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EXECUTIVE SUMMARY 

The Contingent Attention Management research effort conducted at NRL addresses the problem 
of information overload for Navy Combat Information Center (CIC) watchstanders. The result of 
this research, however, is applicable to a wide array of scenarios where operators must monitor 
and interact with large amounts of information in a multitasking environment. This can include 
monitoring sensor data, interacting with cohorts over chat or voice communications, and 
interacting with graphical user interfaces to implement doctrinal measures as required by 
ongoing operations.  

Given the steady growth of the volume of both sensor and communication data, and the likely 
scenario that operators in many Department of Homeland Security (DHS) domains must 
monitor, interact with, and act upon this data. This research will address significant problems 
that occur when operators must work in highly multitasked environments and with high volumes 
of data. 
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CONTINGENT ATTENTION MANAGEMENT 

1 PROJECT OBJECTIVE 

The Contingent Attention Management research effort conducted at NRL deals with the problem 
of human performance degradation in highly multitasked environments. There is ample evidence 
that humans performing in such environments suffer from increases in cognitive load, fatigue, 
error rates [1, 2] and loss of situational awareness (SA; see [3] for a review of SA research). The 
motivation for this work is to introduce a capability that monitors multiple, incoming streams of 
information for a user with key representation of expert decision-making that assesses the value 
of that information to direct the user’s attention to higher priority content. We developed an 
automated form of the Analytical Hierarchy Process [4] that builds a model of expert decision-
making from observational data and applies the result to prioritize incoming information. 

2 PROJECT BACKGROUND 

Military operations increasingly rely on a disparate array of information sources in order for 
commanders and line personnel, among others, to make quick and correct decisions. Our ability 
to collect and display data has outpaced efforts to ensure that operators are able to maintain 
situation awareness. This problem is particularly acute in shipboard Combat Information Centers 
(CIC) due to an increasing volume of incoming information as well as the Navy’s initiative to 
reduce manpower.   

To address these operational concerns, a mediated attentional strategy developed at NRL known 
as “serial multitasking” was studied as an alternative presentation technique for high volumes of 
incoming tactical communications. Machine mediation of the communications task relieves the 
effort of deliberating between competing sources by sequencing concurrent messages to be 
attended to one at a time. As chat or voice messages arrive, they are stored, assessed, and 
enqueued for serial presentation and—as needed—modulated display (e.g., accelerated speech or 
tagged text for more rapid uptake), allowing the operator to be directed from one message to the 
next, until either high rates of messaging subside, or the operator choses to suspend the 
communications task to pursue other matters. In addition, the information storing function 
facilitates review of missed messages when the task is resumed and allows spoken 
communications to be replayed if needed. This work has demonstrated the ability of attention 
management strategies to significantly improve operator performance in highly multitasking 
environments such as CICs [5, 6, 7]. 

The main drawback of the serial multitasking approach is that it does not take into account the 
relative importance of incoming information and thus utilizes a round robin approach in 
presenting messages to the watchstander. This could lead to a delay in the presentation of critical 
information to the operator. If the operational priority of incoming messages were taken into 
____________
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account, a mediated display could sequence communications on the basis of their operational 
priority thus ensuring that the most relevant information is presented to the watchstander in a 
timely fashion. The focus of this effort was to establish a theoretical framework and software 
system for prioritizing incoming messages. 

3 TECHNICAL APPROACH 

Viewing human attention as a limited resource, our research attempts to manage an operator’s 
attention through serialized guidance thus freeing the operator to completely attend to one task at 
a time. An attention management strategy, however, must include a task prioritization model that 
can inform serialized guidance so that operators address the most critical amongst competing 
primary tasks. Additionally, this model must provide for operator-centered control that enables 
the operators to affect how tasks are prioritized based on their current operation needs. Finally, 
contingencies of an operator’s workflow must be accounted for with strategies for rapid recovery 
of task-level SA when an operator leaves and reenters attention management.  

The objective of our research is to design and evaluate operator-centric prioritization algorithms 
for chat and voice communications. Operator centric prioritization means that operators are able 
to specify topics of interest explicitly, and provide the system with feedback on how well the 
prioritization scheme reflects their informational priorities.  

3.1 Criteria for Message Prioritization 

As a first pass, prioritization can be thought of in terms of a message’s relevance to the 
watchstander’s tactical information concerns, its explicit or implied degree of urgency, and its 
time and order of arrival (latency and precedence). Using a given set of criteria to prioritize one 
message over another can be approached as a multiple-criteria decision analysis problem. 
Consequently, our expectation is that once enqueued, messages waiting to be seen can be 
iteratively assessed in terms of these measures, and the AHP methodology can be used to adjust 
their order for display or, more specifically, to mediate what the operator should attend to next. 

Message assessment was one of the key challenges for our work. The notions of relevance and 
urgency may seem to be two of the most important things an operator is likely to want an 
attention management system to weigh, but in general, these measures will consistently push less 
relevant messages back in the queue. By taking the increasing latencies of unviewed messages 
into account, these languishing communications will eventually be pushed forward. This is 
important because we wanted to avoid having incoming messages languish in the input queue 
never to be seen by a watchstander. This point is especially salient if one considers that any 
computational method for assessing relevance and urgency will include some degree of error. 
Finally, the role of the static precedence measure (order of arrival) was included to preserve the 
natural sequence of related voice or chat messages whenever this is possible. 
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A wide range of techniques for respectively measuring relevance and urgency on the basis of a 
user-specified set of terms (i.e., a watchstander’s tactical concerns) are available [8]. Voice 
messages, for instance, can be converted to text to extract relevance and can also be aurally 
processed for affect [9, 10]. Serial multitasking envisions a user-centered interactive, feedback-
driven design that will allow operators to suspend and resume the mediated communications task 
to accommodate the contingencies of their larger workflow and, just as importantly, specify and 
routinely revise their immediate informational concerns much like a set of search terms. In the 
approach outlined below, the techniques we employed for these measures are glossed over to 
focus on a discussion of the issues AHP poses for prioritizing attention to competing information 
tasks. 

3.2 Incorporating the Analytic Hierarchy Process 

Given that we can measure the aforementioned criteria using existing techniques, we turn to the 
problem of assigning a priority to enqueued messages based on the four criteria mentioned 
above. Our approach was to iteratively apply the AHP methodology to a changing set of 
enqueued chat and voice messages to obtain a successively prioritized ordering based on the 
current assessment of each message using the four criteria described above (relevance, urgency, 
latency, and precedence). The problem with applying AHP in our scenario, however, is that we 
do not know the relative global weights of the four criteria. These global weights are needed to 
scale the relative contribution of the assessed criterial measures for each of the enqueued 
messages. Specifically, the practical requirement that messages with high latency values are 
eventually attended to, and the idea of maintaining precedence, makes it difficult for SMEs to 
specifically assess the relative weights of our somewhat non-intuitive mix of criteria using the 
pairwise comparison methodology prescribed by AHP. We expect that this problem may occur in 
other domains as well. To address this problem, we designed an empirical study that would allow 
us to directly measure AHP global criteria weights based on the manual prioritization of a set of 
choices made by SMEs. 

3.3 Empirical Study to Measure AHP Global Weights 

The design of the study is intended to present SMEs with a set of chat and transcribed voice 
messages and obtain their feedback by having them rate each message as falling into one of three 
categories: 

• Read now – indicates that the information is critical to the current state of the scenario
and needs to be acted on immediately.

• Read soon – indicates that the information is important and should be acted on in the near
term.

• Read later – indicates that the information is not immediately relevant to the current state
of the scenario.
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We developed a software application (see Figure 1) that successively presents a number of eight-
minute segments of a fictional tactical scenario that includes chat and voice messages associated 
with the scenario’s simulated sequence of events. All voice messages in the scenario were 
transcribed to text. Rather than running the scenario in real time, however, each of the segments 
is quasi-randomly broken up into blocks that are posited as resumption points corresponding to 
“time away” from the communications task. During this time away, chat and voice messages 
“arrive” and are enqueued for subsequent viewing by participant SMEs. At each resumption 
point, the currently enqueued chat and text messages are displayed along with a simplified 
tactical situation (TACSIT) display that depicts a top-down, graphical view of the operational 
area showing the current position and type of friendly, neutral, and hostile entities. Messages 
rated as “read now” are removed from the queue as they have been processed by the subject. 
Messages rated “read soon” and “read later” remain in the queue and are presented in future 
segments until they are rated “read now”. 

Figure 1 CAM Experimental Software 

Our plan was to use subject matter experts (SME) at NSWC Dahlgren as subjects for our 
experiment. Unfortunately, we were not able to acquire permission to conduct the experiment 
there due to scheduling conflicts. In an effort to address this problem, we contacted Mr. Christian 
Fitzpatrick at the Naval Postgraduate School (NPS) who was interested in this problem. With our 
help, he obtained an IRB approval for the experiment at NPS and is currently conducting the 
study virtually using student SMEs as subjects. We have a high degree of confidence that he will 
be able to carry on this research at NPS.  
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3.4 Validation 

Validating the empirical data collected in our experiment required an instrumented software 
environment that could simulate a watchstander’s operating environment using the Navy’s 
Common Display System (CDS). In our experience as researchers concerned with designs for 
mediated multitasking, there is no simple turn-key solution for avoiding many of the repeated 
costs associated with the iterative cycle of user-centered system development and formal 
evaluation. The range of tasks we work with, involving transactions with text, audio, and 
graphical information displays, have operational and media-specific interaction requirements that 
can only be evaluated with a suite of distinct testbeds. Except for efforts in which software reuse 
is clearly warranted, there are few time-and-labor-saving substitutes for the straightforward 
process of developing platforms tailored for specific application requirements for user testing. 
We have, however, found that a few of our more challenging evaluation objectives continually 
recur. Among these is the need for a host environment in which separate interaction tasks 
involving different media can be prototyped, scripted, and synchronized. By itself, having an 
environment with these capacities would facilitate a number of informal evaluation methods over 
the course of a system development effort. Additionally, because of the mix of attentional moves 
people employ in multitasking, two more capabilities that we have needed to use are user 
tracking and a playback function for reviewing corresponding sequences of display activity 
(including sound) and user interactions across concurrent interfaces. Ultimately, these repeating 
requirements in our work motivated the development of the Testbed Framework System (TFS), 
depicted in Figure 2, for use in the Serial Multitasking in Navy Watchstanding NRL base effort.  
The Testbed Framework System is a flexible and extensible environment for use in application 
development and usability studies. Somewhat like a lightweight operating system, it provides a 
runtime service infrastructure that, together with a tailored set of control functions, is designed to 
allow researchers to quickly develop, and concurrently run, fully instrumented software 
applications for iterative testing, revision, and experimentation. Its key service functions are 1) 
an application interface for communication between concurrent applications and the TFS; 2) 
configurable time management via a global clock for timed execution of system services and 
events; 3) passive detection of user application focus via head tracking; 4) a fully controllable, 
full-featured spatial audio display environment; and 5) a linear, variable speed event review 
function that uses the TFS's event monitoring/logging services to playback recorded timelines of 
user, application, auditory, and head tracking events.  

To validate our experimental data, we created chat and voice communication applications that 
ran within the TFS framework. We also developed a scheduler capability that could prioritize 
enqueued messages based on the AHP approach discussed above. Finally, TFS was modified to 
provide the user with visual and auditory cues alerting them to shift attention to one of the three 
CDS displays. This capability forms the foundation for future empirical studies that can validate 
the empirical data being collected at NPS. 
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Figure 2 Testbed Framework System

4 RESULTS 
4.1 Accomplishments each Fiscal Year (FY) 

4.1.1 FY17 

In the first year of this effort, we focused primarily on research to develop a theoretical 
framework for prioritizing chat and voice messages. We consulted with SMEs at NSWC 
Dahlgren to inform the selection of the four criteria we used in message prioritization: 
relevance, urgency, latency, and precedence. We also studied the Analytical Hierarchy 
Process (AHP) approach as a potential candidate for deriving message priority from the 
measured criteria. As designed, AHP is a manual process that provides a structured approach 
to decision making. Available options are each assigned a weight against a specific criteria. 
The decision criteria are also assigned a global weight based on their importance in reaching 
the final decision outcome; in our case: which message should the watchstander attend to 
next? In our approach, the weights assigned to each message would be automatically 
generated. We did not, however, have the ability to assign weights to the four criteria. We 
were able to devise a strategy based on an empirical study to derive those global weights 
from ground truth data (provided by NSWC Dahlgren), and theoretically validate the 
approach. 

Additionally, we developed an attention scheduler subsystem in TFS that represents a 
skeletal implementation of the execution flow of all the components that would be needed in 
the follow-on validation study.  
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4.1.2 FY18 

In FY18, we implemented chat and voice communication applications that operate within the 
TFS framework. We completed the development of both applications. 
We also obtained the chat and voice data from NSWC Dahlgren. We attempted to find a speech 
to text application that could work with CIC jargon. Unfortunately, none of the applications we 
experimented with came close to reliably converting that type of speech to text. We resorted to 
manually transcribing the speech data to text.  

Our main focus, however, was starting to design a study for collecting ground truth data for an 
automated AHP process. We completed the design of the study and began implementation of a 
software application that we would be use in conducting the study and collecting data. 
We also began our search for an appropriate venue for running our study. We required a cohort 
of SMEs with experience as watchstanders in a CIC. Dr. John Ziriax, a research psychologist, 
was able to identify a number of officer schools associated with NSWC Dahlgren where we 
could run our study. 

Obtaining IRB approval required that we first obtain permission from NSWC Dahlgren 
command to run the study there. We completed the IRB submission and worked with NSWC to 
get the necessary permission.   

4.1.3 FY19 

In this year, we completed the transcription of the voice data into text. We also segmented the 
message data for presentation during the study. We also created TACSIT images that 
corresponded to the phases of the simulated operation being used in the study.  
To extract relevance and urgency measures from the voice and chat data we used existing NLP 
approaches to derive relevance and audio processing techniques to extract urgency from speech 
data.  

During FY19 we designed and completed the development of a software application that would 
be used to run the empirical study and collect data. We also validated that the 
application operated as expected and produced the correct data. By the end of FY19, we had not 
yet received approval to run our study from NSWC Dahlgren. Our software application is now 
being used by NPS to conduct the study. 

4.1.4 FY20 

We were provided a one year extension of this effort and an additional $80K in funding in FY20 
to complete the transition of our work to NPS for further work. We packaged and documented all 
of our software and provided it to NPS. We also had numerous discussion with Mr. Fitzpatrick, a 
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Faculty Associate Researcher at the NPS MOVES Institute, to explain our approach and assist in 
the NPS IRB application. The application was submitted and approved in October and has 
started running the study.   

5 ASSOCIATIONS AND OUTPUTS 

5.1 Associated Base Program Projects 

This effort built upon research done at NRL by Dr. Samuel Blisard and Mr. Derek Brock on the 
Serial Multitasking in Navy Watchstanding base program (Work Unit 6903). Their work 
established the utility of attention management techniques that ameliorate operator performance 
degradations that occur due to multitasking.  

5.2 Associated External Organizations 

Dr. John Ziriax at NSWC Dahlgren was instrumental to this work. He provided over 150 hours 
of recorded chat and communication data from a simulated CIC exercise. This data was 
instrumental in creating an experimental design for capturing AHP ground truth data.  

NRL also collaborated with Mr. Christian Fitzpatrick at the Naval Postgraduate School. He is 
currently carrying out the experiment we designed using SMEs at NPS. 

5.3 Publications 

To date this work has resulted in three conference papers and a book chapter [11, 12, 13, 14]. 
We expect to collaborate with NPS in future publications as this effort continues. 
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