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e Time-sensitive decision making. The original
ELICIT does have some time pressure in that groups
must try to solve a single analytical problem in an
hour, but we sought to increase the time pressure
and make this more of a factor in both the individu-
al’s and commander’s decision making.

e Multiple overlapping analytical problems. We
wanted to study an environment in which the team’s
attention was divided among a number of tasks that
had to be addressed somewhat in parallel; the team,
and the commander in particular, would have to
multitask and prioritize in addition to solving the
analytical problems presented.

There were two reasons for these alterations. First, we
wanted to reproduce some of the realistic task constraints
of C2 groups such as Air Force time-sensitive targeting
groups, Army Tactical Operations Centers (TOCs), or
Navy Command Information Centers (CICs). Our SME
also noted similarities with subgroups within a larger
Air Force Combined Air and Space Operations Center
(CAOC). These groups track multiple targets and
address issues in parallel, sometimes facing extreme time
pressure and tightly grouped deadlines.

The second reason for these additional constraints is
that they make the study environment more vulnerable
to the known problems of long-distance collaboration.
As described in the literature review, many problems of
distance result from poor allocation of attention across
separated groups, especially under time pressure. We
expect that a commander collocated with one section
of a team and distant from another may have particular
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Figure 1. Geographic configuration and assignment of groups and commander. One three-
person group was collocated with the commander and was within speaking distance and

eye-contact range. The other group was in a “remote” location.

tendencies toward biased attention and skewed deci-
sion making.

The adjustments resulted in the ELICIT Multistrike
configuration. ELICIT Multistrike and the ELICIT base-
line are compared in the following section.

Our geographic configuration is shown in Fig. 1. The
team includes seven members. There are two three-
member analysis groups (one group assigned to each
“country,” Tauland and Psiland) and three associated ter-
rorist groups. There is also a single commander who has
sole authority to call a strike on targets in either country.
The commander was collocated with the Tauland group.

COMPARISON TO BASELINE ELICIT SETUP

The following components were the same for both

ELICIT Multistrike and the baseline ELICIT task:

® Factoids are distributed among multiple team mem-
bers (in this case, everyone but the commander);
factoids must be shared (initially a factoid is given
to a single team member) and used together to solve
analytical problems. There is no specialization of
knowledge; any analyst may receive factoids related
to any aspect of any terrorist group. Factoids were
delivered according to a preset schedule. Figure 2
shows how the set of factoids related to one terrorist
group meeting (Green) were distributed among the
six analysts.

* Factoids are shared via webpages. We used ELICIT’s
“Webpage” system to allow analysts to post factoids.
In our configuration, there were no restrictions;

permissions given to analysts in
ELICIT Multistrike were similar
to those given to edge organiza-
tions in the ELICIT baseline—
every analyst could read and
post to every webpage. We did
change the names of the web-
pages and added a fourth web-
page (which is supported within
the system through configura-
tion files); the four webpages in
our set were People, Date, Cities,

and Addresses.

e ELICIT log files were used to
support analysis of when factoids
were distributed to individual
analysts, when they were posted
to publicly accessible websites,
and when those websites were
accessed by each analyst.

We did not use the follow-
ing components of the baseline

ELICIT task:
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Where and when is Green meeting?

EXPLORING COGNITIVE ASPECTS OF COMMAND AND CONTROL

Factoid types
(4) Alyssa Shannon has possible P(leople Date
meetings on January 3, 5, 6, 8, City Address

or9

the Green group

(3) Tiana Peters has
possible meetings

_—
Commander on January 2, 5, 6,

(4) Tiana Peters is a member of

January 6, 8,0r12 A ,Ijt AIJt A,IJt
: 7
San Francisco, Analyst (3) Green’s next netl_)ys n%ys na7ys
3119 Far Away Front 2 meeting is in a
medium-sized city (5) Green is not (7) A scheduling conflict
meeting on the 8th prevented Green from
(2) Green’s next meeting (3) Green members will meeting on the 5th
is in the north of Tauland take the train to the meeting, (5) Green’s next meeting

which is close to a station

(2) Alyssa Shannon is a
member of the Green group

(2) Green’s next meeting
is far away from any
recreational facilities

is not near a naval base

Figure 2. Distribution of factoids necessary to locate and strike the Green group, which is scheduled to meet 6 January in San Francisco.

Numbers in parentheses indicate which analyst received the factoid.

e Our analysts were trained to use the webpages for
posting factoids but were not trained to use the
one-to-one sharing capability. This capability was
not disabled, however, and some analysts did use it
occasionally.

®  We did not use the query capability, which allows e
the analysts to request additional information; how-
ever, we did develop plans to use it in future versions
to mimic allocation of scarce intelligence, surveil-
lance, and reconnaissance resources.

The Multistrike task included the following addi-

tional features:

® Chatroom communications. Use of Internet Relay
Chat (IRC) channels is ubiquitous in many real-
world C2 environments, and we wanted to provide
this capability as well. There were three chatrooms.
All seven team members were logged into the com-
mander’s chatroom, which was primarily used for
communication from and to the commander. Each
three-person group also had their own dedicated
chatroom (Tauland and Psiland) that included no
other members. We anticipated that these group
chatrooms would be used for within-team analysis.
Analysts were also free to communicate verbally
with collocated team members, and the commander
and Tauland group could also talk.

e Multiple parallel analytical problems. The task
facing the teams was this: they were to try to find
and disrupt meetings of the six terrorist groups

before they could carry out terrorist attacks. They
could strike a meeting when they could identify its
date, city, and address. Part of the analytical task
also required identifying some terrorist group mem-
bers, necessitating the fourth webpage called People.

Rolling deadlines. The game was fast paced, with
each simulated day lasting only 5 min, as indicated
by a countdown timer displayed in the front of the
room. The task lasted 1 h, or 12 simulated days.
Figure 3 shows a timeline of when the terrorist meet-
ings took place over those 12 days. Before the experi-
mental task, teams played a 3-“day” practice session.
Factoids were released to the analysts according to a
staggered schedule; all information needed to strike
a meeting was available to the team at least 1 day
before that meeting.

Custom factoid sets. We designed our own factoid
sets using the conventions and software provided
by ELICIT. The individual analytical tasks were
somewhat easier than the original ELICIT prob-
lems, requiring less inference and following some
regular patterns between problems. It was necessary
to make the individual analytical tasks somewhat
easier to allow teams some chance of addressing
multiple problems in parallel; the combined tasks
were still quite challenging. The city and address
problems within the tasks also required access to
lookup tables; a section of the address table is shown
in Fig. 4.
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Red/Purple
joint
Blue Green Orange meeting
meeting meeting meeting (Psiland/
(Psiland) | (Tauland) (Tauland) Tauland)
1Jan 2 Jan 3Jan 4 Jan 5Jan 6 Jan 7 Jan 8 Jan 9 Jan 10 Jan 11 Jan 12 Jan
2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011

Figure 3. Meeting timeline. A successful strike, with the right date, city, and address, would prevent future group actions.

e Team scores. Teams received 100 points every time
the commander called a successful strike, which
required identifying the date, city, and address of a
meeting any time before the end of the simulated day
when the meeting was to occur. Teams lost 75 points
every time they failed to strike a meeting, which
would result in a successful terrorist attack the next
day. Teams lost 75 points if they called a strike but
had one of the details wrong, resulting in civilian
causalities. Strikes were called by the commander
using the chatroom; results of successful and unsuc-
cessful strikes and missed meetings were communi-
cated by the game administrator via the commander
chatroom. Later review of the pilot study by SMEs
has indicated that the scoring rubric may need to be
adjusted in future studies to increase realism (e.g., a
larger penalty for missing an opportunity to strike).

TEAM PERFORMANCE MEASURES PREPARED
FOR THE PILOT STUDY

Several team performance measures were prepared
for the pilot study. Each measure has an expected find-

ing that corresponds to lower-level hypotheses for the
study. The subset comprises a complete set of measures
to match the team performance measures categories
listed in Table 1, although a few measures of team attri-
butes were not included in the original measure review.
Eventually, to meet the objective of determining the
most diagnostic and feasible measures, more measures
will be used and compared.

Task Performance

Team score, as described above, was used as a measure
of decision-making product performance.

Expected Finding

We expect to be able to link specific aspects of team
process and attributes, such as information sharing and
team cohesion, to differences in team performance. For
example, collocated teams might have higher cohesion,
more efficient information sharing, and better task per-
formance than a geographically distributed team. With
a laboratory task with a known correct answer, the task
performance can be used to correlate other measures
and determine which measures are most useful.

T § Closest Near a Near a Age of )
ID City Name BVF.’I‘ZP Recreational Major Construction  Structure  Nearest Public
ullding Facility Highway?  Site? (vears) Transportation

18 New York 2112 Hopper House swimming pool yes yes 12 Bus stop

Street
19  New York = 897 Oak Tree Hotel none yes no 15 Metro

Road
20 New York = 553 Runner Public swimming pool no yes 20 Railroad

Circle Building
21 New York 7880 Whiskey House city park no yes 25 Railroad

Bottom
22  New York = 4343 Lincoln House city park no yes 33 Railroad

Lane
23 New York 8899 Merganzer House swimming pool no no 30 Bus stop

Drive

Figure 4. Lookup table of addresses.
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Information-Sharing Performance

This measure sought to examine how efficient ana-
lysts were at posting factoids they received to the correct
webpage and calculated the lag time between receiving
each factoid and posting it to a webpage.

Expected Finding

We expect that analysts may prioritize factoids related
to their own area of operation (Psiland or Tauland) ahead
of factoids relevant to the other country group. A mea-
sure of this expectation would be the time delay between
receiving and posting factoids; a significant difference
between own-group-relevant and other-group-relevant
factoids might indicate an information-sharing bias.

Commander’s Attention (Eyetracking)

A faceLAB eyetracking device was positioned in
front of the commander, and the configurations of both
the collocated team’s and the commander’s workspaces
were designed so that the eyetracker could track when
the commander was looking at each chatroom on his or
her computer screen, when the commander was looking
across at any of the collocated analysts, and when the
commander was viewing the large-screen data displays.

Expected Finding

We anticipate that in a time-sensitive task with high
workload, the commander will pay more attention to
local teammates and less attention to distant teammates
(over a chatroom), even when information from the dis-
tant team may be equally or more time critical.

Commander’s Attention (Text Analysis)

A second measure of attention would be the amount
and quality of chatroom communication (both groups)
and verbal communication (collocated group only)
between the commander and each of the groups. In
addition, the time lag between when the commander
receives information from analysts and when the infor-
mation is acted upon can be measured.

Expected Finding

Again, we anticipate an attention bias by the com-
mander, which would lead to more and higher-quality
interaction with the local team and a shorter lag time
between when information from the collocated team is
received and when it is acted upon as compared with the
distant team.

Measures of Workload and Situation Awareness

NASA TLX is a widely used survey measure of
workload that is completed by participants after they

EXPLORING COGNITIVE ASPECTS OF COMMAND AND CONTROL

have completed their task.>® NASA TLX measures
six types of workload: mental demands, physical
demands, temporal demands, own performance, effort,
and frustration. SART, which is similar to the NASA
TLX, is a post-task self-reported measure of situation
awareness.2> Although not as sensitive as assessments
done midtask, SART has proven its usefulness in
operational settings.

Expected Finding

We anticipate that as workload increases beyond a
comfortable level, situation awareness (both team and
teamwork) will decrease. In addition, we hypothesize
an interaction between distance and workload/situa-
tion awareness such that when workload increases and
situational awareness diminishes, as measured by NASA
TLX and SART, the biasing effects of distance will
increase. This will be driven by the “narrowing of atten-
tion” under high workload.

Other Measures of Group Function and Affect—
Team Attributes

Group Identity

We used a 10-item scale, developed by Henry et al.,>?
that measures sense of group identity. This measure had
three subscales: affective (emotional), behavioral, and
cognitive identity.

Expected Finding

Higher scores on group identity measures would be
expected to correlate with better group performance.
Geographic separation tends to disrupt identity forma-
tion or lead to strong group identity of local subgroups at
the expense of the larger group. Analysis would focus on
whether the aggregate identity measure does correlate
with performance and whether there is a difference in
effect between the subscales, which might imply differ-
ent importance.

Group Efficacy

We used a three-item scale, adapted from Carroll
et al.’® on group efficacy over distance. Sample items
include:

®  QOur group worked well together.

e Despite the fact that some people were remote, we
worked well together.

e Qur group was good at coordinating longer orders.

Expected Findings

Effective teams would be expected to have higher
self-reported group efficacy.
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Figure 5. Schedule of factoid releases related to one terrorist meeting (Purple).

Reciprocity Scale

We used an 1l-item scale, based on the work of
Perugini et al.,’? related to personal norms of reciproc-
ity. When groups have strong reciprocity norms, group
members expect to be “repaid” when they provide assis-
tance or share information with teammates. Generally,
strong reciprocity norms are not optimal for teams, espe-
cially in information-sharing tasks, where rapid and free
distribution of information is critical for success. Sample
items include:

e [ went out of my way to help players who had
helped me.

e If someone refused to help me, I held a grudge
against them.

e [ was kind and nice if others behaved well with me;
otherwise, it was tit for tat.

Expected Findings

We anticipated that there might be higher reciprocity
norms between the groups, and possibly the commander
and the distant group, and lower reciprocity norms
within the groups as they built stronger rapport.

Social Network Trust and Collaboration

Each player rated every other player on five items, and
each item was rated using a five-point Likert scale. This
measure was adapted from other social network surveys.
Prior research using these scales showed that trust and
familiarity tend to vary by location. The five items were
as follows:

e [ worked closely with this player.

e [ trust this player.

e [ would like to play with this player again.

e This player was one of the leaders in the group.

e This player was helpful to others.

Expected Findings

We would expect to see higher trust and familiarity
ratings for team members that were part of the same
country group.

Data from Pilot Study

We were able to conduct two pilot runs of the ELICIT
Multistrike task with seven independent volunteers for
each run. All volunteers had some familiarity with
intelligence analysis and C2 in a military context. We
completed the entire experimental protocol with these
groups, including training and the 12-day task. We cali-
brated but have not yet analyzed the eyetracker data;
only a few members of the first group had completed the
battery of post-task measures when we realized that the
list of measures we were using was too long for future use
and would need to be condensed.

In the second pilot run, the team called three
successful strikes and one erroneous strike and missed
three meetings, resulting in a final score of zero. In a
real run of this task, we would run three or four sessions
with the same teams, in distributed and collocated
configurations, and we would expect that learning
effects would allow teams to score much better in the
later sessions.

We are using the pilot data to experiment with differ-
ent analyses and visualization methods. One promising
direction uses timelines generated with the Massachu-
setts Institute of Technology SIMILE Timeline widget.
The timeline in Fig. 5 shows the release schedule over
time for all factoids related to one terrorist meeting
(Purple) as a complement to Fig. 2, which focuses on the
geographic distribution. This visualization of timeline
data, which are shown only in table format in ELICIT,
allows event timing and relation to other contextual fac-
tors to be reviewed more quickly.

FUTURE DIRECTIONS

The pilot trials were instrumental in identify-
ing issues to be addressed in future work as well as in
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confirming that the logistics were feasible and that
the experimental task was at an appropriate level of
difficulty to stress teams but not overwhelm them.
Through a full study, we hope to better understand how
geographic separation can impact C2 team decision
making and performance in high-stress, multiple-task
scenarios. In addition, we would like to determine which
team performance measures have the most diagnostic
capability while still being easily used and potentially
automated. It is through understanding team cognitive
behavior and using diagnostic measures that mediations
and solutions can be suggested to change technology,
techniques, training, and behaviors to improve C2 team
performance in a variety of scenarios. The task data can
also be made available to other research groups who
would like to run ELICIT Multistrike or a variant on
their own.
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