river basin
(Brazil) along year 2005. A distance metric suitable for
time series was employed to compute similarity between
series of different reservoirs, and the projection was created
with the IDMAP technique. Node colors identify geograph-
ical position of the plant in the different river sub-systems
that comprise the whole basin. Their distribution suggests
that stream flow behavior of geographically close reservoirs
is, in most cases, very similar, which was confirmed by a
specialist.

Figure 6 illustrates the exploration of a table data
set containing information on the Human Develop-
ment Index of countries worldwide, for year 2006,
made available in the Human Development Report 2006
(http://hdr.undp.org/hdr2006/statistics/) of the United Na-
tions Development Programme. It includes comparative
measures of life expectancy, literacy, education, and stan-
dard of living – in total eight variables measured for 177
countries. The HDI indicates whether a country is a devel-
oped, developing, or underdeveloped country and also pro-
vides a measure to assess the impact of economic policies
on quality of human life. Two different maps were built
from this data, one using the LSP (Figure 6(a)), and the
other using the IDMAP technique (Figure 6(b)). All data
attributes, except the UN assigned index, were used to gen-
erate the maps. Both projections clearly reflect groups of
countries with similar quality of life, in close consonance
with the UN index value, mapped to color. By coordinat-
ing user selection on both maps (user selected nodes in the
LSP map, outlined in black, are also highlighted in the other

(a) Highlighting news contain-
ing words ‘full’ and ‘details’

(b) News map after removal of documents high-
lighted in Figure 4(a). Cluster labels displayed

(c) Selecting and labeling groups of news.

Figure 4. Further exploring maps of the News
data

workstation is constructed using 8 30-inch displays, driven by a 
single node, providing a total workspace resolution of 10,240 x 
3,200 pixels. The curvature allows easy access to all areas via 
physical navigation, such as chair rotation [32, 33].  

The dataset used for this study is an analysis exercise called 
Atlantic Storm developed for the purpose of training and evaluating 
intelligence analysts, as well as analytic tools. The dataset consists of 
111 text intelligence reports containing a fictitious terrorist plot. 
Using LingPipe [27] to extract keywords (i.e., entities) from these 
documents, 294 unique entities occurring more than once in the 
dataset were extracted (singletons were removed). The choice to use 
this dataset is based on the ability to have a realistic dataset, 
containing a known ground truth against which to compare the 
findings of the users, while requiring no detailed domain knowledge 
beyond English reading comprehension and creativity.  

4.2 Data Collection and Analysis 
ForceSPIRE has the ability to log the soft data used for semantic 
interaction. For the purpose of this study, this gives us a record of 
every interaction performed by the user, as well as how the system 
interpreted the interaction in context of the dataset. For example, 
when a user highlights a phrase, the soft data shows us when the 
highlight occurred, what the text is, in which document, as well as 
what entities’ weights changed, and what the new weights are.  

The users were asked to provide us with verbal feedback 
throughout their process. In a post-study interview, subjects 
explained their findings, the resulting spatialization, and insights 
about their process that may have been missed during the think-aloud 
protocol. Video recordings and screenshots were also taken during 
each task for post-study analysis. 

4.3 Procedure 
This study consisted of observing 6 computer science graduate 
students. The age of the participants ranged from 27 to 38, with an 
average age of 30. 

Each participant was given a brief overview of ForceSPIRE, 
using a practice dataset, for the purpose of making each user familiar 
with how ForceSPIRE and the supported semantic interactions 
function. Upon informing us that they were comfortable, each user 
was given verbal instructions on their task. Each user was given the 
same initial view of the Atlantic Storm dataset in ForceSPIRE as a 
starting point. We informed the participants that they had a 
maximum of 90 minutes to analyze the dataset, after which they will 
be debriefed regarding their investigation. They were allowed to 
finish early if they felt they were finished before time expired.  

5 RESULTS 
The success of a visual analytic tool hinges on the ability to provide 
support during the analytic process, as well as a meaningful 
representation of the user’s findings. Thus, the results of this study 

are presented in terms of the analytic process and product. The 
analytic process describes how the semantic interactions within 
ForceSPIRE were used during the analysis, how the corresponding 
model and spatialization updates benefitted the users, and how the 
soft data mapped to each user’s process. The analytic product details 
how the findings of each user are represented in the final 
spatialization, as well as the final weighting of keywords. 

5.1 Analysis of Process 
Each user’s process was different, and thus utilized semantic 
interaction differently (Table 2). However, the analysis of each 
user’s process reveals general usages of each semantic interaction. 
To address the research questions, we present the analysis of the 
processes of the users in terms of usage (how and when they used 
each semantic interaction), reasoning (what was their purpose for 
interacting, sensemaking or model steering), impact on weighting 
scheme (how the updated weighting scheme coincided with their 
reasoning process), and impact on spatialization (how did the 
updating spatialization benefit their analysis). 

5.1.1 Semantic Interaction Usage 
Performing a spatial analysis of data focuses around rearranging 
documents and creating spatial constructs or clusters [17, 34]. As 
such, pinning and document movement (both exploratory and 
expressive), were the fundamental methods of exploring the dataset. 
Pinning documents to absolute positions in the spatialization was 
used to create “spatial landmarks”. That is, users pinned a document 
to a specific location in the layout to create (and maintain) meaning 
of a specific region of the spatialization. Based on these landmarks, 
document movement was used to organize the spatialization based 
on the user’s intuition. For example, User3 pinned a document 
mentioning “Nassau” in a specific location. From there, he placed 
other documents related to “Nassau” nearby, and also quickly re-
acquired these documents when needed. 

Highlighting was used mostly while reading a document to 
indicate terms or phrases that “stood out”. These highlights were 
beneficial to users to produce visual and cognitive aids. The 
highlighted phrases (mostly single words and fragments of 
sentences) helped remind users of what information was important in 
a document when re-acquiring the document later. User6 was the 
only user who did not perform any highlighting during his 
investigation, simply stating that he “did not feel a need to.” 

Search was used to find other documents containing a term of 

Table 2. Semantic interaction counts during each userʼs analysis. 

 
User 

 Interaction: 1 2 3 4 5 6 Total 
Search 13 32 37 14 38 21 155 

Highlight 47 58 12 10 5 0 132 
Expressive 
Movement 45 76 47 62 26 27 283 

Exploratory 
Movement 41 102 64 26 98 43 374 

Annotation 3 40 3 0 0 0 46 
Total 149 308 163 112 167 91  

 

Table 3. Number of entities added via semantic interaction during 
each userʼs investigation. The majority of these new entities (92%) 
maintained a weight above 0 throughout their process. 

 
User 

  1 2 3 4 5 6 

Entites Added 43 62 35 13 15 10 

Weight > 0 38 54 35 13 14 10 
 

 
Fig. 3. The 32 megapixel large, high-resolution display used in 
this study. 
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Figure 7: The journalist found a cable alleging Iranian plans to ship unmanned aerial vehicles to Venezuela.

The journalist found several topics that he had not pre-
viously found through unassisted inspection of the dataset,
including arms shipments to Ecuador. He noted that the ap-
plication allowed him to quickly spot subject areas that could
be of greater news interest, such as information on Colom-
bian rebels. The tool also helped him find several interesting
individual documents, for example claims that Chavez was
giving millions to a particular Jamaican politician’s election
campaign, and the cable alleging Iranian plans to ship un-
manned aerial vehicles to Venezuela shown in Figure 7.

6. Conclusions and Future Work

In this paper we focus on evoking an intuitive sense of the
modisco property and how it relates to real-world datasets
of interest, rather than formal mathematical definitions. We
show empirically that the vector space representation of doc-
ument sets has the modisco property, and argue that all very
high dimensional datasets do; we conjecture that some lower
dimensional ones do as well. While the modisco property is a
problem for multidimensional scaling algorithms, interpret-
ing these distances as disconnection allows us to produce a
an efficient O(N) clustering algorithm, the DiscoTree. The
algorithm remains O(N) if run on non-modisco datasets but
would yield a poor quality clustering.

One next step would be to further define the boundaries
of what datasets have modisco characteristics both empiri-
cally and theoretically. We show results specifically for nat-

ural language documents, but it would be interesting to test
our ideas on non-linguistic corpora such as image, video,
or audio collections. It may also be possible to modify ex-
isting DR algorithms to work better with this class of data.
Conversely, extending the DiscoTree sampling algorithm to
work on arbitrary distance metrics would also be useful.

It remains to explore the relationship between the Dis-
coTree, which clusters documents directly in the vector
space representation, and the topic modeling algorithms
widely employed in document set analysis. Such algorithms
amount to dimensionality reduction in that they represent
each document as a convex mixture of extracted topics
[Ble11], often used as a space of intermediate dimensional-
ity before projecting to 2D, as in Österling et al. [OST⇤10].

Because categorization is semantically complex and ap-
plication specific, we define the document set exploration
task as computer-assisted human categorization. We present
the MoDiscoTag application for this task that combines a
DiscoTree view and a traditional MDS view. We validate
with two complex, real-world datasets from the journalism
domain: subsets of the diplomatic cables and Afghan war
logs from WikiLeaks. It could be interesting to extend the
MoDiscoTag application to incorporate alternate hierarchi-
cal clustering approaches, to compare them directly with
the DiscoTree. Also, while the DiscoTree algorithm is O(N)
time and should scale to very large data sets, the proof-of-
concept MoDiscoTag user interface will not scale to more
than a few tens of thousands of items due to screen space

c� 2012 The Author(s)
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(ATF) asking to speak to acting director B. Todd Jones. McCain wanted to talk about condors.

Jones didn't come to the phone, in spite of — or maybe because of — the fact that his nomination of
the besieged agency was coming for a vote before the Senate the following day. McCain was a key
player: He had helped broker a deal with Senate Majority Leader Harry Reid, D-Nev., to end the

All  Technology  Policy  Investigations  Multimedia

 � � � �

BLOG TOOLS APIS POLICY ISSUES PRESS ABOUT CONTACT JO INDONATE

by  Nancy  Watzman

Private memo reveals winding tale involving John McCain,
the NRA and ... condors

SEPT. 18, 2014, 1:59 P.M.

Tweet 27 288Like
Guns
 in
 America
Lock,  stock,  cash

and  influence

Private memo reveals
winding tale involving John
McCain, the NRA and ...
condors

Big guns, big money and
California

Want to buy a machine
gun without a background
check? Federal law allows
it — for now

One year since Sandy
Hook, has the NRA made
any progress on its plans
to curb gun violence?

Did NRA silence help win
passage of plastic gun
ban?

Follow the gun money with
Sunlight tools

Did guns beat money in
Colorado recalls?

On gun control, states are
where the action is

Explore gun influence state
by state

Gun law nullification efforts
fade as specter of federal
gun laws retreats

Barrage of political



Matthew BrehmerIEEE InfoVis - Nov 14, 2014

image: commons.wikimedia.org

34

supplemental material



35

the design, re-design, deployment, adoption, analysis, re-
design, deployment, adoption, analysis, re-design, deployment, 
adoption, and analysis of a visual document mining tool for 
investigative journalists: a visualization design study

Matthew Brehmer

IEEE InfoVis
Nov 14, 201

Stephen Ingram

Jonathan Stray

Tamara Munzner 



Matthew BrehmerIEEE InfoVis - Nov 14, 2014

why?

present discover
generate / verify enjoy

lookup

locate

browse

explore

produce

identify compare summarize

target known target unknown

location unknown

location known

query

consume

search

how?

annotate

import

derive

record

select

navigate

arrange

change

filter

aggregate

encode

manipulate introduce

what?

[ input ] [ output ]

36

VIS TASK ANALYSIS

Discussion:
Case Study

Comparison

32

input: low-
dimensional data

input: cluster 
hierarchy

output: clusters 
of related docs

out: scatterplot, 
tree visualizations

encode

navigate

aggregate

+

+

discover
verify

explore

identify
produce

derive aggregate+

input: high-dim. 
distance matrix

output: cluster 
hierarchy

produce

derive

input: high-dim. 
distance matrix

output: low-
dimensional data

produce

annotate

input: clusters 
of related docs

output: tags for 
these clusters

task 1b

task 1a task 2 task 3a

in: tagged 
clusters

out: 
"important" 

docs

navigate

select
+

discover
verify

browse

identify

task 4

select
+

produce

annotate

in: "important" 
docs

out: notes for 
these docs in 

DocCloud

task 5

* aggregate: Wade made 
use of different multiple 

tree node pruning levels to 
identify clusters

record+

input: 
scatterplot output: outliers

+
select

discover

explore

identify

navigate

task 3b

Wade was interested in 
all clusters, not a subset

iterative tagging and 
outlier detection

tags were 
saved 

across 
sessions

"important" tag cross-
cutted clusters 

Wade used  
embedded 
DocCloud 
viewer

input: low-
dimensional data

input: cluster 
hierarchy

output: clusters 
of interest

out: scatterplot, 
tree visualizations

encode

navigate

select

+

+

discover

explore

identify
produce

derive aggregate+

input: high-dim. 
distance matrix

output: cluster 
hierarchy

produce

derive

input: high-dim. 
distance matrix

output: low-
dimensional data

produce

annotate

input: clusters 
of interest

output: tags for 
these clusters

how?

why?

what?

le
ge

nd

task 1b

task 1a task 2 task 3

input: low-
dimensional data

input: cluster 
hierarchy

out: clusters of 
Ryan 

correspondence

out: scatterplot, 
tree visualizations

encode

navigate
+

+

discover
refine, verify

locate

identify
produce

derive aggregate+

input: high-dim. 
distance matrix

output: cluster 
hierarchy

produce

derive

input: high-dim. 
distance matrix

output: low-
dimensional data

produce

annotate
in: clusters of 

Ryan 
correspondence

task 1b

task 1a task 2 task 3

out: statements 
supporting 
hypothesis

navigate

select
+

discover
verify

browse, locate

compare

task 4

select

task 2a-d
out: clusters of 

Ryan 
correspondence

* (task 2 for partial datasets)

+
filter

in: compiled 
campaign 
statements

in: docs 
tagged "Ryan 
correspond…"

out: notes for 
these docs in 

DocCloud

out: tag for 
those clusters

Gillum was 
interested in a 
small subset of 
clusters

Gillum performed 
annotation in embedded 
DocCloud viewer

“Overview supports the task of producing a set of tags for semantically related documents as a new categorical 
attribute, using clusters of documents as scaffolding for the discovery process. Tags are assigned to clusters by 
means of annotation. However, one must first explore visualizations of the document space and identify clusters 
of interest. The user is presented both with two linked visualizations, one in which documents are encoded as 
points in a scatterplot, and another in which clusters of documents are encoded in a hierarchical tree layout. 
Identifying clusters is facilitated by navigating and selecting clusters in both visualizations; upon selection, 
frequent document or cluster terms and raw individual document text are shown in secondary displays. This task 
too has a dependency on the result of an earlier task. Before the the data is encoded in the two visualizations, a 
set of two-dimensional distances between documents must be produced: they are derived and aggregated from 
the original high-dimensional distance matrix using a multidimensional scaling algorithm.”

input: cluster 
hierarchy

encode

navigate

aggregate

+

+

discover
generate

explore

identify

output: clusters 
of similar topics

out: tree 
visualizations

+
select

produce

derive aggregate+

input: high-dim. 
distance matrix

output: cluster 
hierarchy

task 1a task 2a

input: clusters 
of similar topics

output: 
representative 

quotes

select

discover
refine

browse

identify

task 3a

navigate
+

produce

record

representative 
quotes

task 4

task 1b

task 3b

task 2b

Responses from 
Gun owners

Resposnes from 
non gun owners;
Identical to task 1a

clusters of similar 
topics from non-
gun-owner corpus; 
Identical to task 2a

representative 
quotes from non 
gun owners
Identical to task 3a

Gillum followed up on Ryan correspondence with compiled 
campaign statements (performed outside of Overview).

Keller compiled 
representative quotes 
from both corpuses 
(responses from gun 
owners and responses 
from non gun owners) in 
Excel 

* aggregate: Keller used 
cluster expand / collapse 
feature to aggregate and 

segregate clusters
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overview vs. jigsaw

Domain

Data 
Abstractions

Scale

Complexity

Görg et al. (IEEE TVCG 2013) 
Kang & Stasko (IEEE TVCG / VAST 2012)
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overview vs. jigsaw

Domain

Data 
Abstractions

Scale

Complexity

OVERVIEW

Investigative Journalism

Hierarchical Clustering of documents 
(raw text only), tags, 

Tens of thousands of documents

Dual view, web app

Görg et al. (IEEE TVCG 2013) 
Kang & Stasko (IEEE TVCG / VAST 2012)
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overview vs. jigsaw

Domain

Data 
Abstractions

Scale

Complexity

OVERVIEW

Investigative Journalism

Hierarchical Clustering of documents 
(raw text only), tags, 

Tens of thousands of documents

Dual view, web app

JIGSAW

Intelligence Analysis, Law 
Enforcement, Academic Research

Documents + document metadata + 
extracted entities + 

Hundreds to thousands

Multiple view, desktop app

Görg et al. (IEEE TVCG 2013) 
Kang & Stasko (IEEE TVCG / VAST 2012)
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overview vs. hierarchical topics

Domain

Data 
Abstractions

Scale

Complexity

Dou et al. (IEEE TVCG / VAST 2013)
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overview vs. hierarchical topics

Domain

Data 
Abstractions

Scale

Complexity

OVERVIEW

Investigative Journalism

Hierarchical Clustering of documents 
(raw text only), tags, 

Tens of thousands of documents

Dual view, web app

Dou et al. (IEEE TVCG / VAST 2013)



Matthew BrehmerIEEE InfoVis - Nov 14, 2014 38

overview vs. hierarchical topics

Domain

Data 
Abstractions

Scale

Complexity

OVERVIEW

Investigative Journalism

Hierarchical Clustering of documents 
(raw text only), tags, 

Tens of thousands of documents

Dual view, web app

HIERARCHICAL TOPICS

Academic research (?)

Hierarchical Clustering of 
documents + temporal metadata

Hundreds to thousands

Dual view, deployment details not 
reported

Dou et al. (IEEE TVCG / VAST 2013)
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timeline & attribution

Jonas Karlsson Adam HooperJonathan Tamara Stephen Matthew

CS3

2011 2012 2013

 begin V1 V2 + 
CS 1

CS2 CS4 CS5V4V3 CS6

2014

Jonathan Stray Jarrel Wade Jack Gillum Michael Keller (anonymous) Adam Playford



Matthew BrehmerIEEE InfoVis - Nov 14, 2014

Spotting #California Condors at Vermilion Cliffs Nat'l Monument - 
Save the Condor, use unleaded ammunition! #Arizona 
7:50 PM - 25 Aug 2014

John
 McCain         
@SenJohnMcCain

Follow

30 RETWEETS  45 FAVORITES

Sen.
 John
 McCain,
 R-Ariz.,
 opposes
 mandatory
 bans
 on
 lead
 ammunition.

On July 30, 2013, Sen. John McCain placed a call to the Bureau of Alcohol, Tobacco and Firearms
(ATF) asking to speak to acting director B. Todd Jones. McCain wanted to talk about condors.

Jones didn't come to the phone, in spite of — or maybe because of — the fact that his nomination of
the besieged agency was coming for a vote before the Senate the following day. McCain was a key
player: He had helped broker a deal with Senate Majority Leader Harry Reid, D-Nev., to end the
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BLOG TOOLS APIS POLICY ISSUES PRESS ABOUT CONTACT JO INDONATE

by  Nancy  Watzman

Private memo reveals winding tale involving John McCain,
the NRA and ... condors

SEPT. 18, 2014, 1:59 P.M.

Tweet 27 288Like
Guns
 in
 America
Lock,  stock,  cash

and  influence

Private memo reveals
winding tale involving John
McCain, the NRA and ...
condors

Big guns, big money and
California

Want to buy a machine
gun without a background
check? Federal law allows
it — for now

One year since Sandy
Hook, has the NRA made
any progress on its plans
to curb gun violence?

Did NRA silence help win
passage of plastic gun
ban?

Follow the gun money with
Sunlight tools

Did guns beat money in
Colorado recalls?

On gun control, states are
where the action is

Explore gun influence state
by state

Gun law nullification efforts
fade as specter of federal
gun laws retreats

Barrage of political
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