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A.
Innovative Claims

ATL’s Aug Cog Mobius solution will: 


· Enable [facilitate] enhanced multi-tasking by employing measurements of physiological and cognitive state, as well as analysis of task context, to provide a tailored context switching aid.


· Allow warfighters to operate more efficiently in a rapidly changing information-intensive operational environment, with fewer mistakes/omissions.


· Enable an individual to reorient quickly and efficiently to the original task following an interruption or series of interruptions.


· Provide the ongoing ability to deploy and effectively apply emerging advanced multi-modal, high-capacity information technologies.


· Apply the latest understanding of human cognitive and intellectual functions to human-machine collaborative systems.


· Produce prototype software that will demonstrate enhanced human-machine collaboration to facilitate the warfighter’s ability to be interrupted from one task, take the necessary action to resolve the interrupt, and expeditiously reorient to the original task. 


B. Proposal Roadmap

C. Technical Rationale

C.1
Overview

ATL will develop, test, and deliver a prototype [proof-of-concept] system that will significantly enhance the information management capabilities of the 21st Century warfighter in stressful, rapidly changing, multi-tasking operational environments. Specifically, a critical challenge in volatile operational situations is the ability to resume a task after dealing with an interruption. ATL’s Mobius system will provide operators with an intelligent, prioritized interruption system designed to insure that the operator (1) is interrupted only by alerts that are critical within the context of the existing operational environment, (2) by a system that automatically assesses the criticality of the alert and selects an appropriate interruption strategy, (3) in a manner that will allow the operator to resolve the interruption and return to the original task quickly and effectively, (4) resulting in the ability to execute more decisions with greater quality and accuracy.

In the current operational environment, most alerts appear as immediate interruptions regardless of the nature of the content of the alert (criticality) or the context of the operator's situation. Therefore, the operator must divert attention to the interruption, evaluate and classify the criticality of the alert message, act on that evaluation, and then return to the original task. The situation may be further complicated by the physio-cognitive state of the operator (e.g., severe fatigue, environmental or operational distractions, etc.). There are instances, however, when the low criticality of information does warrant an “immediate interrupt" as the default strategy. In these instances, alternate interruption strategies (e.g., negotiated, mediated, or scheduled) could be used to prioritize and present interruptions to maintain or enhance performance to meet the operational challenges of a dynamic battlespace. 

Based on the progress over the past decade, it is clear that advances in cognitive science, combined with intelligent information handling systems, have the potential to measurably increase an individual warfighter’s capabilities and effectiveness.  Our program will develop and demonstrate the positive effects of a several key technologies that will mitigate the disruptive effects of interruptions in C2 environments. 

Our own cognitive research (McFarlane 97, 98, 99) has shown that the time-consuming, distracting, and disruptive impact of interruptions is highly dependent on the particular mode employed to communicate an interruption to the user. We have shown, for example, that users function more effectively when they are able to negotiate the timing of interrupting information. 

The proposed Mobius system will use robust set of criteria to supplement "immediate interruptions" with a broader set of prioritized decisions and automatically select and apply interruption strategies based on a foundation of knowledge-based strategy determination. Our approach will include assessments of the physio-cognitive state of the user as well as an assessment of task context (operational situation or environment). 

The goal of the development program will be to ensure that the strategies selected are suited for C2 environments where critical decisions are being made by users working under extreme conditions. 

ATL’s one-year base program will both resolve questions about—and demonstrate the feasibility and potential benefit of—our proposed approach. In order to achieve the maximum progress in the first year, we will build interruption strategy determination functionality and we will design and run a set of experiments that will demonstrate and measure its operational effectiveness.  First-year experiments will also identify which interruption strategies are most effective and for various circumstances. The results of these experiments will guide the expansion of functionality that is proposed for development efforts in the option years. 

To maximize the chances of useful results in the one-year base program, we will combine a select set of indicators of a user’s physio-cognitive state with a focused assessment of the priority of interrupting tasks. Even with limited development of these two types of input, our initial system functionality will enable the key question of usefulness to be determined within the base program. As the program expands into the option years, we will broaden the set of cognitive indicators and the analysis of newly arriving interrupts. We will also explore the benefits of enabling multi-modal transfer of interrupt information as well as the effectiveness of multi-modal strategy management by the user.   

Confidence in the success of this program is supported our existing DARPA contract, "Recovering Context After Interruption" (RCAI), and the fact that we will be extending and adapting the Galaxy plug-and-play architecture that was used in our LCS contract work. Additionally, we have added to our strength through teaming arrangements with:

1. Dave Warner MD, PhD, Director of Medical Intelligence at MindTel, and a Research Professor for Computer & Information Science and Electrical & Computer Engineering at Syracuse University.  He has an extensive background in hardware and software technologies for non keyboard and mouse based human/computer interfaces.  He will supply the team with technology for assessing user physio-cognitive state.

Victor Zue PhD, and director of the Spoken Language Systems (SLS) Group at MIT's Laboratory of Computer Science. SLS is a world leader in dialogue systems research.  Their Galaxy architecture has become the DARPA standard for spoken dialogue architectures, and will serve as the basis for our architecture. MIT's involvement will focus on issues related to architecture, modality selection, multi-modal/multi-media interaction, and experimentation/evaluation.

Kara Latorella, PhD, from NASA’s Langley Research Center, will develop and empirically validate a vocabulary for multi-modal human negotiation of interruptions to provide Mobius with sensible expressions for human-machine control of interruptions.

In summary, ATL’s Mobius program represents a powerful new form of augmentation that includes intuitive and intelligent strategies that supplement “negotiated interrupts” for switching among task contexts, and enhance the ability of C2 personnel to cope with multiple interleaved tasks. Specifically, users will be able to spend more time on-task with less time required to manage interruptions and to recover from interruptions. A vital key to our approach is the fact that the system’s capabilities will be driven by the constraints and requirements of C2 environments. 
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C.2.1 Functional Overview (hhm, 08/24)

The goal of DARPA’s Augmented Cognition BAA is to improve the information management capacity of the human-computer relationship.  One of the greatest challenges in this relationship is the damage to information oriented tasks caused by interruptions of the human.  The computer side of the partnership is typically very primitive in this regard.  It has little understanding of the nature of the context shift that accompanies an interruption.  It has no understanding of the physio-cognitive state of the human.  These inadequacies severely limit the potential for improving the human-computer relationship.

Clearly, a more intelligent approach to the interruption process is required.  The LM ATL team envisions an intelligent interruption system, which it’s calling Mobius, that would employ knowledge of task context, understanding of user state, and advanced techniques drawn from recent findings in cognitive research.

One way to view the functionality of such a system is to partition the functions into “pre”, “during”, and “post” interruption phases.  LM ATL’s model of intelligent interruption functionality is shown in Figure C.1.2-A.
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Figure C.1.2.-A

The emphasis of the proposed work is in the “before” phase.  This choice was driven by the need to get foundational capabilities in place before moving on to functionality in other phases.  The selection of four focus areas with the “before” phase was driven by the decision to leverage the work being done by LM ATL in its RCAI augmented cognition contract, and by the goal of being able to provide demonstratable progress within the one year base program.

The centerpiece of the base year work will be the capability to do Interruption Strategy Determination.

In the text that follows, there will be descriptions of the four research focus areas and their relationship with functionality being leveraged from the RCAI contract.

C.2.2 "Functional Description"

Our Mobius technology engages warfighter's vast innate cognitive capabilities at each phase in the disruption process to empower them with revolutionary capability in managing multi-context switching.  Our technology will enable warfighters to succeed in their multitasking activities by allowing them to easily switch between contexts and control their role in supervising a host of automated systems.

[image: image1.wmf]
Figure ###.  The three phases of human disruption and the Mobius full-spectrum support for engaging warfighters' innate cognitive talents for managing multitasking.

C.2.2.1
Problem

Interruptions are disruptive and people need to concentrate to make good decisions.  However, people's job successes also frequently depends on their ability to: (1) stay in constant touch with their dynamically changing information environments, and (2) effectively supervise and exploit a host of backgrounded autonomous services.  These critical abilities can require people to perform constant simultaneous querying of a large set of information sources and monitor for important events.  People generally recognize their cognitive limitations for simultaneous mult-channel polling and they welcome computer technologies that provide these services and the interruptions they cause.  These interrupting technologies are already wide-spread and include: concurrent multitasking support; mixed-initiative interaction; delegation and supervisory control of automation including intelligent agents; and many other kinds of distributed backgrounded services.  Unfortunately, the literature shows that user interface design for human interruption is extremely complicated and that it can cause people to make mistakes if not done well.  There is hope, however, because although people have poor ability to sustain simultaneous polling tasks, they have great capacity for managing concurrent activities when given specific kind of support.  User interface solutions for human interruption may succeed by leveraging this human cognitive strength and giving people the subtle information and controls they need to manage interruptions.  

Interruptions, by definition, affect people's behaviors.  Researchers have observed these effects empirically.  Zeigarnick (1927) was first to publish in a series of experiments by K. Lewin and his students on the relation between interruptions and selective memory.  This work is the basis of a classic effect from psychology called the Zeigarnik Effect (Van Bergen, 1968).  This effect describes a finding that people are able to recall the details of interrupted tasks better than the details of uninterrupted tasks.

Researchers have since documented other effects of interruption.  Cohen (1980) found that unpredictable and uncontrollable interruptions put stress on people that can negatively affect their performance after interruptions.  Interruptions can cause an initial decrease in how quickly people can perform post interruption tasks (Gillie & Broadbent, 1989; Kreifeldt & McCarthy, 1981).  They also can cause people to make mistakes and/or reduce their efficiency (Cellier & Eyrolle, 1992; Gillie & Broadbent, 1989; Kreifeldt & McCarthy, 1981; Latorella, 1996a, 1996b, 1999 ).

C.2.2.2
Background

We have direct research experience with multi-context switching support technology that address the problem of human interruption.  This experience includes:

· Our RCAI (Recovering Context After Interruption) seedling project under this DARPA Augmented Cognition Program (currently in contract negotiations with through ONR) will produce novel technologies that address the problem of recovering context after being interrupted.  Our approach focuses on three things: (i) a task priority mechanism; (ii) an interruption broker or "barge-in broker"; and (iii) dialogue management support for supporting different concurrent task contexts.

· Our HAIL (Human Alerting and Interruption Logistics) research and technology (McFarlane, 1997, 1998, 1999).  This was pioneering work on human interruption produced some general theoretical tools (a definition and taxonomy of human interruption) and some research findings for applied technologies for interruption coordination support.  This early work was performed at the Navy Center for Applied Research in Artificial Intelligent at the Naval Research Laboratory, and is the core of our KSA FNC HAIL-SS (HAIL - Surface Ship) project that has been selected for funding to start FY'02.

· Our NASA Langley teammate, Dr. Kara Latorella's, pioneering IMSM (Interruption Management Stage Model) theoretical model (Latorella, 1996a, 1996b, 1998), and her experience observing interruption effects in operational flightdeck environments related to multimodal differences in operators' current work contexts and the interruption modes employed.

· Our successful LCS (Listen, Communicate, Show) technology currently funded under the DARPA Communicator Program (###[reference])  We are leveraging our success in multimodal spoken interfaces with our RCAI seedling to create new multi-context switching support for multimodal interfaces.

· Our TCM (Task Context Management) technology.  This was built [###the rest of the TCM description here]

C.2.2.3
Approach

Our approach is to make the Mobius technology engages warfighter's vast innate cognitive capabilities at each phase in the disruption process. This will result in maximal "brain on task" and result in the greatest possible improvement in warfighter capability for successful multi-context switching. The three phases of multi-context switching are before, during, and after (see figure ###).  Each phase requires different kinds of decision support.  We describe the different support topics identified in figure ### and list important technology issues related to creating each.

1. The "Before" Phase

a. Alert Priming.  This is giving the user a "heads-up" that an interruption is happening.

· Semantically coded announcements of interruptions;

· Context bookmarking;

b. Interruption broker.  This mechanism manages the whole transition from one task context to the next.

· Strategy determination for interruption coordination;

· Modality selection;

· Support for user-controlled multimodal negotiation;

c. Auto detect context switch.  This identifies when the interruption/distraction begins.

· Context tracking and detection of unexpected change;

d. Priority management.  This determines the relative importance/relevance of the interrupting task to the user's current task context and their overall multitasking goals;

· Context semantics representation and tracking;

· Dialogue management support for arbitrarily nested concurrent contexts;

· Representation of relative type and amount of cognitive resources required by both current task and interrupting task.


2. The "During" Phase

a. Save context.  This records the total multi-context to facilitate recovery in the "after" phase.

· Observe, represent, record and disseminate context logging.

b. Feedback on background tasks.  This provides unobtrusive information about the status of backgrounded tasks to facilitate situation awareness (SA) for resuming those contexts after interruption.

· Delivery of status information in efficient, effective, non-intrusive ways.

c. Trust.  This provides the user with meta-level information about the system to enable trust or confidence that the expected services are actually being delivered.  The user has to have confidence that everything is going well with the tasks they're currently away from.

· Mechanisms for enabling trust;

· Meta-level information presentation and access control.

3. The "After" Phase

a. Time compression.  This prepares historical summaries that emphasize the "important" event and skip over the "unimportant."

· Semantic summarization.

· Representation of summarized information.

b. Auto detect context switch.  This identifies when the interruption/distraction ends.

· Context tracking and detection of expected completion of tasks.

c. Replay control.  This provides powerful and flexible replay of context bounded either by bookmarks or time intervals.

· Efficient full control over replaying context including fast forward, rewind, jump, etc.

· Presentation design for combining replay capability with simultaneous live data feeds.

d. Synchronization with real-time.  This brings the user out of replay and into the current live data stream.

· Support for catching up to the live feed includes the ability to break out of the infinite loop of "show me what I missed while I was seeing what I missed."

C.2.2.4
Summary 

Mobius maximizes the warfighter's ability to exploit their own untapped innate abilities for multitasking and empowers them to exploit the benefits of powerful intelligent computer assistance at all the difficult points in the multi-context switching process.

C.3 Constructive Plan 

C.3.1 Plan Overview

In the proposed work, we’ll be expanding on our existing DARPA AugCog contract "Recovering Context After Interruption" (RCAI).  We'll be extending and adapting the Galaxy plug-and-play dialogue management architecture that we used in our LCS and RCAI contract work.  And we have assembled a team of leading researchers and technologists.  In adopting this approach, and employing own cognitive research (McFarlane 97, 98, 99) background, we’ve struck a balance between tangible results vs. development of new technology.

In each of the years, from the one year base plan through our four option years, we’ll run a pair of demonstrations, and we’ll run a pilot experiment and then final experiment.  The demonstrations provide the tangibility.  The experiments will evaluate and guide the new technology efforts.

The base program builds on the existing RCAI contract, and centers on developing a capability to do Interruption Strategy Determination.  The option years are designed to build on the base program capabilities, and to each have an experimental question that can be answered.  The base and option year experiments are described in Section {?}.  The areas of emphasis in each year are represented in Table C.3.1-A.

Table C.3.1 Year by year Program Emphasis

Year
Interruption Strategy Determination
Physio-Cognitive Assessment
Alert Classification
Multi-modal Management of Interruption
Architecture

Baseline
Based on RCAI prioritization, and a first set of Physio-Cognitive Indicators
First set of Physio-Cognitive Sensors
RCAI prioritization
RCAI modalities
RCAI, plus Interruption Scheduler, Mediation Manger, Interruption Strategy Determination, Physio-Cognitive Sensor Servers, and Physio-Cognitive Assessment Server

Option 1

Full set of Physio-Cognitive Sensors
Context-based classification

Option 1 plus additional Physio-Cognitive Sensor Servers

Option 2

Enhanced to determine user’s currently engaged faculties

Modality selection based on Physio-cognitive assessment and alert classification
Option 2 plus Modality Selection server, additional Modality Generation servers, and additional Device I/O servers

Option 3



Multi-modal input for user’s interruption control
Option 3 plus additional Modality Understanding servers, additional Device I/O servers, and Modality Fusion server

Option 4
Based on full Physio-Cognitive Assessment, Alert Classification, and input from user’s interruption control


Augment with input from Interruption Strategy Determination


C.3.2 The Team

Dave Warner MD PhD is a Medical Neuroscientist, the Director of Medical Intelligence at MindTel, and a Research Professor for Computer & Information Science and Electrical & Computer Engineering at Syracuse University.  He has an extensive background in hardware and software technologies for non keyboard and mouse based human/computer interfaces.  He will supply the team with technology for assessing user physio-cognitive state.

The Spoken Language Systems (SLS) Group at MIT's Laboratory of Computer Science is a world leader in dialogue systems research.  Their Galaxy architecture has become the DARPA standard for spoken dialogue architectures, and will serve as the basis for our architecture.  Victor Zue, head of the SLS Group, is an acknowledged expert in the field of conversational systems and chairs the Information Science and Technology (ISAT) Study Group for DARPA.  MIT also provides technology and experience related to their Oxygen Project, which aims to create ubiquitous intelligent computing resources to the mass populace.

MIT's involvement will center around issues related to architecture, modality selection, multi-modal/multi-media interaction, and experimentation/evaluation.

WHO:Dr. Kara Latorella

WHERE: NASA Langley Research Center

WHAT: invent and empirically validate a vocabulary for multi-modal human negotiation of interruptions in multi-tasking

WHY: Mobius needs sensible expressions for human-machine control of interruptions; Dr. Latorella has published research about modality and task considerations of interruption; NASA has high-fidelity cockpit environments for controlled experimentation

SENTENCE: Dr. Latorella, a NASA expert on the modality and task effects of interruption, will invent and empirically validate a vocabulary for multi-modal human control of interruptions.

C.3.3 Evaluation approach

Our base program will provide answers along the dimensions of both feasibility and benefit.  We will not only build interruption strategy determination functionality, but we'll design and run a set of experiments that will measure its effectiveness.  Early experiments in the program will also help to identify which interruption strategies are most suited to what circumstances.  The results of all of the base program’s experiments will guide the expansion of functionality we're proposing in our option years.   

C.3.4 Summary

C.4. Technical Approach


Overview/General Approach/Concept Integration
Jody D.

C.4.1 Automated Strategies 
Our Mobius technology approach focuses on delivering dynamic, context-appropriate, interruption coordination support that allows people to maximize their cognitive resources for mulit-context switching.  Our solution includes default support based on user-controlled negotiation from our finding in the HAIL research (McFarlane, 1997, 1998, 1999); the solution then adds on top of that intelligent support for automatic strategy determination to exploit those cases when the negotiation solution is not appropriate or most efficient.  This allows warfighters to exploit the different benefits of each different interruption coordination solution by using them all in appropriate contexts.  

C.4.1.1
Background on Interruption Coordination Strategy Solutions

A set of new interdisciplinary theory-based tools provides a general definition and taxonomy of human interruption (McFarlane 1997, McFarlane 1998). This taxonomy identifies eight major dimensions of the problem of human interruption that are exposed in the current literature. The third factor from the taxonomy, Method of Coordination, is a critical aspect of human interruption that has not yet been directly investigated.

The Method of Coordination is the technique used to decide when to interrupt people. The taxonomy identifies the four known ways of coordinating user-interruption: (1) immediate, (2) negotiated, (3) mediated, and (4) scheduled. No comparison of the relative utility of these four design approaches exists in the current literature. Instead, previous research focuses only on the separate individual solutions without comparing the alternatives. 

McFarlane (1998, 1999) compared all four methods for coordinating user-interruption within a common context. A fictitious example can illustrate the four user interface design approaches for determining when to interrupt people. Suppose that a person is performing two tasks concurrently: (1) indirectly driving a car by supervising a robotic driver, and (2) conversing with another human passenger in the car. Whenever the robotic driver must initiate an interaction with its human supervisor it must first interrupt them from their conversation. An immediate solution would have the robot interrupt the person at any time in a way that insists that the person immediately stop conversing and interact with the robotic driver. A negotiated solution would have the robot announce its need to interrupt its supervisor, and then support a negotiation with the user. This would give the person control over when to deal with the interruption. A mediated solution would have the robot not directly interrupt its supervisor, but instead contact the person s PDA (personal digital assistant) and request interaction with the person. The PDA would then determine when and how the robot would be allowed to interrupt the person. A scheduled solution would restrict the robot to interrupt its supervisor on a prearranged schedule such as once every 15 minutes. 

Driving errors are more serious than conversational errors. Therefore a successful user interface design for a robotic driver would have to ensure people s performance on the supervised driving task regardless of the side effects on other activities. However, there is not enough design knowledge available in the current literature to say which Method of Coordination would be best for this problem, and different people have surprisingly different intuitive answers. 

Prior studies have looked at topics related to each of the four Methods of Coordination.  One cost that has been identified for the immediate solution is that people experience a troublesome initial decrease in performance called automation deficit when they try to resume interrupted tasks (Ballas et al. 1992). A few authors have investigated ways to help users more easily resume interrupted tasks. For example: awareness of backgrounded tasks can be heightened with sonification; reminders can prepare people to resume interrupted tasks (Davies et al. 1989); and tools can be devised to help people quickly review interrupted tasks when resuming them (Field 1987). 

The negotiated solution is an attempt to exploit people s natural ability to negotiate changes in their activities. Clark (1996) says that in normal human-human language usage people have four possible responses to interruption: (1) take-up with full compliance, (2) take-up with alteration, (3) decline, or (4) withdraw. Some papers have investigated usefulness of presenting interruption in ways that allow people to ignore them if they choose. Katz (1995) found that there are overhead costs related to negotiating interruptions, and that users sometimes prefer immediate interruption solutions when that overhead cost is not justified.

The mediated solution is an attractive but controversial approach. Delegating the interruption problem to a mediator begets a new task of supervising the mediator (Kirlik 1993). There are five main approaches for mediation: (1) predict people s interruptibility (Miyata & Norman 1986); (2) implement intelligent user interfaces for supervision tasks; (3) automatically calculate users cognitive workload for dynamic task allocation; (4) apply human factors techniques for supervisory control; and (5) use cognitive models to guide interaction. 

The scheduled solution is an attempt to give a degree of reliable expectation to a user about when they will be interrupted. In many ways, scheduling times for unexpected activities transforms interruptions into normal planned activities. Time management training has been found to have a positive effect on people s ability to manage interruptions. 

C.4.1.2
Strengths and Weaknesses of Each Coordination Solution

Each coordination solution has its own strengths and problems.  Our technology will deliver the combined strengths of all solutions by dynamically creating coordination support that matches the task context and the warfighter's innate cognitive abilities.

Being interrupted affects people.  Unfortunately, the results of this experiment reveal that there is no one “best” choice of method for coordinating interruptions for all kinds of human performance.  There are instead, trade-offs.  The results of the objective metrics used in this experiment support two basic generalizations relative to the experimental multitask.  First, people perform very well when they can negotiate for the onset of interruptions, however, giving people this kind of control also means that they may not handle interruptions in a timely way.  Second, when people are forced to handle interruptions immediately, they get the interruption tasks done promptly but make more mistakes and are less effective overall.  Table ### shows the four primary coordination solutions and their context-relevant strengths and weaknesses for application.  (Note that these strengths and weaknesses represent validated empirical findings from our foundational HAIL research.)

Table ###: No Single Best Coordination Solution for All Contexts

Design Goal
Best
Worst

Accuracy on Continuous Task
Neg.
Sch.

Efficiency on Continuous Task
Neg./Med.
Imm./Sch.

Fewest Task Switches
Sch.
Imm.

Accuracy on Intermittent Task

Imm.

Completeness on Intermittent Task
Imm./Med.
Sch./Neg.

Promptness on Intermittent Task
Imm.
Sch./Neg.

Efficiency on Intermittent Task
Neg./Sch.
Imm.

Keying Accuracy
Neg./Sch.
Imm.

User Preference
Neg./Med.
Imm./Sch.

User Perception of Their Own Accuracy on Continuous Task
not Imm.
not Neg.

User Perception of Least Interruptive
Neg./Med.
Imm./Sch.

User Perception of Most Predictable
Sch./Neg.
Imm./Med.

User Perception of Complexity of Continuous Task when Interrupted
Neg./Med.
Imm./Sch.

Individual’s Subjective Value
Individual’s Performance Level

Best preferred
Best effectiveness and efficiency on the continuous task; best efficiency on intermittent task; and best overall keying accuracy

Best ease of use
Best accuracy on intermittent task

Worst interruptive
Worst effectiveness and efficiency on the continuous task; worst efficiency on intermittent task; and worst overall keying accuracy

Worst distractive
Worst effectiveness on the continuous task; and worst accuracy and efficiency on intermittent task

Best predictability of interruptions
Best efficiency on intermittent task; and best overall keying accuracy; However, also worst completeness and timeliness on intermittent task

Best timing of onset of interruptions to occur when continuous task is not difficult
Best effectiveness and efficiency on the continuous task, and best efficiency on the intermittent task


The Basic Interruption Coordination Solutions

The Mult-Context Switching Phases
Immediate
Negotiated
Mediated
Scheduled

Before Interrupt to facilitate Detection of more important interruptions, and minimize Diversion from more important ongoing tasks.
Leverage human pre-attentive processing for situational awareness of potential interruptors
Provide conventional interrupt "spaces" where user can expect all interruptions to present themselves for negotiation

Visible clocks or other tools for increasing the predictability of scheduled transitions

At Interrupt Initiation, to facilitate Interpretation, and minimize Distraction.
Semantically-loaded warning announcements with brief delay before onset of interruption task to afford context rehearsal
Support efficient quick user assessment of the purpose and bounds of interruptions.  Provide control communication



During Interrupt, to facilitate Integration and minimize Disturbance.
Support situational awareness of interrupted task
SA and easy switch out control



After Interrupt, to facilitate Resumption and minimize Disruption.
Context recovery support including action reminders and replay capabilities




C.4.1.3 


- Why dynamic selection is hard

- User control foundation

- The seedling

- Dependencies on other Mobius technologies

- Context relative selection

- Human capability for synchronization of interaction methods

PROOF -- SPECIFIC DETAILS AND APPROACH:

- HAIL research

- Latorella's research

C.4.1.4

Summary and Closing Statement

The Mobius technology combines the basic solutions for coordinating interruptions and provides intelligent dynamic support to deliver context-relevant interaction support that maximizes human capability.  The fact that automation is not likely to ever be 100% accurate in predicting what's best is supplanted with a clear foundation of explicit user control that is always accessible.

C.4.2
Physio-Cognitive Indicators (Dave Warner, Syracuse)

C.4.3 Alert Classification

Another major focus of our multi-modal, cognitive approach to intelligent interruption is the dynamic, context-based classification of alerts. By classifying alerts, a system can more intelligently aid the user in prioritizing them. We propose to build upon our work in the RCAI contract and previous work in context-driven processing to construct and test methods for alert classification.

Intelligent interruption requires some method for prioritizing alerts, since in operational settings, not all tasks are created equal. Simple static prioritization of alerts is not a complete solution, given that tasks’ relative importance may change depending on the user’s operating context. For example, alerts concerning the receipt of routine intelligence updates  pale in importance to fire team coordination when the recipient of the alert is in the field and under fire. However, the routine intelligence update alert may in fact be more germane to the user’s context in cases where the fire team is not engaged in any combat activity. 

The dynamic nature of alert prioritization requires a technical solution that can dynamically classify alerts based on information about the user’s context and the nature of the interruption. If alerts can be classified accurately, the added control over the alert ordering process (whether automatic or manually by the user) should result in fewer unnecessary interruptions of the user.  Context-based alert classification should also support a more streamlined workflow in which the tasks most critical to a given context are always performed early and efficiently.

Our approach will build upon the basic prioritization scheme from the RCAI contract.  RCAI specifies the use of a priority stamp on agent-based information services to determine overall importance of a given task.  The RCAI priority scheme is limited to a three-value priority system: low, medium, and high.

Our first extension to the basic RCAI alert prioritization mechanism will be to add the ability to prioritize within a particular context.  This context may be defined at a coarse level, such as which screen of a display is active, or at a finer level, such as determining the task or subtask goals toward which the user is working.  For the latter contextual definition, we will leverage LM ATL’s experience in using cognitive and behavioral task models to infer operator intent in programs such as the Navy’s Advanced Embedded Training (AET) ATD and Multi-Modal WatchStation (MMWS) program.

We will test the benefits of our context-based prioritization by performing experiments that compare the performance of test subjects in an operational scenario while using a system that either does no alert prioritization, performs prioritization based on a static globally-determined scheme, or prioritizes alerts based on the user’s context. By contextually prioritizing alerts, we expect to improve the efficiency of users operating with interruptions when compared with the results of the RCAI contract. In addition, the accuracy of our prioritization scheme will be evaluated by asking users to prioritize alerts themselves and comparing them to the priorities produced by the system. 

Given the results of the initial alert classification experiments, we will further extend our approach by replacing context-based prioritization with context-based classification. By classifying alerts based on their content and their relation to the current context, we can provide both the user and intelligent interruption mechanisms with a finer granularity of information about the alert.  This extra dimension of alert labeling should aid the user in making more informed decisions in ordering interruptions.  Classification will also support automated interruption mediation by providing contextual cues for more robust alert prioritization.  In addition, alert classification will be a major indicator used by our interruption strategy technology discussed in section C.4.1.

In evaluating our final demonstration prototype of alert classification methodology, we will again perform side-by-side comparisons between our enhanced technology and ancestral systems.  Key to this experiment is the determination of whether context-based classification information is a helpful cue to users in progressing through interruption and selecting tasks to perform.  Our experiment will measure the overall task efficiency of users who are given this classification information compared to the efficiency of users who do not receive classification information. 

C.4.4
Multi-Modal Management of Interruption

C.4.4.1
Goals and Benefits

Multi-Modal Management of Interruption will enhance the ability of C2 operators to multi-task by selecting modalities for interruption output and providing modalities for interruption control which are “cognition sensitive.”  Cognition sensitive interruption is our concept for Mobius whereby a machine actively coordinates the combination of presentation and manipulation modalities for context-switching. This is done to optimize the engagement of human cognitive faculties as well as to maintain the priority of mission-critical tasks.  The goal is to aid multi-sensori-motor interaction between machine and human.

The two functions of Multi-Modal Management are (1) determining which output modality to present alert information, and (2) providing input modalities to control interruptions concurrent with task execution.  Appropriate selection of output modalities should utilize multiple human senses while minimizing cross-modality cognitive interference.  Similarly, appropriate creation of input modalities should utilize multiple human motor skills while minimizing cross-modality physical interference.

The anticipated benefits of Multi-Modal Management are more immediate comprehension of alert information, more immediate execution of interruption controls, more coherent interruption, and greater retention of situation awareness.  Our approach is to support intelligent interruption by engaging cognitive faculties effectively across modalities.  Thus, Multi-Modal Management of Interruption will augment human cognition by coordinating the use of modalities to exploit the innate parallelism of human sense and action.

C.4.4.2

Challenges

The overall challenge is to choose modalities for intelligent interruption considering the user, the alert, and the task involved.  Although contemporary machines often use multi-media input and/or output, existing systems are inflexible and un-intelligent with their presentation and manipulation modalities.   Intelligent interruption requires new software capabilities centered around multi-modal flexibility (representation and translation of input/output across available modes and devices) and multi-modal coordination (characterizing effects and choices of modality).  Successful Multi-Modal Management therefore requires the synthesis of several specific developments:

· representing features of available modalities

· characterizing combinations of modalities

· establishing criteria to select output modalities

· devising input modalities for expressive concurrency

· structuring modality-neutral information

· understanding multi-modal input

· generating multi-modal output

Capturing available modalities and characterizing combinations of modalities requires new data representations.  These representations must express modality dimensions and features that are practical to discriminate among a variety of devices and modes.  Available modalities can be derived from data about the devices present on the user’s hardware platform plus modes supported by software.  Combination characteristics express the types of relations between modalities.  It is important to capture the dependencies of modalities for the user on the move because device configuration and operational considerations may restrict choices of modalities.  It is important to characterize modality combinations so that the full nature of machine interaction with the human can be coordinated.

Establishing criteria for selection requires an empirical understanding of cognitive effects of task and interruption modalities.  The ability of humans to notice, comprehend, and respond to an alert is affected by several contextual factors of the interruption.  One factor is the user’s alertness and cognitive load:  the selectivity of the user’s attention affects how quickly the user notices alerts in modalities beyond the interrupted task focus.  Another factor is the syntactic compatibility between the alert and task, i.e. whether they involve similar structures/procedures:  the user’s comprehension of an alert may be hampered by the need to translate alert information into a form compatible with other task information.  A third factor is the semantic compatibility between the alert and task, i.e. whether the information is presented in terms of the same topic:  semantic compatibility affects which knowledge is considered and thus how quickly the user decides upon a response.

Expressive concurrency, for control of interruptions, requires a modality that does not contend with cognitive resources employed by operational tasks.  An alternate modality may utilize a novel input device for a previously unused human physical ability or a novel interaction mode with expressions unlike those in the existing operational task.

C.4.4.3  Solution

We will use an extension of the Galaxy architecture to provide the multi-modal flexibility required for Multi-Modal Management of Interruption.  The enhanced architecture will accommodate modality-neutral information, multi-modal input, and multi-modal output.  Section C.5 describes in more detail how the Mobius components will communicate.  Processing for Multi-Modal Management is primarily served by Modality Selection, but also involves servers for Modality Understanding, Modality Fusion, and Modality Generation.

Multi-Modal Management will select output modalities depending upon data from several sources:  Alert Classification, Interruption Strategy Determination, and Physio-Cognitive Assessment.  Alert Classification provides context-based prioritization, informing MMMI whether the interruption might present a lengthy or significantly different task.  Interruption Strategy Determination is how the machine schedules interruptions, informing MMMI whether the interruption should invade the human’s active modality.  Physio-Cognitive Assessment indicates the human’s state, informing MMMI how about the human’s attention and cognition load.  So, altogether these sources capture a variety of measures from the human’s task environment.

We will rely upon findings from basic research in psychology and applied research in human-computer interaction to ground how those data sources form criteria.  Basic research in psychology has developed theories about perception, memory, attention, and motor skills that explain the capacities and relations of human cognitive faculties.  Applied research in human-computer interaction has studied the effect of interface designs upon operational performance.  In particular, Latorella (1998) studied the effects of modality on interrupted flight deck performance.  Her findings detail the interaction of interruption modality, task modality, and cross-modality factors.  She makes recommendations to abate the disruption of interruptions.  Latorella’s work is therefore useful to understand operational effects of modality selection.  With further experimentation, we will use her efforts to devise and validate an algorithm for modality selection.

We will incorporate an existing software framework by Vernier and Nigay (2000) to represent the characteristics and combinations of output modalities.  Their framework describes dimensions to identify combinations of modalities and defines properties for considering output modality characteristics from both the user and system perspectives.  Our algorithm for modality selection will operate on representations of task and interruption modalities in terms of Vernier and Nigay’s framework.

We will experiment with gesture, blow-tube, and speech modalities for interruption control.  The possibilities have established input devices and software mechanisms, but are new in their use for interrupt negotiation.  They will provide the human user with expressive concurrency for more effective interruption control.

C.4.4.4  Experiments and Demonstrations

We will conduct experiments with users in simulated operational scenarios of varying task and interruption complexity.  We will evaluate the effectiveness of Multi-Modal Management on measurements of task completion speed and accuracy.  We will demonstrate different modality selection depending upon interrupted task, interruption strategy, and user state.  Also, we will demonstrate the feasibility of alternate modalities for interruption control.

C.5. Mobius System Architecture

The intelligent interruption mechanisms we propose to develop will require a flexible underlying architecture that can support both interaction in a wide variety of modalities and control of all four interruption techniques.  We will base our approach on MIT’s Galaxy architecture a distributed, plug-and-play architecture that is the official standard of the DARPA Communicator program.  We will enhance this base architecture to fulfill the required Mobius functionality.  These enhancements are listed in Table XX and described in detail below.

Need
Current Capabilities
Proposed enhancements

Reconfigurable
Distributed, server-oriented plug-and-play design, programmable Hub
None

Supports fast redevelopment/enhancement
Plug-and-play design, programmable Hub
None

Supports data collection
Supports dialogue-related logging of system operation
Additional measurements for logging

Supports multi-modal operation
Supports spoken dialogue understanding
Additional modality servers, modality selection server, modality fusion server, additions to communication frame structure 

Supports use of multiple devices
Supports wide variety of audio devices
Additional servers for other devices

Supports dynamic switching between multiple control schemes
Turn Management server drives interaction control
Interruption Strategy Determination server selects the appropriate interruption interaction server for control

Supports easy integration with military information systems
Specialized agent application servers
Standard application server API

Table 1  By enhancing the Galaxy architecture, we can support the architectural needs of Mobius
C.5.1 Architectural Needs

Our proposed research in intelligent interruption makes several demands on any underlying architecture used to construct the Mobius system.  The architecture must be able to function with several different configurations of functional servers and be able to interact via a wide variety of devices with a user.  It must also be able to support the collection of data required by the experiments described in section H. 

Since our research program relies heavily on the use of multi-modal interruption techniques, the candidate architecture must be able to support communication in a number of different modalities in several media.  That is, the architecture must be capable of communicating with a number of different physical devices and representing the information resulting from this communication.  Because we will experiment with different sets of modalities, the architecture should be quickly and easily reconfigured to adapt to new requirements for device and modality support.

Our experiments with different interruption strategies will require the architecture to handle several control schemes.  The timing and control mechanisms needed for negotiated interruption are, for example, quite different from those needed for mediated negotiation.  The candidate architecture must be capable of supporting all of the required mechanisms and should be able to switch among them on demand.

Successful experimentation and evaluation will require a large amount of performance data.  The candidate architecture must support this data collection.  Additionally, since our experimental design will evolve across the lifespan of the program, the architecture must be flexible enough to allow changes in the data collection requirements.

Finally, since our operational validation will involve the integration of our intelligent interruption technologies with military information systems, the candidate architecture must provide a method for easily linking the interruption system with a backend application.  This method must be sufficiently expressive to allow for full information transfer between interface and application, but not be so complex as to make application integration unmanageable.

C.5.2 The Galaxy Architecture

The Galaxy architecture was constructed by MIT for support of spoken dialogue systems.  It is the official standard architecture for the DARPA Communicator program, making it the de facto standard for DARPA spoken dialogue research.  Galaxy’s success in supporting dialogue in speech systems and its flexible system requirements underscore its excellent qualifications as the architecture-of-choice for our interruption research.

Galaxy is a distributed, plug-and-play architecture.  The interaction process is implemented by a set of specialized servers that communicate with each other through a programmable hub.   This hub controls the execution flow of the overall system, and is programmed by a set of rules that use the operating context to cue further system behavior.  Communication is accomplished through a frame-based message-passing protocol.  Servers finishing their execution cycle send the results of their computations as key-value pairs within the frame to the hub, which decides on the next appropriate server to become active based on its rule-driven analysis of the frame.  Because this control mechanism handles execution flow asynchronously, the Hub handles the addition and deletion of servers gracefully and can be programmed to handle multiple simultaneous threads of execution.  This flexibility will ease the process of reconfiguring the system to support modalities beyond spoken language and the addition of new servers to control interruption.

[image: image2.wmf]The ability to log execution flow through the Hub is a main feature of the Galaxy architecture.  The Hub can be programmed to log the arrival and dispatch of messages, as well as the messages’ frame content.  In addition, the Hub can instruct servers connected to it to log the beginning and ending of their execution cycles, providing valuable timing information.  This logging capability has allowed LM ATL’s Listen, Communicate, Show (LCS) program to monitor the progress of its technology through several Operational Field Experiments (OFEs) held in conjunction with Marine exercises.  We have modified Galaxy’s logging scheme in the past to add monitoring of experiment-specific measurements.  This experience will aid us in adding new metrics to be captured for Augmented Cognition experiments.

Figure XX shows the structure of the LCS Galaxy-based system along with enhancements made for the RCAI contract.  LCS is a spoken dialogue system that has been used to construct several DoD spoken dialogue applications, including the Spoken Language Interface used by the ONR-funded Marine Small Unit Logistics ACTD.  An Audio Server interfaces with the physical audio I/O device.  Several servers that perform speech recognition, natural language understanding, and the contextual mapping of the current utterance being processed to the dialogue’s history process input speech.  On the output end of the process, servers perform text generation and text-to-speech synthesis.  A server called the Turn Manager lies in between the two ends of the process, taking the contextually relevant semantic understanding of an utterance and deciding the appropriate application action to take in response.  To support negotiation of interruption, RCAI adds a negotiation server to the architecture to control interaction and timing of negotiated interruptions.

Communication between a Galaxy-based system and the backend application is accomplished through an application server that translates hub frames into instructions for the application.  In the LCS program, we have found that LM ATL’s Extensible Mobile Agent Architecture (EMAA) provides an excellent middleware layer upon which to build a substantially generic application server.  EMAA agents have been used successfully to integrate legacy stove-piped military information systems in numerous DARPA programs and in military exercises like the Navy’s Fleet Battle Experiments.

C.5.3 Required Enhancements

Although Galaxy provides an excellent foundation for our proposed experiments in intelligent interruption, some enhancements must be made to ensure success.  These additions are visualized in Figure XX.

[image: image3..pict]
Because we will want to experiment with interruption interactions in more modalities than speech alone, the current Galaxy architecture must be enhanced to handle these new modalities.  This will require the creation and/or integration of servers particular to those modalities with the system.  Servers to control interaction with each type of media device must be added.  Servers to implement the understanding and generation of the particular modalities must also be integrated.  To support communication between these servers, frames must be designed to embody the information being handled by these new modalities and media.  The new servers and enhanced frames will require the addition of new Hub rules to the system programming.

With the addition of new interruption strategy capabilities to the Mobius system, interaction servers specialized for each strategy must be added to the architecture.  Additionally, a server to govern interruption strategy and timing must be developed and integrated.  This interruption strategy determination server must select among and work with the system’s interruption.  This addition will also require the generation of new Hub rules to govern the interruption threads that the interruption servers will generate.

To support the analysis of the experiments central to our proposed research, the Hub must log in great detail the complex interactions brought about by the addition of the new servers described above.  We will program the Hub to log these new measurements, leveraging our experiences with OFEs in the LCS program.

Finally, we propose to create a standard API for our application server.  This API will be useful in integrating our own applications for testing, evaluation, and demonstration.  More importantly, the API will provide a solid connection for other Augmented Cognition participants to build upon to support future integration across all technologies produced by the program.  We foresee that the Galaxy application API will be built upon the API used for EMAA implementations like the LCS application server.

D. Deliverables

E. Statement of Work (SOW)
1.   INTRODUCTION

The Mobius team will research and develop a user-controllable interrupt management system.  Our one year base program coupled with four option years will result in interrupt management technology transitionable to numerous Command and Control systems.

2.  BACKGROUND

The Defense Advanced Research Projects Agency (DARPA) is conducting research to advance technology in the area of human-computer symbiosis. The technology is based on the interaction of cognitive, perceptual, neurological, and digital domains and should exhibit extensive capabilities for increased decision making support. Understanding in a detailed way of how the brain processes information, often under extreme stress, coupled with computing advances support DARPA's ambition to fundamentally re-engineer military decision making. To drive the development of these technologies, the program supports integrated systems technology demonstration projects for selected military applications.  Inclusive is the use of robust input-output methods that blend virtual representations across perceptual modalities; alternative input, output, display and communications resources; interactive intelligent agents; and alternative computing devices and paradigms.
3.  SCOPE

This task is for the research, development, demonstration and experimental evaluation of  this prototype capability Mobius at the individual warfighter level in operational (wargame) environments

Leveraging the results of the previous research and prototype evaluation on interruption strategies, interactive dialogue systems, [statement on sensors], [statement on multiple modalities], and intelligent mobile agents as a basis, the effort in this program is to perform the required research, design, develop, test, demonstration, and documentation of the prototype software for Mobius. It is important that the effort in this task be planned and performed in a manner that promotes the rapid transition of these technologies into commercial and DoD acquisition activities. 

One scenario in which the MINC Environment is conceptually quite valuable is that of Small Unit Operations by a force such as the US Army or Marine Corps. The individual warfighter, must have quick and easy access to continuously changing tactical and operational information; and he or she must have vital information integrated into an engaging environment that enables the warfighter to immediately comprehend that information’s impact on current and planned operations. The warfighter must be able to rapidly respond to this vital information and then return to the prior activity without a loss of information or a long synchronization time. Further, this must be done from remote sites. A second scenario is that of flight crew personnel who must rapidly and accurately process an array of parametric values while continuously operating. 

This flow of information must be continuous without being concurrently overwhelming or distracting to the system operator.

4. Work Breakdown Structure

4.1
Base Program

The Mobius team  will design and develop an interrupt management system prototype addressing  with limited functionality each of the major functional components required including Architecture, Multimodal interrupt Coordination, Cognitive Indicators, Interrupt Classification, and Interrupt Strategy Determination.  The team will also perform experiments to determine the criticality to effective interrupt management of each of the major functional components.

4.1.1 Requirements Definition and Design

4.1.1.1We will refine the domain specific research, project planning, requirement analysis, and domain specific knowledge acquisition required to understand and document the Interruption Environment prototype system requirements for MINC. Requirements research will include human-computer interface; communications; computing devices; utterances and dialogue; and computing requirements.  Requirement research will include as necessary a concept of operations; formalized knowledge acquisition methodology and tools; iterative prototype HCI; and scenario-based requirements evaluation.
4.1.1.2 We will maintain and update documentation of the researched requirements in a format and media that permits iterative, collaborative reviews and dynamic updates by domain experts, DARPA, and other members of the evaluation community.
4.1.1.3 We will maintain and update the design and documentation of the design for initial and subsequent Mobius prototype systems for each defined domain.  The design will be sufficient to enable evaluation of HCI elements; interfaces; APIs; and agent interactions. The design will include design of changes required to other developmental or legacy systems.
4.1.2
Development.

4.2.1 We will plan and develop a prototype of the Mobius. Prototype capabilities will include automated interrupt classification and strategy determination, modality selection, biologic/cognitive state determination, and general architecture development. 
We will shall develop the required interfaces and APIs to enable integration with the required tactical communications environments, other research prototypes, and legacy systems required for subsequent integration and demonstration based on the subject scenario and CONOP.
4.1.3
Integration and Test.

4.3.1
In conformance with the CONOP and demonstration scenario, we will integrate the prototype Mobius system with the other required research prototypes, legacy systems, computing devices, tactical or commercial communications systems, applications and operating systems.
4.3.2
During the integration effort, and in concert with the demonstration scenario and CONOP, we will iteratively test the Interruption Environment prototype system to ensure operability with supporting systems, communications, applications, devices, operating systems, and users.
4.1.4
Demonstration and Experiments. [NEED MORE ON EXPERIMENTS] 

4.4.1
We will perform the research, systems engineering and technical services to demonstrate the effectiveness of this research in relevant military and/or civilian scenarios and operating environments. 
4.4.2
We will perform the research, systems engineering and technical services to accomplish installation, training and onsite support of MINC prototype systems at operational sites. Demonstrations may also take place during military exercises requiring deployment of systems into realistic, military operational environments.
4.4.3
We will support ongoing operational demonstrations of these technologies, including creating, maintaining and operating testbeds.

4.1.4.4 Experimentation
4.1.5
Technology Transfer and Transition.

4.5.1
We will actively collaborate in the program community’s reviews and working groups to identify technology transition opportunities and influence the overall architecture and components in recognition of the key role which interruption will play in the continuous planning and decision making processes and in intelligent agent-based and/or spoken language based systems; or the integration of those technologies with these systems. [not quite right]

4.2 Option 1

More sensosr for other non-volitional indicators; Context-based Prioritization/ Classification

4.3. Option 2

Multi-modal output; Modality select based on nonvolitional cognitive indicators and interrupt classification; Determine the user-engaged faculties to help MMIC

4.4 Option 3

Multi-modal input; Volitional inputs: e.g., speech, brain trick, blowtube, gesture

4.5 Option 4

Augment with input from strategy determination; Strategy determination based on Yr. 1 and cog indicators and int. class

F.  Program Milestone Schedule

G.  Technology Transfer
H. Comparison with Ongoing Research

H.1
FEATURE 

The Mobius technology is a revolutionary combination of many heterogeneous human multitasking technologies and research findings.

H.2
BENEFIT:

Our proposed technology exploits the widest possible set of useful narrowly focused technologies and research findings to create the first "full-service" product for empowering warfighters in successful multi-context management.  We expect large, even order of magnitude, improvements in users capabilities for rapid context switching.

H.3
DESCRIPTION OF GRAPHIC WITH TITLE AND CAPTION:

{Diagram showing many of the narrowly-focused technologies and research findings and how they all come together and are combined with our original ideas to create Mobius.}

Title: Mobius Combines Many Useful Technologies and Research

Caption: The Mobius technology is composed of our original ideas and the useful results from many narrowly-focused technologies and research.

H.4.
PROOF

A.
General Supporting Technologies, Experience, or Research

· Mobius is unique as a full-service multitasking support product.

· No other technology research project has focused on maximizing the full-process engagement of people's innate cognitive capabilities for managing multi-context switching.

· Application examples: email, phones, alarms, reminder systems

B.
 SPECIFIC DETAILS AND APPROACH:

· Microsoft Research

· NASA Langley

· NRL

· MMWS

· NASA JSC

· HAIL

· CAI

· Psychology

· Linguistics

· Social psych

H.5
Summary 

Our Mobius technology exploits a large part of the available research findings, and combined with our original ideas based on the HAIL project, offers maximal support for human multitasking.

I. Key Personnel

Dr. Jody Daniels

•
Program Manager for the DARPA funded LCS-Marine program to provide a revolutionary spoken and visual interface and supporting intelligent agent technology for accumulating and assimilating information in support of combat operations in a number of scenarios.

•
18 years of experience in research and development of artificial intelligence technologies including case-based reasoning, spoken language understanding, and information retrieval. 

•
Support Level: 15%. Other programs supported: LCS – 40%, Internal Research and Development – 30%, Internal funding – 15%. 

Dr. Daniel McFarlane (ATL): World-recognized pioneer in research on human interruption and UIs for alerting. Principal investigator for NRL’s HAIL program from 1995-1999 (ref. endorsements and publications list on project home page: http://www.aic.nrl.navy.mil/hail/). Ten years in R&D of intelligent C2 systems for naval domains, including distinguished experience conducting human subjects experiments (NRL Outstanding Performance Award). Research project participation includes the Interactive Situation Assessment and Roll-up Tool project at NRL from 1991 to 1995 and the Multi-Modal Workstation/AUTOS (Automated Understanding of Operator State) project at ATL from 2000 to 2001.

•
World-recognized pioneer in research on human interruption and user interfaces for alerting. Principal investigator for the Naval Research Laboratory's HAIL program (Human Alerting and Interruption Logistics) 1995-1999. Scheduled to be the Principal Investigator for the Knowledge Superiority and Assurance (KSA) Future Naval Capabilities (FNC) project on alerting – HAIL-SS.

•
Ten years of experience in research and development of intelligent command and control systems for naval domains including distinguished experience in conducting human subjects experiments (NRL Outstanding Performance Award). Research project participation includes the ISART (Interactive Situation Assessment and Roll-up Tool) project at NRL 1991-1995 and the MMWS/AUTOS project at ATL 2000-2001.

•
Support Level: 30%. Other programs supported: Internal Research and Development – 70%.

Jerry Franke

•
Technical Lead for Automated Understanding of Task and Operator State (AUTOS) project for SPAWAR Multi-Modal Workstation (MMWS). Created technical guidelines for inclusion of intent inference into MMWS.

•
Software Lead for LCS-Marine program. Generated natural language parsing grammars, trained speech recognition models for spoken language interface, programmed agent display system, and conducted experiments during Marine Corps field exercises.

•
Scheduled to be the Lead for Technology Design and development for the HAIL-SS program

•
Support Level: 20%. Other programs supported: LCS – 40%, Internal Research and Development – 40%.

Others (?)


_______________


_______________


_______________

J.  Facilities


G.  Lockheed Martin Facilities

Lockheed Martin Advanced Technology Laboratories (ATL) has numerous facilities that are available for the RCAI team to use. ATL maintains a state-of-the-art computing facility, including hand-held and wearable computers, networked sun workstations, high-end PCs, and wireless computers. Highlights of ATL’s facilities include a testbed to implement mobile, intelligent-agent systems, providing a cross-platform environment to test their portability and fault tolerance in a variety of local-area-network configurations; a command, control, communications, computers, and intelligence (C4I) testbed to drive, test, and demonstrate AI-based systems; high-portability computing laboratory to test and evaluate highly portable computing systems, such as hand-held and wearable computers; and an advanced, embedded training testbed to improve shipboard operator and team-combat readiness through individually-tailored, enhanced, embedded training. ATL has developed DII COE segments compliant to Level 5 on several programs. 

The facility has top secret clearance, SCIF and supports various operating environments, including UNIX and Windows-based. The laboratory has been used to integrate with a number of key DoD and DARPA products including the DII COE, CSSCS, ASAS Remote Workstation, JOPES and JTAV data bases, the CoABS GRID, etc.

K.
Experimentation and Integration Plans

L.  Cost by Task
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The “before” phase: transitioning between contexts

The “during” phase: focusing on new context while preparing to resume previous

The “after” phase: recovering  and resuming previous context

Alert Priming

Interruption server

Priority mgmt

Feedback on background tasks

Time compression

Replay control

Multi-context switching

Synchronization with real-time

Auto detect context switch

Save context

Focus of existing RCAI contract

The Mobius Technology for Supporting Intelligent Interruption
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Auto detect context switch
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Alert Classification
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Physio-cognitive Assessment

Multi-modal management of interruption
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