2001 Annual Report of the

Advanced Decision Architectures Consortium(
Army Research Laboratory Collaborative Technology Alliances Program

Introduction

The Army’s Collaborative Technology Alliance (CTA) program was formed in 2001 to establish partnerships among research communities in the Army Laboratories and Centers, private industry and academia. Each alliance member brings with it a distinctly difference approach to research: Academia is known for its cutting-edge innovation; the Army Research Laboratory’s researchers keep the program oriented towards solving complex Army technology problems; the industrial partners are able to leverage existing research results and to deal with technology bottlenecks. The CTA concept is designed to capitalize on the innovative academic research ideas coming from the university partners. These ideas are then augmented by the strong applied research capabilities of the commercial sector and the focused research products of the Army Research Laboratory. The three sectors collaborating together on one team provide the means for innovation and rapid technology transition. These multidisciplinary research teams are required to generate the complex technology needed to solve the Army’s complex problems. This approach enables the CTA program to bring together world class research and development talent and focus it on Army-specific technology objectives for application to Army Transformation.

Under the CTA program, Cooperative Agreements were awarded to five consortia in the following technical areas: Advanced Sensors, Communications and Networks, Power and Energy, Advanced Decision Architectures, and Robotics. From the cooperative program formulation process through the truly collaborative research efforts, the CTA program is efficiently focusing the expertise of industry, academia and the Army Research Laboratory on enabling technologies and new military capabilities needed for Army Transformation.

The Alliances in the CTA program include not only the five consortia and ARL but also Army Research, Development and Engineering Centers (RDECs), other Army and other Government agencies (OGAs). The Army RDECs and OGAs are invited to actively participate in the research program and to conduct research jointly with Alliance members. The annual research program plan is also cooperatively formulated by Alliance members and ARL with input from the RDECs and OGAs through participation on the Research Management Boards (RMBs) established for each Alliance. The RMB partners are critical to identifying opportunities for transitioning CTA research results into their on going R&D programs. This transition is facilitated by a task order contract build into the CTA agreements. Several Army RDECs and OGAs have taken advantage of this contract mechanism in 2001 to apply CTA research results to their technology development programs.

In May 2001, the Advanced Decision Architectures (ADA) award was made to the Micro Analysis & Design, Inc. (MA&D) – lead alliance, consisting of 12 industry and academic partners.  The vision of the alliance is below. 
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New technologies present an enormous potential value for Army decision makers.  To harness these technologies in a way that will insure value added to the decision maker, the ADA Alliance must conduct research on human cognition and behavior to develop decision centered design practices and principles that will best leverage decision support technology.  The ultimate goal is to provide commanders and soldiers a better understanding of the tactical situation, enabling them to better assess courses of action.  If our advanced decision architectures can achieve these goals, then commanders will make better and timelier decisions, greatly enhancing mission success.  This 2001 Annual Report documents the work that was performed by the ADA alliance from the award date (31 May 01) through the end of fiscal 2001 (30 Sep 01).

Organization

The ADA Alliance comprises a team of individuals and organizations that will help ARL take the leap forward in developing advanced decision architectures.  Our Alliance has demonstrated the ability to 1) understand the factors that constrain human decision making, 2) develop innovative ideas that incorporate and enhance the latest technology for improving the decision making environment, 3) conduct the research and development needed to test our ideas, and 4) develop a plan and consensus of how the technology can best be transitioned.  The team is organized in such a way as to create a successful combination of computer scientists and cognitive scientists. In fact, many of our members firmly bridge both fields of study out of necessity in this line of research.  The ADA program benefits from the synergy between computer and cognitive scientists working together in a highly interdependent partnership.
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The ADA Alliance leverages the strengths of both industry and academia with five full partners from each sector.  The full partners include: MA&D, Klein Associates, SA Technologies, ArtisTech, Science Application International Corporation (SAIC), Ohio State University (OSU), Massachusetts Institute of Technology (MIT), Carnegie Mellon University (CMU), New Mexico State University (NMSU), and the University of West Florida (UWF).  The consortium also has two associate members: University of Central Florida (UCF) and University of Maryland (UMD).  Associate members may submit proposals, share information, and join in various research projects. 

A committee of representatives from each full partner (the Consortium Management Committee (CMC)) working with the ADA Cooperative Agreement Manager (CAM) at ARL (Dr. Mike Strub) manages the consortium.  The management committee works jointly with ARL to prepare research plans and ensure relevancy to the Army.  A team of ARL and Alliance managers leads each technical area, as shown in the organizational chart for the ADA CTA, below.  A Collaborative Agreement, rather than a contract, governs the Alliance, and the Articles of Collaboration define the general process we have agreed to follow in the planning and execution of the program. 
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Research and funding levels for each fiscal year are determined by the contents of the Annual Program Plan (APP).  The APP is developed by the partners, and is then approved by the CMC.  After that, it is submitted to ARL for approval and funding.  For the 2001 funding, however, partners were funded at the level they proposed in the original proposal to ARL.  The distribution of funding in FY01 is displayed in the pie chart.  It is anticipated that the funding levels for each year will be adjusted to align with that year’s approved APP. 
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Participation and Leverage

In order to enable the ADA partners to identify and develop collaborative opportunities, a Research Management Board was established by ARL.  The board consists of senior level professionals from Army organizations, other services and other government agencies that have interest and expertise in the ADA technology.  The purpose of the RMB is to advise and assist the CAM in setting research goals and to facilitate transition to development programs.

The RMB will meet one or two times each year to review and comment upon the details of the research program plan and progress.
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Micro Analysis and Design (MA&D) specializes in the development and application of tools for modeling human processes and cognition.  They also have been heavily involved in research in advanced multi-modal user interfaces as well as in the day-to-day implementation of usability engineering principles in the development of commercial and military systems.  

Klein Associates has developed and applied the concepts of Naturalistic Decision Making that have now become the accepted view of how people really make decisions in time stressed, information constrained environments.  
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SA Technologies specializes in the analysis and modeling of situation awareness and decision making in Army operations.  Their key focus is on developing automation and advanced systems that support the decision maker’s need for Situation Awareness (SA), creating not only sound principles for decision support systems and automation, but also SA-oriented designs for complex applications. 
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ArtisTech participates in research and development of advanced algorithms and methodologies in well-conceived computer architectures to solve difficult problems.  ArtisTech has developed advanced technologies ranging from adaptive linguistic systems to multi-dimensional simulated annealing, and web-based 3D visualization solutions to component-based simulation interoperability methodologies.  
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Science Applications International Corporation (SAIC) has supported the Advanced and Interactive Displays Federated Laboratory program in the area of Technology Transition.  SAIC knows not only how to transition technology in general, but how to transition technology tailored to Army programs.

Ohio State University (OSU) has been an international leader in Cognitive Engineering and Computer Science for over 15 years.  OSU is a leader in field research techniques (simulation studies, future incident techniques, ethnographic observations) to study cognitive systems of people and machines including developing functional requirements and designs that specify what would be useful to aid human performance and to create human-intelligent system teams.  The Cognitive Systems Engineering Laboratory (CSEL) and Laboratory for Artificial Intelligence Research (LAIR) are both participating in the Alliance.
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Massachusetts Institute of Technology (MIT) is a world renowned research institution in the areas of computer science and information technology, artificial intelligence (AI), and human performance.  They have also been involved in the development of haptic interfaces for computer-generated virtual environments and robotic devices.
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Carnegie Mellon University (CMU) has been in the forefront of field and laboratory studies on Real-Time Dynamic Decision Making (RTDDM), and includes research on the design of information systems, working memory and problem representation.  
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New Mexico State University (NMSU), a Minority Institution, has granted advanced degrees in Engineering Psychology for 30 years.  Their research areas include human-computer interaction, information visualization, information retrieval, cognitive modeling of individual and team tasks, instructional technology, and natural language processing.  NMSU possesses advanced laboratories for computing and cognitive research.

The University of West Florida’s (UWF) Institute for the Interdisciplinary Study of Human & Machine Cognition (IHMC) performs research on a broad range of topics related to understanding cognition in both humans and machines with a particular emphasis on building cognitive prostheses to leverage and amplify human intellectual capacities.

[image: image17.wmf]The University of Central Florida (UCF) has been heavily involved in research on team decision-making in distributed and complex environments, human performance measurement, and human cognition.  
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The University of Maryland (UMD) is renowned in many areas including computer science and display technology.  

Collaboration 
A cornerstone of the CTA program is the concept that researchers sharing ideas and research findings while working in a common environment will accelerate the development of new technology and provide a rapid transition path into applications. Today’s complex technology challenges have made it absolutely necessary to engage researchers on these multidisciplinary teams where new ideas can be successfully applied to complex Army problems. This is the Army’s way of establishing a new research culture—transforming the old way of doing business—that fosters a different kind of relationship among research colleagues in industry, academia and Army laboratories and centers. As in integral part of the program, the CTAs utilize several venues through which such synergistic collaborations can be pursued and encouraged. Some of the venues utilized by the CTA program are summarized below:


Joint Research Projects – The individual researchers collaborating on a particular research topic are involved in the planning at the task level as well as in the execution of the overall research project. On many projects the researchers come from each of the three sectors—academia, Government and private industry – bring the advantages of a multidisciplinary approach to the research problem


Staff Rotations – The best example of collaboration is staff rotation, in which individuals temporarily relocate, if necessary, to work on a daily basis with the research group at a partner’s organization. Such rotations may last months or years. The rotations produce mutual understanding of technical approaches and issues. The sharing of expertise among the participants foster new insights into difficult research problems and creates opportunities for advances not previously recognized before the exchange of personnel. In some cases the rotation is combined with a long-term training educational component. This provides educational opportunities for graduate students from academia and staff S&Es from the Government and industry to earn advanced degrees and to perform cutting-edge research. The result is both individual and institutional associations that endure and grow to far exceed the separate capabilities.


Workshops – Each technical area organizes focused workshops to discuss technical progress and challenges unique to that topic.  This provides a forum for effective interaction between researchers from ARL, the participating consortium members, and Army RDECs.


Distinguished Lecture Series – A monthly seminar is presented by an expert from one of the consortium partners or ARL to more broadly communicate the technical issues and progress on specific projects. Members of all CTA alliances are invited to attend either in person or via video teleconference.


Seminars and Short Courses – More informal seminars and short courses are conducted frequently and primarily involve members of a particular CTA or technical area. Certain seminars are specifically designed to address technical areas which include several CTAs and serve as starting points for cross-CTA collaborations. Short courses are developed for particular projects that cross multiple disciplines. In these cases, it is of particular benefit for researchers to gain more in-depth knowledge of all technical areas within the project, and an expert presents several days of technical material specifically designed for the purpose.

Annual Symposium – The CTA program holds a symposium each spring to present the results of its research and describe plans for the next year. Program overviews, technical papers and posters, and exhibits and demonstrations serve to communicate the research products of the CTA program to Army organizations and other Defense Department agencies. The symposium fosters interactions and collaborations among researchers from all the technical areas and all the alliances.
Research Areas

The research is organized into four technical areas (TAs).  The four TAs are:  

· Cognitive Process Modeling and Measurement - This TA involves a variety of related topics.  Cognitive processes are being modeled as a foundation for later work on collaborative technologies and decision support systems.  Unobtrusive ways to quantitatively assess users’ states are being researched to better support decision making.  Decision-centered design is being defined.  Issues about trust, especially in relation to technology, are being explored and modeled to better understand the impact on performance. 

· Analytical Tools for Collaborative Planning and Execution -The goal of this area is to create tools and intelligent systems that support collaborative decision making within distributed teams, allowing decision makers to share data in meaningful ways and to examine the impact of their decisions.  This is being accomplished with two complementary approaches.  In one approach, research is being conducted to understand how individuals and teams make decisions, assess situations, and interact with technology.  In the other approach, researchers are prototyping and iteratively testing and validating collaborative software-based tools with actual Army decision makers.  The characteristics of successful tools for collaborative decision making are being defined and algorithms to support Army planning systems are under development.  

· User Adaptable Interfaces - Ever since they began using tools, humans have intuitively recognized the value of adapting the interface between the tool and the human.  The need for adaptive interfaces comes from differences in individual soldiers, the soldier's task, and the system.  The goal of this technical area is to extend this long tradition of user adaptable interfaces into the world of decision making architectures.  This will allow soldiers to better perform tasks on the move, under high workload environments, and in adverse environmental conditions.  This work is being accomplished through research that explores many key aspects of interface adaptation.  Specific topics include image stabilization, mobile agent technology, and multi-modal interfaces.

· Auto-Adaptive Information Presentation - Going one step further down the path of interface adaptation is the ability of the user interface itself to automatically adapt to the changing needs of the user.  There are risks associated with that in terms of changing things without the user knowing or desiring it.  The goal of this research area is to build from the research conducted in the other tasks and develop strategies and technologies to better evaluate how auto-adaptive information presentation can support tactical decision making.  To determine how to best implement an auto-adaptation and information filtering scheme, the Alliance is conducting research to develop key principles and control algorithms for applying auto-adaptation such as keeping users informed of the "big picture," keeping users in the control loop, maintaining critical cues, and using auto-adaptation only when needed.  

Each TA consists of one or more research themes.  The themes, illustrated in the figure on the next page, were defined during 2001 and will be modified as the research program progresses and the Army’s needs evolve. 
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Cognitive Process Modeling and Measurement 

The central concern of this TA is to use advanced decision architectures to improve Army decision making, primarily for C2 functions.  This means determining how information technologies can support critical aspects of cognition.  The outcome will be better soldier understanding of the tactical situation, more thorough evaluation of courses of action, and, ultimately, better and more timely decisions.
Within this framework, the work in this TA focuses on extracting from domain practitioners what it is that Army commanders and staffs (decision makers) do, then attempts to model and validate those models in both controlled and field settings.  New technologies may be part of the solutions developed (mostly by other TAs), but so also could new training methods, new processes and procedures, etc.  As we learn more about what decision makers do, a variety of solutions will emerge that will facilitate the C2 process so that the Army will be able to perform its C2 functions better and faster than our opponents in conflicts of any intensity under any conditions.
Approach

There are five activities in Cognitive Process Modeling and Measurement that are necessary to accomplish this objective.  The relationships between these activities are shown in the next figure. 
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Conceptual Models of Cognition.  The combined set of cognitive functions within command and control (C2) is not typically addressed by laboratory-based research.  These functions include situation awareness, sensemaking, problem detection, recognitional decision making, and attention management.  If we are to support the decision making of commanders, we need to have a coherent and integrated perspective.  We are describing these functions as “macrocognition,” to capture the distinction between the types of thinking that go on in the field, under time pressure and uncertainty, and the types of variables studied in the laboratory.  Some aspects of macrocognition cannot be readily studied under tightly controlled conditions, and others have been neglected because of the difficulties involved in arranging for experimental procedure and the lack of awareness of their importance.  For example, problem detection is critical in the field, where commanders need to rapidly detect when their plans are running into trouble.  Problem detection relies on expertise and makes a huge difference for execution and replanning.  The slower a commander or a unit is to realize that the plan is running into trouble, the less time they have to react.  Yet problem detection is extremely difficult to study under laboratory conditions with subjects with limited experience performing context-poor tasks.  We believe that the concept of macrocognition will have a great influence on expanding the perspective on cognitive processes through highlighting the cognitive requirements facing Army commanders.  We are mapping out the concept of macrocognition to define and link these functions through several projects. 
2. Computational Models of Cognition.  To support decision making and related cognitive functions, we need to model these functions.  Computational modeling will result in a better understanding of these functions, by unpacking the murkiness that surrounds existing accounts of mental activities.  Computational models of cognition will allow us to learn more about the macrocognition processes that are central to the entire task area.  Also, the research will allow us to extend the methods and techniques within the field of computational modeling.  Lastly, computational models can be incorporated as tools into simulations and decision support systems.
3. Methodologies: Cognitive and Information Requirements.  To support decision making and related cognitive functions, we have to use methods that are sensitive to these functions.  We have to understand the information commanders are using to size up situations, to evaluate courses of action, and to make decisions.  We have to understand the pattern-matching skills that come with experience to ensure that these skills are properly supported by new display concepts.  It is essential that we expand and synthesize methods for cognitive task analysis, information requirements analysis, cognitive work analysis, and behavioral task analysis.  This portion of the work in this TA is addressing issues at two levels: at the conceptual level, we are examining the issues of how to study different aspects of macrocognition.  At the detailed level, we are developing and improving the methods for field data collection to increase utility and scientific validity.  We are determining whether new methods are needed and exploring the interconnections between existing methods.  
4. Decision-Centered Design: Principles, Methods, System Development Processes.  It is imperative that future decision support systems and other information technology applications support the needs of C2 decision makers.  Currently, information technologies are proliferating in an almost uncontrolled fashion and are being developed for the Army without adequate attention to their usability.  We are already seeing the results in terms of systems and aids that are confusing, frustrating and incompatible with decision making requirements.  Support systems geared to the individual solders often interfere with team coordination; collaboration tools intended for teams can be too cumbersome for individual use.  If we are to harness information technologies to support C2 decision making, we need a structured process for gathering data on cognitive requirements and transforming those data into system specifications.  This activity is one of the central applications of the computational and conceptual modeling and the data collection and analysis activities described above.  We are preparing a general framework for human-centered computing, also referred to as decision-centered design, and cognitive systems engineering.  This effort involves close collaboration with all of the ADA partners who have developed their own strategies, in order to arrive at a single, integrated method that can be incorporated into the Army transformation.  One of the strengths of the consortium is that many of the members have extensive experience developing tactics for collecting and applying cognitive data to design.  Many have worked on variants of cognitive systems engineering.  In the near term, we are synthesizing our tactics and terminology to provide the Army with a comprehensive approach.  In future years, this approach will be evaluated and improved.  Moreover, we will use the approach to guide future methodology development and future model preparation.  
5. Other applications.  The computational and conceptual modeling work will result in additional applications.  For example, we can use previous cognitive task analysis projects in the area of weather forecasting to support ARL’s current efforts at designing a decision support system for forecasting the weather.  While not currently funded, we look forward to the opportunity to perform this work in future years.
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Future battlefields will be characterized by more rapid tempos, diverse missions and teams distributed across larger distances.  This will significantly challenge the ability of these teams to act and react effectively to a rapidly changing enemy and mission.  Against this backdrop, significant advances in information and communications technologies may create information overload for the soldier.  The Army transformation environment will be characterized by rapid deployment, dynamic team building with diverse team members, more decentralized decision making, novel problem solving for situations not covered by standard doctrine, and execution-based planning.

The focus of this TA is to create tools that effectively support teams in coordinating and collaborating to achieve mission success in this challenging environment.  This TA seeks to channel these advances in information technology to promote information management and knowledge superiority, timely and accurate decision-making, and synchronized execution.  It addresses the requirements for effective collaborations between human team members and between these teams and intelligent system aids designed to support those interactions. 

The objective is to improve commander and team decision-making and operations across the full spectrum of military operations.  Of special interest are knowledge management techniques, methods, and tools that increase commander and team situation awareness and support coordination and adaptation among distributed and culturally diverse teams.  The challenges are to 1) prepare commanders and teams to be expert “knowledge warriors” using knowledge to anticipate and defeat enemy aggressors likely to use asymmetric warfare techniques, 2) to advance the objectives of combined, joint, and coalition forces keeping the peace or providing humanitarian assistance and 3) to maintain the capability to transition from one end of the spectrum to the other as dictated by the situation.  This research will determine how to prepare and support commanders and teams to operate in highly uncertain, dynamic environments, to exploit information operations for situational awareness and control, and to establish the conditions of a “learning organization” able to operate with dexterity.  

This work embodies a user-centered approach that considers the interaction among the constraints, capabilities, and requirements of decision makers, resources, and missions.  Tied to this backbone, critical research is being conducted to develop tools that can meet the demands of acquiring, transmitting, fusing and effectively presenting real-time battlefield information.  This work is fundamental to providing the support needed to create the truly agile commander.

Approach

Three major research themes are currently identified in this TA. 

The first theme is to conduct research on collaboration and effectiveness in human teamwork and human-system teamwork.  Future Combat Systems (FCS) and the environments in which the Army will be operating will change the nature of teamwork that is required.  For example, light, mobile and tactically agile forces will require adaptive soldiers and the ability to anticipate future operations; information technologies will require human-system teamwork at a level perhaps not encountered previously; and multiservice and multinational teams will be more the norm, requiring techniques to deal with cultural differences.  Thus, research efforts are being conducted that help define the nature of collaboration and effectiveness for future Army operations.  

In the near term, the products under this first theme include:

Theoretical Development - Theoretical development is necessary to provide guidance and integrate research efforts.  Models of collaboration that reflect the Army’s future vision do not currently exist and are needed.

Measures of Team Collaboration - A variety of sound performance measures will greatly help the CTA’s mission to succeed.  Furthermore, the Army can use them in a number of ways.  They can be incorporated into modeling and simulation efforts to support technology assessment, concept evaluation, and requirements determination.  They can be incorporated into embedded training systems to support diagnosis and prescription.  Examples of performance measures resulting from these efforts include teamwork competencies, measures of adaptability, and measures of mental simulation skill.

Design Guidelines - The efforts will provide system design guidelines to foster human collaboration as well as human-system collaboration.  Such tools are important products from the CTA, and their designs should have theoretical grounding.

Under the second theme, we are developing tools to support collaboration and decision-making in collocated and distributed teams.  The battlefield is composed not of individuals, but of teams who must interact in effective ways to accomplish mission objectives.  In future battlefields, these teams will need to coordinate and collaborate more rapidly than ever before to keep up with and control the pace of the battle.  At the same time there will be a major increase in the level and type of information flowing across the battlefield that will strain the perceptual and cognitive resources of soldiers and commanders.  This work focuses on creating tools to support within- and between-team communication and coordination within the background of a rapidly changing, information dense environment.  These tools must be effective for building shared situation awareness among collaborating teams and for supporting common tasks such as planning and re-planning, and real-time decision making.  These aids are needed to support situation awareness and decision making within teams (e.g. a brigade commander and staff), and between teams (e.g. different companies operating in a common battlefield).  

This research is providing validated methods for enhancing team SA and decision making in distributive collaborative environments in a variety of Army contexts.  These designs, tools, architectures, and algorithms can be rapidly implemented into ongoing and future system initiatives. As the Army moves towards its goal of total information dominance in the future battlefield, the tools and approaches created in this project area will be crucial.  

Under the final theme, we are developing tools and methods to support research in collaboration and decision making in teams.  The study of team decision-making in fields of practice requires the continual development of new methods.  For example, to study the cognitive processes that underlie decision-making, one important approach is to bring the complex decision-making task into a controlled environment, but without oversimplifying the task.  Accordingly, in recent years, researchers have designed synthetic tasks that capture the critical features of the real-world decision-making task, but eliminate the non-essential features.  The NMSU Cognitive Engineering Research in Team Tasks (CERTT) Lab provides a specific example.  NMSU has developed a synthetic task in which participants control and use an uninhabited air vehicle (UAV).  Although this task is applicable to the Army’s needs (i.e., the Army uses UAV’s), they are working to develop additional tasks that will be valuable to capture the various echelons of battlefield decision-making.   

Developing a set of realistic and Army-relevant synthetic tasks is an important first step in method development, but must be accompanied by other developments.  Another critical step is the application of new approaches to measuring team behavior, particularly team communication.  We are applying Latent Semantic Analysis (LSA) to the study of team communication.  LSA was developed as a method for measuring and analyzing textual discourse and has been used to analyze manuals, grading of student’s essays, textbooks, and computer-based information spaces.  The use of LSA will permit researchers to describe and compare the conversations of diverse teams at different times during training.

User Adaptable Interfaces 
Several research questions must be addressed in order to create effective auto-adaptive interfaces for Army applications:

· What are the conditions under which interfaces should be adapted?  Who should control the adaptation? 

· What aspects should be adapted?

· What guidance should be given to the user about adapting the interface?

· [image: image22.png]


What are the optimal features that allow the user to control the adaptation?

Research is being conducted to provide answers to these questions and to provide guidance for development of the adaptive interfaces in the technical area.  We are taking two synergistic approaches to mediating user adaptation.  One approach uses the task structure (which determines the logical structure of information) to develop frameworks for the user to adapt the interface.  The other approach develops software agents that automatically (when authorized by the user) learn to refine context over time to adapt to the user’s changing needs and missions. 

Approach

Two specific issues in this topic deal with supporting collaborative decision making technology needed while on the move: image stabilization and mobile agent technology.  Image stabilization is key because graphical user interfaces must be read and understood while users are moving.  Autonomous systems such as unmanned air or ground vehicles collect sensory data of various kinds (visible, infrared, SAR, FOPEN SAR, range, etc.) to provide a complete picture of the scene.  Processing these data is critical in applications such as surveillance, activity monitoring, automatic target recognition from a moving sensor and detection and tracking of moving targets.  Prior to accomplishing any of these topics, it is important to remove the ego-motion due to sensor motion.  Image stabilization can then be viewed as a complex form of motion compensation.  An important criterion in designing image stabilization algorithms is real-time computation of interframe motion parameters.  Another issue is the underlying assumption regarding sensor motion.  To address this we are developing robust algorithms for estimating frame-to-frame stabilization parameters by removing or relaxing several assumptions that are made in existing algorithms.  The related issue of mobile agents is important because it allows users to gather and process information in a dynamic mobile environment.  Research is being conducted to develop and test decision architecture mobile agent technologies.  

Another specific issue is how to take advantage of multi-modal displays.  Multi-modal interfaces emphasize the more “natural” modalities of language.  Sound, touch, and feel and can increase the bandwidth of human information processing capability.  Recent advances in speech, natural language, visualization, haptic, and 3D sound are just now sufficiently mature to be embedded in future decision architectures.  The goal of this research sub area is to take the steps necessary with the technologies to support their maturation as well as to determine how they can best be employed.  This involves advances in hardware on advanced sensors and transducers in various modalities, algorithms for processing and generating information, as well as a software and hardware architecture for multi-modal systems.  This architecture will guide the integration of multi-modal information so that the right modality is used for the right piece of information and will support rapid reassignment of modalities as certain modalities are destroyed.  In the first year, we are laying the groundwork to advance the state-of-the-art in multi-modal technology.
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Auto-Adaptive Information Presentation
The challenges of mixing sophisticated human and machine capabilities, while overcoming the different limits on human and machine processing, come to the fore in this TA.  Building on work in the other three TAs, researchers in this TA ask:  How can human and machine intelligence be combined to form a coherent, joint cognitive system that fluently adapts to the changing demands of military operations? 

The work in this TA plays off of the theme of how to make autonomous machines team players with their human partners or supervisors in warfighter operations.  Past research has revealed that as computer systems become more intelligent and autonomous they also need to exhibit properties of effective team work that are seen in expert human-human cooperative systems.  

Critical criteria for integrating autonomous and adaptive machine capabilities with human capabilities include:

· Overcoming or balancing brittleness in machine problem solving and biases in human problem solving 

· Handling the dynamics of how problems evolve and cascade as disruptions, surprises, complications, and new opportunities arise

· Supporting the adaptation and revision of goals, situation assessments, and activities as circumstances change in human-machine teams

· Managing the fundamental and omnipresent uncertainty of battlefield and other military operations
Past research shows that to achieve high levels of performance on these criteria a series of challenges need to be met.

The first challenge is that automation activities need to be observable to human partners while avoiding data overload and workload bottlenecks seen with clumsy forms of automation.  New forms of feedback balance new levels of autonomy to achieve coordinated activity.  Critical to the new forms of feedback are representations of automation activity, not just process or user state, which are event- and pattern-based.  We must identify and understand mentally economic ways to communicate and share intent.

Additionally, effective warfighters keep their eye on the big picture.  Adaptive automation must help commanders stay focused on the critical aspects of the situation and help them avoid becoming bogged down with interface management tasks or micro-managing automated subsystems.

Tools are needed to support fluent coordination and synchronization across human-machine teams.  Means to re-direct or constrain automated system activities as situations fluctuate in workload and criticality are necessary.  We must determine when automation can adapt to changing context and how commanders can easily track changing automation activities.

Multiple lines of work on human-human collaboration have established that support for control of attention, support for judging interruptibility, building a common ground across multiple agents, and support for redirecting the attention of others to new goals, data, and activities are all central and critical parts of coordinated multi-agent activity.  These same issues have proven critical for human-automation team play.  

Approach

Some of the issues and questions that are being addressed in this technical area are:

· How to avoid data overload and help the warfighter focus on critically relevant information?

· How to provide access to intelligent machine capabilities in difficult, mobile, and hostile warfighter environments?

· How do individual differences across human commanders affect the kind and level of support from adaptive automation?

· Effective warfighters are highly adaptive and able to re-prioritize goals as circumstances change and new information becomes available.  How does adaptive automation support rapid goal switching and re-prioritization?
· Effective commanders think ahead to avoid unwanted situations, to develop a tactical strategy for dealing with critical contingencies, and to be primed for possible course of action to minimize reaction time.  How can adaptive automation help directly or indirectly the warfighter’s need to look ahead to anticipate upcoming events and needs rather than react only to immediate tasks? 
Ultimately, adaptive automation is effective when it does certain things for the solider, not to him.  Keeping the warfighter in the control loop without overwhelming him with details and without distracting him with micro-managing computers is a critical test for any new adaptive support.

Making progress on these challenges is a problem in combining human and machine intelligence in the face of uncertain and dynamic situations.  The research tasks in this TA build on the work in the other TAs to increase the adaptability or resilience of joint human-computer cognitive systems for Army operations. 

Selected Progress Highlights

The ADA CTA award was made on 31 May 2001.  This section describes research highlights between 1 June 2001 and 30 September 2001.  The major accomplishments include establishing a collaborative process, conducting preliminary research, building collaborations within the consortium, preparing the Initial Program Plan and developing the Annual Program Plan for FY02.  Subsequent to ARL approval of the FY02 Annual Program Plan the APP was briefed to the Research Management Board (RMB).

Establishing a Collaborative Process

The Alliance spent a significant amount of time and effort in building collaborations.  This included collaborations among partners and collaborations between partners and ARL.  Team members traveled to other partner sites and had teleconferences to discuss common research interests and synergy.  Team members also had numerous contacts with ARL researchers to understand Army needs and the relevance of specific research tasks, technical areas, and the entire program.  Team members then insured that the task proposals addressed these needs.  Collaborations were further solidified at a meeting in 1-3 August 01 with team members and ARL researchers. 

In support of this effort, the consortium worked together to develop a collaborative process.  It was critical to specify a process for soliciting and vetting proposals and a variety of efforts went into establishing this process.  First, a kickoff meeting was held 20 June 2001 to develop and share team goals.  At this meeting, the Alliance also met with the key personnel at ARL.  Next, weekly teleconferences were held with Task Area Leaders in order to ensure that the task area leaders had a common understanding of the work that had to be done and the roles that they played in managing the individual technical areas.  Third, a password protected website was established to support the dissemination of information during the development of the Annual Program Plan.  The website included the ability to download proposals in order to assess collaborative opportunities.  Finally, the team corresponded with ARL on program management and process issues.  The output of these efforts was a successful process for soliciting and reviewing proposals. 

Preliminary Research Effort

Preliminary research was conducted with the goal of orienting on Army topics and solidifying ideas for FY02 task proposals.  Partners wrote white papers, conducted literature reviews of background material and attended conferences and workshops.  For example, MIT began preliminary evaluation of candidate technologies for haptic displays.  They acquired samples of several types of thermal sensors to evaluate their properties and reviewed the area of infrared cameras and made contacts with relevant companies.  Also, MA&D began work with CMU to understand the dataflow that would best support the interaction between a cognitive model and a task network model.  This work and similar efforts across the alliance resulted in team members having a solid foundation for better defining the research task packages for FY02, including defining products for the 6-month and 12-month periods and ensuring that the research tasks were relevant to Army needs.

Initial Program Plan (IPP)

On 30 July 2001, the Alliance submitted the IPP to ARL. The purpose of this IPP was to describe the 5-year plan for our Alliance.  A roadmap was included and is illustrated below.  
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The IPP was primarily a discussion of the research our partners intend to conduct and the broad themes that the partners believe are most relevant to our charter.  This plan also included information that describes how the Alliance will collaborate with each other, our ARL partner, and other CTAs.  

Finally, the IPP provided preliminary proposals on specific research tasks that were originally considered for inclusion in the FY02 APP.  These proposals were subsequently submitted to an extensive review and selection process in which ARL actively participated.

Annual Program Plan (APP)

The most significant product of the FY01 work was an approved FY02 APP.  The first step was for each partner to develop a set of detailed research task proposals.  The proposals included details regarding research objectives, a technical description of the work to be conducted, an indication of the participating personnel and organizations, identification of milestones, and a detailed cost estimate.  These proposals were submitted to the technical area leads (partner and ARL) for evaluation and organization.  When necessary, modifications were made by the partners.

The consortium met at ARL on 1-3 August to discuss all the research proposals.  At this meeting, ARL commented on the proposals.  These comments resulted in the partners either modifying proposals, choosing to remove them for consideration, or, in some instances, including new proposals.  The revised research proposals were resubmitted to the Task Area leads, who combined them into research themes.  The research themes were assigned principal investigators, and were documented in the APP. 
All members of the CMC reviewed the final task proposals.  During a CMC meeting by telecon, the APP was approved by the consortium.  It was subsequently approved by ARL.

Research Management Board (RMB) Meeting
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On 25 September 2001, the FY02 APP was briefed to the RMB.  The RMB consists of 14 ADA CTA stakeholders, as shown in the figure below.  The organizations represented on the RMB provide potential targets for technology transition of the consortium’s research products.  During the first RMB meeting, attendees were introduced to the ADA CTA objective and vision.  Then, each TA Leader from the partnership described the research packages that were included in the FY02 APP.  Discussion surfaced potential research applications, as well as areas of research that might be of particular interest to the RMB.  

The ADA CTA partners have begun to establish relationships with the RMB members to maximize opportunities for technology transition.  
Collaboration with Robotics Consortium

While our CTA will, over time, benefit from collaboration with all alliances, we have formed an early relationship with the Robotics Alliance.  There are many practical reasons for this choice.  First, MA&D is the Human Machine Interface (HMI) Task Area Lead for the Robotics Alliance.  This provides a natural linkage between the two groups.  Second, the Robotics Alliance is funded with 6.2 funds, necessarily influencing their work towards the “development” side of the R&D equation.  Our CTA views the Robotics alliance as a natural consumer of the ADA research products.  A close relationship with them is necessary to promote our technology transition interests and to help us maintain relevance to emerging Army programs (i.e., Future Combat Systems).

During 2001, many of the ADA partners reviewed the proposed research tasks for the Robotics CTA and identified particular tasks in which our work would benefit from collaboration.  In particular, the HMI Task Area for Robotics includes work in multi-modal technologies and human performance modeling.  It was determined that a portion of the ADA’s work in multi-modal technologies could be focused on issues of robotic control, providing immediate relevance for that ADA research task.  Additionally, the Robotics CTA was committed to using ARL human performance modeling tools (e.g., the Improved Personnel Research Integration Tool) to assess advanced Operator Control Unit capabilities.  It was determined that this work would provide relevant task analyses and mission scenarios that could be used by several ADA CTA research tasks.  

Finally, ADA CTA members routinely attend Robotics CTA meetings to ensure that the relevant overlapping work remains synchronized with the ambitious program schedules pursued by the Robotics CTA team.

Technology Transition

The CTA program’s value to the warfighter is significantly enhanced when we exploit the full potential of the enabling technologies that result from the basic research projects. Our technology transition approach relies on collaboration and partnering of ARL, RDECs and RMB members. This team works with the technology user community to seek out transition opportunities and to demonstrate technologies mature enough for application. This approach extends our activities beyond research papers to matching technology with customers early and then jointly mapping the transition path with them. The identification of user champions through early and frequent collaborations and partnerships is a key component of our process for effective transition with defined entrance and exit criteria. Examples of this year’s technology transition activities are given below:

1.  Task Order 1 - "Evaluation and Transfer of Multimodal Information Processing System" – This was issued to UMD with a total value of $10,000. The customer for this work is Dr. Melissa Holland at ARL. 
2.  Task Order 2a - "Threat Visualization and Decision Aid Tools" – This was issued to SAIC, ArtisTech, Northrop Grumman, Applied Tech Systems, ManTech, Emerging Paradigms, Object Sciences, Barclay Shaw Graphics, Dynetics, Applied Minds, Sytex, MetaCarta and MA&D with a total value of $1,500,000. The customer for this work is Dr. Jim Heath at HQ INSCOM.

3. Task Order 2b - "Threat Visualization and Decision Aid Tools" – This was issued to SAIC and MA&D with a total value of $50,000. The customer for this work is Dr. Jim Heath at HQ INSCOM. 
Summary

Although the work reported in this document covers only the initial four (4) months of the ADA CTA, it provides a solid foundation for the research tasks included in the FY02 APP 

For further information contact:

Dr. Michael Strub (CAM) for Advanced Decision Architectures

(703) 704-2845

mstrub@arl.army.mil
Ms. Susan Archer (Program Manager) for Advanced Decision Architectures

(303) 442-6947 ext. 110

sarcher@maad.com
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