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Abstract

We have developed a time-based visualization system
and tested it in accordance with a well-developed theory of
situation awareness during a simulation of an actual emer-
gency. The client-server system is fed by a collaborative
server, and uses linguistic parsing, suffix tree clustering,
and multidimensional scaling to develop a changing picture
of textual data related to an unfolding event. We provide a
detailed account of situation awareness theory and use it to
explain the effect of the visualization on perceptions of facts,
comprehension of the situation, and projection of near term
status. We developed a simulation of a tragic shooting at
the University of Arizona, performing requirements elicita-
tion of officials involved in the actual event, and preparing a
repeatable scenario based on, but differing from, the event.
We ran the simulation with about 200 management students,
half of whom used the visualization system and half of whom
used a competing text-based system, and found that the vi-
sualization system aided comprehension and projection, but
had no effect on perception of facts.

1 Introduction

Most visualization research focuses on information that
can be expressed numerically. Nevertheless, a growing lit-
erature treats visualization of textual data. Visualization
systems offer appealing summaries of textual data, but we
need to know about the impacts of these systems on work
processes.

In particular, we would like to be able to understand and
explain the impact visualization has on managerial work in
terms of a well-tested theory. Over the past two decades,
human factors researchers have built an impressive body of

work about situation awareness, initially mostly in aviation,
and this work has recently spread to other areas, particularly
areas where workers interact with computer-based systems
that represent the state of the world in some way. These
characteristics suggest that visualization may be well part-
nered with situation awareness for an explanatory analysis.

Our approach has been to develop a candidate visual-
ization system and test according to the theory of situation
awareness. In succeeding sections, we describe visualiza-
tion, our implementation, our experiment, our results, and
our conclusions.

2 Visualization

Visualization offers a powerful framework for partnering
information technology with the human brain, about half of
which is devoted to vision processing. The term visualiza-
tion was coined in a seminal 1987 paper [21] advocating
a federally funded initiative to support a research stream,
visualization in scientific computing, already recognized as
distinct from computer graphics, but unnamed for several
years. The notion of visualization for this question and re-
lated work is based on a definition suggested by [4], where
some of the discussion and citations might lead to the fol-
lowing definition (not directly stated in the article): Visual-
ization is transformation and analysis to aid in the forma-
tion of a mental picture of symbolic data. Such a picture is
simple, persistent, and complete.

Taxonomies of visualization, such as [3], typically clas-
sify visualization based on

e available technology,

e dimensionality of representation,
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e scale (e.g., continuous / discrete) of visualized mate-
rial,

e scope of visualized material, and
e domain of visualized material.

The first two classes are closely linked: 3D visualiza-
tion didn’t become prevalent until special hardware became
widely available. The third class is also closely related as
the data and the number of values data can take on informs
the dimensionality. The most varied data typically visual-
ized is unstructured text, which is also most resistant to in-
creasing scale in the sense of dataset size. Scope in this
context refers to scope of control, such as desktop (a sin-
gle user’s visualization of material under his/her control),
workgroup (material under a manager’s control), enterprise
(material under control of managers with congruent goals
but different and possibly conflicting subgoals), and public
(such as all websites about automobiles).

One effect of such taxonomies is to see where research
has proliferated. The class called “scale” above has a very
skewed sample—with much more work available on data
that can take on more limited values, better understood data,
numeric data. Much visualization research has explored
quantitative information, with many opportunities remain-
ing for visualizing text information. Of the fewer initia-
tives for visualizing text, many have focused on maximizing
the size of the target data set, often in conjunction with the
question of whether we can visualize the entire WWW. One
outcome of this kind of research has been the recognition
that such large-scale visualizations are extremely imprecise
and, though often beautiful in appearance, of limited use in
the workplace.

Categorization has been a focus of cognitive science as
the fundamental activity used by humans seeking to under-
stand their environment. It may be the case that a tool that
helps humans to categorize phenomena may help them to
understand those phenomena. Visualization has been used
to aid in categorization of material from face-to-face elec-
tronic meetings [22].

There is not clear evidence that visualization systems for
text have offered value to managers. For example, [16] calls
for “new ideas about how to display large, abstract infor-
mation spaces intuitively.” She asserts that “clustering can
result in the juxtaposition of very different levels of descrip-
tion within a single display.”

Hearst offers a pessimistic review of evaluations of
graphical overviews, saying for instance that “Although in-
tuitively appealing, graphical overviews of large document
spaces have yet to be shown to be useful and understandable
for users. In fact, evaluations that have been conducted so
far provide negative evidence as to their usefulness.”

Many researchers in Management Information Systems

have tried to explain the relationship between graphical dis-
plays and decision making, such as [32], [33], and [7].

One important omission from the above work is a larger
view of tasks involving decision making. [8, p. 466] con-
trasted the breadth of focus on decision making between
two cultures, describing Japanese managers as focusing on
framing the problem, and American managers as forgetting
to do so and being content on solving problems that have
already presented themselves in unambiguous terms. [34]
expands on this notion, describing a framework for making
sense of a situation. [23] see a major limitation of Weick’s
approach. Weick does not model any kind of organizational
learning or knowledge creation or knowledge management
in the sensemaking approach. The organization is in a state
of perpetual confusion, punctuated by flashes of illumina-
tion about individual situations.

Another way to frame visualization requirements is to
consider the key questions recognized in the information
visualization community. [3, p. 640] lists eight key is-
sues. Three of these issues relate to visualization systems
for managers: collaborative visualization, characterization
of information visualization at the operator level, and per-
ceptual analysis of dynamic information displays. Collab-
orative visualization can be addressed by structuring the
visualization to support a collaborative process like emer-
gency response, operators can include icons and their rela-
tionships, and perceptual analysis can be addressed in terms
of situation awareness, which has been empirically linked to
decision making quality.

The visualization system proposed here depicts relation-
ships between texts in an emergency response scenario,
shown in a manner intended to ease the managerial burden
of comprehension as the situation, and the texts reporting
the situation, evolve.
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Figure 1. Implementation overview.
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3 Implementation

Our implementation of a time-based text visualization
system is a client-server system called Vizard. The server
can be characterized by four main features, two of which are
developed externally to this project, as shown in figure 1.
These external features are a collaborative computing sys-
tem and a natural language processing system. The internal
features are characterized by their two main algorithms, suf-
fix tree clustering and multidimensional scaling, located in
the clustering job controller and clustering engine shown in
figure 2. We discuss these four features in turn.

For this experiment, text input came from a subsys-
tem we developed to simulate a forthcoming collaborative
server by GroupSystems.com. This is an interrupt-driven
system that injects XML-formatted texts at intervals deter-
mined by timestamps on the texts, as if the texts were re-
ceived from the GroupSystems.com server in its XML for-
mat.

Collab.
Feeder

Data
Feeder
Manager

GS XML
Parser

Plain Text
Parser

Client
Adapter

Figure 2. Implementation server overview.

We communicate with a linguistic analysis server, Con-
nexor FDG (Functional Dependency Grammar) developed
by Connexor OY of Helsinki, Finland. This tool provides
several text parsing facilities, including dependency func-
tions, functional tagging, surface syntactic tagging, mor-
phological tagging, and various other facilities, including

named entity recognition. The tool and its antecedents are
described in many studies, such as [29] and [28].

Parsed texts are clustered, using the suffix tree clustering
algorithm of [36], whose main features include O(N) time
complexity for construction of the suffix tree—each incom-
ing text is added to its appropriate place in the tree without
recomputing—and cluster overlap, allowing a text to appear
in more than one cluster.

The suffix tree clustering process is as follows.

e Regard each text as a string.
e Build a suffix tree of these strings.

e Each leaf contains an ID and a starting position within
the original string.

e Regard every node with 2 or more leaves as a “base
cluster.”

e Assign a score to each base cluster, B, based on the
cluster size, | B| and the length of the cluster label, | P|

s(B)=|B|- f(P])
where
1, if |[P|=1
fAPH=q1/IP|, if2<|P|<6

1/7, otherwise

e Combine base clusters whenever

B,NB B,NB
(|m n|>1/2)A<|m n|>1/2>
Bl B,

for every pair of clusters m and n.

Finally, each set of clusters at the same level is displayed
in a 2D array computed by a non-metric multidimensional
scaling algorithm, described in [22] as follows.

e Prepare a matrix of dissimilarities between texts using
the typical Jaccard coefficient described in [25, section

16.2.2]
L
Z(wikwjk)
k=1
Spi.p; = L L
Do Wi+ Y wie = D (wawe)
k=1 k=1 k=1

where Sp,, D; is the similarity between texts i and j.
D is a text, wji is the weight applied to collocation k
in text i, which is usually either the number of occur-
rences of the collocation in the text or [0, 1] signifying
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the presence or absence of the collocation. L is the to-
tal number of collocations in a text. Each dissimilarity
is 1 — Sp, p;. Collocations are text objects identified
by Connexor FDG such as noun phrases, named enti-
ties, and idiomatic expressions.

e Obtain an initial configuration using singular value de-
composition (SVD) as described in [13].

e Measure the information loss between the original
matrix and the initial configuration using Kruskal’s
STRESS metric [19], defined as

where the d;; are inter point distances in the present
configuration, and the d; j are monotonically related to
the values in the original dissimilarity matrix §;; so that
c?ij < c?i/j/ whenever Sij < Si/j/.

e Find a new configuration with smaller information loss
than the initial configuration using an isotonic regres-
sion algorithm [15] to obtain fitted distances and a con-
jugate gradient descent algorithm from [24] to opti-
mize.

e Repeat until a threshold information loss is reached or
until a threshold number of iterations are performed.

The resulting displays are available to the client, which
is implemented both as a Java applet and as a Java applica-
tion. The client offers numerous capabilities, of which the
following are relevant here. A left hand side pane provides
a hierarchical list of the all the clusters and texts within the
those clusters. The list can be arranged by timestamp or al-
phabetically. A right hand side pane shows the 2D array de-
scribed above for either the root or any selected sub-cluster.
The user can navigate the texts clicking on either pane, but
the right hand side pane only allows drilling deeper, since
only one level is shown at any given time. The left hand side
pane shows the entire hierarchy at all times, any of which
can be clicked on. Figure 3 shows a screenshot of a portion
of the client’s right hand side pane during a military exer-
cise. Each cluster is labeled by the two most distinguishing
collocations in the cluster, separated by a comma and fol-
lowed by the number of texts in the cluster in parentheses.

4 Situation Awareness
4.1 Introduction

Having discussed the concept of visualization in the pre-
vious section, we now turn to the concept of the situation

 capabi ity .peepaks -

O

ot ol

Figure 3. Client screenshot during a military
exercise.

being portrayed by the visualization. Specifically, the visu-
alization is of the relationships between texts pertinent to a
situation. This concept of situation leads to a way to evalu-
ate the effectiveness of the visualization.

Information Science as a discipline concerns itself with
information seeking behavior in humans, so it makes sense
to look here for insight into the notion of what a situation
is, since the visualization we construct can be construed as a
vehicle for information presented to an information seeker.

Situation as a concept began to attain prominence in In-
formation Science only in the past few years. [5] notes that
she provides the first review of the concept in Information
Science literature. Cool describes six major theoretical per-
spectives on the situation concept, the Problematic Situa-
tion, Social Interaction Theory, Situated Action, Situation
Awareness, the Person-in-Situation Model, and Situation
Environments. We select one of these, Situation Awareness,
that best fits the evaluation of visualization. We describe
that concept in detail at the theoretical level and conclude
with a technique for measuring it.

4.2 Theory of Situation Awareness

[12] presents a theoretical model of situation awareness
(SA). Following is a discussion of this model with respect
to the present study. Endsley frequently studies flight crews,
but strives to extend the model to other fields and con-
vincingly presents constructs that may be generalized to
other fields. Endsley does report on SA studies of op-
erators of flexible manufacturing systems, refineries, and
power plants. Other SA researchers have studied firefight-
ers, police units, military command personnel, and physi-
cians [14].

Of particular relevance to the present study is the re-
search on tactical commanders [18], and its finding that
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“recognizing the situation provided the challenge to the de-
cision maker” [18, p. 1110].

A wide body of research exists to link problem fram-
ing or problem presentation to decision making processes
[2, 17, 30, 31], as well as research showing that decision
makers act first to classify and understand a situation before
proceeding to action selection as reviewed by [20]. This
prior research motivates a model defining the SA constructs
as closely as possible to the constructs in the prior research,
benefitting from the demonstrated links.

[12] further develops a previously described model [9,
10], which defines SA as a state of knowledge, and divides
that state into three levels, perception of elements in cur-
rent situation, comprehension of current situation, and pro-
jection of future status. This construct explicitly excludes
less dynamic knowledge, such as doctrine, rules, proce-
dures, and templates. SA affects decision making, which
affects performance of actions. SA is affected by the ac-
tual state of the environment, as well as task / system fac-
tors and individual factors. Task / system factors include
system capability, interface design, stress, workload, com-
plexity, and automation. Individual factors include goals
and objectives, preconceptions, long term memory stores,
information processing mechanisms, automaticity, abilities,
experience, and training. Figure 4 depicts the relationships
between these constructs.

This richly delineated model gives the lie to [35, p. 4],
who claimed that situation awareness was the buzzword of
the nineties, without a clear definition, and marked a turning
point from scattered recognition of like ideas, to the basis
for a research agenda.

[12] distills the model into the following narrative defi-
nition: situation awareness is the perception of the elements
in the environment within a volume of time and space, the
comprehension of their meaning, and the projection of their
status in the near future.

In the present study, we simulated a tragic shooting at the
University of Arizona. Subjects were asked to prepare the
University president to make a public statement based in-
coming information about the shooting. In this case, the first
level includes facts of the situation such as that shots have
been fired, that the shots were fired in the College of Nurs-
ing building, and so on. The second level includes com-
prehension of the meaning of these facts, such as that the
shooter may present a danger to the entire University com-
munity. The third level includes projections we can make,
that the police will either apprehend the shooter or that the
shooter will escape, and that any new reports of violence
in the vicinity of the College of Nursing may be connected,
and that we can expect to see frantic movement by large
numbers of students away from the building.

Hence, when a report disputes the police version of the
event, saying that a car has backfired, rejection of that report

is a matter of comprehension. When a report insists that the
evacuation of students is actually a campus riot, rejection
of that report is a matter of comprehension. Recognition
of the need to reassure and inform members of the campus
community is a matter of projection, as is recognition of the
need to notify next of kin of University community mem-
bers slain.

System Capability,
Ul Design,
Task Complexity,
Automation

Task / System Factors|

IP mechanisms;
Long term memory;
Automaticity

Goals,
Expectations

Training,
Experience

Individual Factors

Figure 4. Situation Awareness Model.

4.3 Measurement of Situation Awareness

[11] provides a comparison of measurement techniques
and seeks to establish the validity of Situation Awareness
Global Assessment Technique (SAGAT). This persuasive
study, in part, led to the adoption of SAGAT for the present
study. Here, we will review only the use of questionnaires.

[11] treats questionnaires in general, then delves into the
author’s contribution, Situation Awareness Global Assess-
ment Technique, or SAGAT. Questionnaires can be classi-
fied according to when they are administered, either after or
during the activity. Questionnaires administered during the
activity may be administered either without interruption of
the activity, or while the activity is frozen. Obviously, the
last class can only be conducted in a simulation. Post facto
questionnaires suffer from the obvious limitation that much
of what is sought consists of the contents of working mem-
ory which has changed after the conclusion of the activity
and is notoriously difficult to recall in any circumstances. In
particular, when misperceptions are corrected during the ac-
tivity, successful performance may dictate immediately dis-
carding them. Endsley concludes that a posthoc question-
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naire can only reliably provide evidence about the subject’s
SA at that point in time.

Questionnaires administered during an activity are intru-
sive in that they add to the workload of the activity and redi-
rect attention during the activity. The remedy proposed by
Endsley is to freeze the activity for a questionnaire based on
a requirements analysis of the tested activity.

Endsley conducted two studies to validate SAGAT.
These studies investigated (1) the period of time during
which a questionnaire remains an effective measure of SA
before changes in working memory, as discussed above, al-
ter the outcome, and (2) whether the freeze technique is in-
trusive, altering the subject’s SA. The first study found that
SAGAT could extract SA for up to 5 or 6 minutes after be-
ginning a freeze. The second study was not able to find any
impact on performance from freezes.

Can these results be generalized to include other cases,
such as the present study? Both of Endsley’s experiments
involved pilots and aviation SA. Aviation is the original do-
main of SA research and the most extensively reported in
literature. SA is relatively straightforward and deeply stud-
ied in this domain, consisting mostly of spatial information
and information represented as numerical measurements. In
the present study, and its more general parent, “crisis situa-
tions,” plenty of situation elements are spatial or interpreted
as numerical measurements, but the vast majority of signals
consist of textual information. This is the key difference be-
tween the present study and the study validating SAGAT, so
it’s reasonable to ask whether there is anything about words
that may change the outcome.

Luckily, we can appeal to recent psychological research,
such as [27], suggesting that any differences we find will
not be due to differences in human processing of words and
numbers. [6] found, using magnetic resonance imaging,
that numerical thinking such as performing arithmetic uses
the same brain centers as tasks involving only words. Fur-
ther, they discovered that students forced to attempt mathe-
matical reasoning in second languages were markedly dis-
advantaged.

[26] endeavors to situate natural language in a central
role in differentiating humans and human thought from
other creatures and whatever thought they may possess,
drawing on the above-mentioned research.

Spelke recounts numerous studies showing that perfor-
mance of humans and non-human animals diverge only
upon the acquisition of language. Non-human animals pos-
sess similar, frequently better core systems including nu-
merosity, geometry, object mechanics. The result is a con-
vincing case that the combinatorial properties of natural lan-
guage allow humans to combine concepts from more than
one core system. Of particular interest to the present study,
the subsystem involving numerosity can produce no better
performance than rats, who can evidently count to precisely

16 to obtain a food pellet, until the child begins to acquire
language. This matters a great deal to the present study be-
cause the bulk of the early study of SA is in aviation where
measurement of SA has been represented as numerical and
spatial information. Since we can conclude that natural lan-
guage is essential to the use of core cognitive systems, we
can also conclude that we can measure the same processing
engine without recourse to any specific core system.

This is not to say that measurements will be the same,
any more than one candidate’s verbal and math SAT scores
will be the same. All that this notion of the centrality of
natural language means is that we’re measuring the same
processing engine doing two different things and accessing
two different resources.

S Experiment
5.1 Introduction

Having described a system and a theory for testing the
system in previous sections, we turn now to a description
of the actual experiment. Our overall goal is to to imple-
ment the theory for a legitimate managerial task in such a
manner as to legitimately evaluate Situation Awareness dur-
ing the task. So our operational goals, described in the next
two sections, are to (1) faithfully develop the task through
requirements elicitation, and to (2) faithfully develop the
evaluation.

A tragic incident on the University of Arizona campus
formed the basis for faithfully developing the managerial
task. In 2002, a failing University of Arizona nursing stu-
dent shot and killed two nursing professors during classes,
and brought University operations to a halt as students fled
the Nursing school and surrounding buildings, and a po-
lice SWAT team took control of the area searching for the
shooter, who took his own life.

In the aftermath of this crisis, we interviewed numer-
ous University officials and concluded that the office of the
University president faced a managerial task that could be
easily simulated and easily understood by management stu-
dents on campus.

5.2 Requirements Elicitation

SAGAT (Situation Awareness General Assessment Tech-
nique) described previously, calls for requirements elicita-
tion, where experts in the field describe salient cues and
their impact on situation awareness. These descriptions also
provide guidelines for determining what are not salient cues
and what are not appropriate impacts on situation aware-
ness.

Our approach to this requirements elicitation was to con-
duct unstructured interviews with officials, asking them
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about incoming information and its impact on their actions.
We were assisted by the presence of on-campus forums
about the crisis, for which several officials provided notes
of phone calls, partial printouts of email messages, and in
one case, a phone bill providing time and duration of calls.

Conveniently, officials readily discussed their perception
of facts, their comprehension of facts, and projections of
future states based on the facts, corresponding neatly to the
three theoretical levels of situation awareness. As a result,
it is easy to organize our discussion of their requirements by
level.

We then used our notes and campus maps to construct
artificial records of incoming email and phone calls to re-
semble both the messages containing salient cues and the
messages containing obfuscation of salient cues, erroneous
information or erroneous inferences drawn from informa-
tion.

The problem can be seen as a classification problem,
where each item in a list can be classified as relevant, ir-
relevant, or incorrect, and as a perception, comprehension,
or projection. Space prohibits an exhaustive treatment in a
conference paper, so examples are given below.

5.2.1 Perception

Relevant perceptions of the event can be classified accord-
ing to attributes of the victim(s), the shooter(s), the loca-
tion(s), response(s) by officials or others, and witnesses or
bystanders.

Example: victim(s). Major facts about the victims in-
clude their number, their status (injured or deceased), and
their relationship to the university. There were also relevant
facts about the location of victims when shot, and the sex of
the victims.

5.2.2 Comprehension

Relevant comprehensions of the event can be similarly clas-
sified according to attributes of the victim(s), the shooter(s),
the location(s), response(s) by officials or others, and wit-
nesses or bystanders, but also the wider University commu-
nity, including the geographical relationship of the commu-
nity to the shooting location.

Example: summarizing responses. Many police re-
sponses can be regarded as presenting a snapshot summary
of the situation as known by the University Police. Police
responses indicating that they control a given area or are
searching a given area, or providing other details can be
used to infer degree of public safety and as a check against
other sources of information because they are presumed to
be more reliable and to be focused on relevant issues.

5.2.3 Projection

Projection was related to specific salient cues, including im-
mediate physical safety, breakdown of the chain of com-
mand, breakdown of communications media (cell phone /
landline), breakdown of language communications, erro-
neous and redundant communications, emergency proce-
dures, and triage.

As a salient cue example, we describe language break-
down messages. Messages describing difficulties between
speakers of Spanish or Chinese and English prompted the
realization that multilingual announcements were neces-
sary, something not obvious beforehand because the Uni-
versity’s official language is English. It turns out that when
people hear gunfire, the panic runs so deep that the official
language can’t be expected to communicate emergency in-
formation to everyone.

5.3 Experimental Design

To develop the evaluation, we developed a method from
the Situation Awareness literature previously discussed, and
described in detail in the Experimental Design section.

The experimental subjects were all management students
taking a required upper division information technology
course.

The subjects were randomly assigned to one of two
equally sized groups. Each group worked for 45 minutes.
One group received incoming information through the vi-
sualization system, while the other group received informa-
tion from a text-based system. Both systems were fed ex-
actly the same information from the same server at the same
time. Both systems allowed access to all previously dis-
seminated information. The text based system could only
present texts in time order, whereas the visualization sys-
tem presented the same texts in a hierarchical outline form
by default in the left pane, and colored blocks representing
clusters of texts in the right pane. The block colors had no
meaning except to simplify the associations between labels
and blocks in congested areas.

All subjects had access to GroupSystems, a collabora-
tion tool, and a web browser, preset to two windows. All
subjects were presented with brief verbal descriptions of
the available tools, and a monitor walked around the room,
answering tool-oriented questions, but refraining from an-
swering any content questions. Every five minutes, a cam-
era sweep captured the active windows for each subject.
Four times during the simulation, participants were asked to
stop their activities and answer a SAGAT questionnaire. At
the end of the simulation, subjects were asked to complete
a SART questionnaire after an additional SAGAT question-
naire.

The subjects were instructed to complete the following
task during the simulation. Subjects were to consider them-
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selves as advisors to the University of Arizona President,
and to pretend that they were occupying a conference room
in the President’s office at the beginning of the crisis. Their
task was, understanding that the President had to make a
public appearance in an hour, to provide President with
three lists he would need for his appearance. First, he would
need a list of the relevant facts of the crisis as we know them
at the time he must speak. Second, he would need a list
of the relevant stakeholders whose needs he must address.
Third, he would need a list of the most important topics to
address.

Collaboratively, the subjects completed these three lists
at the end of the simulation. In addition, following the no-
tion pioneered in [1], the subjects completed in process ver-
sions of these three lists individually, four times during the
simulation as their SAGAT freezes, taking two minutes for
each freeze.

We use these lists to test three hypotheses as follow.

H; Subjects using the visualization system will score
about the same on questions of perception as subjects
using a text-based system, since the visualization sys-
tem does nothing to highlight facts.

H, Subjects using the visualization system will score
higher on questions of comprehension than subjects
using a text-based system, since the visualization sys-
tem organizes information into clusters, aiding the
comprehension process.

H3 Subjects using the visualization system will score
higher on questions of projection than subjects using
a text-based system, since the projection process can
rely on the same clusters that have been helpful in com-
prehension.

Based on interviews with officials, we developed a simu-
lation scenario consisting of messages to be released by the
server at the specified intervals during the simulation. Both
systems received 142 messages in a 45 minute time period.

6 Results

Lists for each subject and each freeze were scored by the
experimenters according to the information gathered in the
requirements elicitation phase. To date, about a thousand of
the six thousand collected statements have been processed
and compared to statements gathered in requirements elici-
tation. Each statement was scored 1 to signify conformance,
0 to signify irrelevance, or -1 to signify erroneous situation
awareness.

Testing was grouped by freeze and level, since empiri-
cal studies of situation awareness have consistently shown
statistical independence on these attributes.

Statistical tests of the scores were conducted using the
R statistical language. The main R outputs are reproduced
below.

The following t-test is for the difference in perception
scores for the visualization users (V) and the text users (T).
We do not see evidence that they differ.

Welch Two Sample t-test

data:
score[team == "V" & SA == "perc"]
and
score[team == "T" & SA == "perc"]
t = 0.4413, df = 360.957,
p-value = 0.6593
alternative hypothesis:
true difference in means
is not equal to 0
95 percent confidence interval:
-0.1136398 0.1793958
sample estimates:
mean of x mean of y
0.6722222 0.6393443

The following t-test is for the difference in comprehen-
sion scores for the visualization users (V) and the text users
(T). We see strong evidence, p < 0.0016, that they differ.

Welch Two Sample t-test

data:

score[team == "V" & SA == "comp"]
and

score[team == "T" & SA == "comp"]

t = 3.1892, df = 245.658,

p-value = 0.001612

alternative hypothesis:

true difference in means

is not equal to 0

95 percent confidence interval:
0.1061147 0.4488989

sample estimates:

mean of x mean of y

0.7886179 0.5111111

The following t-test is for the difference in projection
scores for the visualization users (V) and the text users (T).
We see some evidence, p < 0.0886, that they differ.

These results appear to confirm all three hypotheses, that
visualization does nothing to alter a subject’s perception of
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facts, but helps to build comprehension of facts through the
clustering and display of related information. We are more
reserved about the findings regarding projection, both be-
cause of the lesser statistical significance and because of
the generally lower scores for all subjects in projection as
compared with perception and comprehension.

Welch Two Sample t-test

data:

score[team == "V" & SA == "proj"]
and

score[team == "T" & SA == "proj"]

t = 1.7088, df = 274.508,

p-value = 0.08861

alternative hypothesis:

true difference in means

is not equal to 0

95 percent confidence interval:
-0.02279185 0.32261401

sample estimates:

mean of x mean of y

0.6942149 0.5443038

7 Conclusions

We conclude from our initial analysis that we have
promising evidence that visualization aids situation aware-
ness by managers at the comprehension level. We also have
some evidence that visualization aids situation awareness
by managers at the projection level. The lesser performance
of all subjects at the projection level may mean that this task
was of greater difficulty. Certainly we saw less insight into
the near term future than into the comprehension of the im-
mediate situation across the board.

We have generated a great deal more data than has yet
been analyzed, and may be able to glean better insight about
the low projection scores from that data.

We learned a great many user interface improvements
that could be made to both the visualization system and the
text-based system that would increase their value, making
future comparisons more meaningful. These improvements
include better messages to clarify the system status, more
intuitive responses to user expectations, and better display
organization to fit what users do the most.

Having demonstrated the usefulness of visualization for
situation awareness, we are excited about moving on to an-
swer questions about different features of visualization. We
are now in a position to compare two different visualization
systems to learn more about the impact of different portray-
als of the clustering and semantic distance information.
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