
 

Researchers granted patent for system that
fuses human and computer intelligence

August 23 2013, by Stephanie Koons

In complex crisis situations involving military situation awareness,
homeland security and other time-sensitive scenarios, teams of experts
must often make difficult decisions within a narrow time frame.
However, voluminous amounts of information and the complexity of
distributed cognition can hamper the quality and timeliness of decision-
making by human teams and lead to catastrophic consequences.

Two professors from Penn State's College of Information Sciences and
Technology (IST), John Yen and Michael McNeese, along with Xiacong
Fan, an associate professor of computer science and engineering at Penn
State Behrend, and Shuang Sun, who received a doctorate from the
College of IST in 2006 and is now a project manager at Attune
Cytometric Software, have devised a system that merges human and
computer intelligence to support decision-making in crisis situations.
They were recently awarded a U.S. patent for a collaborative intelligent
agent framework that, according to Yen, "finds the sweet spot that
combines machine intelligence working in tandem with human
intelligence."

"I think this patent being granted is not only an encouragement of our
research, but it's also timely," he said.

Yen, McNeese, Fan and Sun were awarded U.S. patent number US
8,442,839, "Agent-based Collaborative Recognition-Primed Decision
Making." The patent application describes the concept of using a
framework, Collaborative Agents for Simulating Teamwork (CAST),
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originally developed by Yen and his students, and enhancing that with a
recognition-primed decision (RPD) model, thereby enhancing analysis
through linking and sharing information using knowledge and experience
distributed among team members. CAST is a team-oriented agent
architecture that supports teamwork using a shared mental model among
teammates. R-CAST is the first RPD-enabled agent architecture
designed for supporting team-wide collaborations (including human-
agent and agent-agent collaborations).

According to Yen et al., there has been little work in looking at cognitive
agent architectures (blueprints for intelligent agents that propose
computational processes that act like certain cognitive systems, most
often, like a person, or acts intelligent under some definition) as a means
to assist and support distributed team cognition and decision-making.
The approach adopted in the researchers' invention is to develop a
cognitive-aware software system that can act as decision aids of human
team members in varying ways, including context-sensitive anticipation
of others' information needs, proactive information/experience sharing
and collaborative situation assessment.

The RPD model is a cognitive model developed by Gary Klein, a
research psychologist famous for pioneering in the field of naturalistic
decision making, which describes how people make quick, effective
decisions when faced with complex situations. In this model, the
decision maker is assumed to generate a possible course of action,
compare it to the constraints imposed by the situation and select the first
course of action that is not rejected. RPD has been used in diverse
groups including intensive care unit nurses, fireground commanders,
chess players and stock market traders.

In the invention developed by the Penn State researchers, the RPD
model is integrated within a CAST architecture to the extent that agents
can proactively seek and fuse information to enhance the quality and
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timeliness of the decision-making process. An interacting team of
software agents, each having specialized knowledge and processing
capability, analyzes data, forms hypotheses, evaluates alternatives,
determines what type of information is needed for a dynamic decision-
making environment and supports human analysts.

An example of how of R-CAST is being used to improve upon existing
practices, Yen said, is in a project sponsored by the Office of Naval
Research for supporting a distributed decision making team for assessing
threats and responding to the threats. David Hall, dean of the College of
IST, was one of the leading investigators of the project.

"R-CAST automates the proactive exchanges of information relevant to
the situation, which is continuously updated as new information arrives,"
Yen said.

According to Yen, people draw on previous experiences when they need
to make decisions in a time-stressed situation. In addition, high-
performing teams exhibit some degree of a shared mental
model—people on the team have an understanding of the respective
roles of each team member and who has what information. The
researchers' invention situates the RPD model in a team context, so that
team members can infer what their teammates need in a proactive way.
The RPD model argues for finding the first workable solution through
recognizing the similarity between the current decision situation and
previous decision experiences. The model divides a decision-making
process into two phases: recognizing which course of action makes sense
for the current situation, then evaluating the course of action by
imagining it.

"The RPD model acts as an intelligent team partner that is able to share
information without overloading people and enhances the quality of
information by sharing relevant facts," Yen said.
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The invention is particularly valuable to distributed teams of human and
software agents analyzing terrorist activities, he said. For example, in the
case of individuals being identified as suspects in a terrorist attack, R-
CAST could be used to find information on the purchase of bomb
materials. The framework is also applicable to enhancing the decision-
making of a distributed first responder team, a distributed command and
control team involving multiple echelon units in a Net-centric warfare
and other domains involving team decision-making under time pressure.

An agent architecture based on collaborative RPD responds to the
challenges for decision-making teams in three important ways, the
researchers wrote in their patent proposal. First, terrorist detection and
investigation rely on the capability of recognizing critical patterns from
the current situations. To achieve an improved situation awareness, R-
CAST allows agents in a team to anticipate the information needs of the
decision-making agent based on their shared mental model, and to
proactively seek, fuse and deliver relevant information to the decision-
making agent. The information that is shared, Yen said, is driven by the
decisions that are made by the team.

"Experience captured directly by analysts can be leveraged," he said.
"The key is to determine what is relevant."

Second, agents assisting human analysts in homeland security need to
learn expertise from the interactions with human decision makers by
generalizing an observed behavior into a knowledge structure that is
more reusable. R-CAST can be easily extended to allow agents to learn
novel experience in the collaborative story building process.

Finally, since RPD is an abstract model of a human's decision-making
process, R-CAST naturally combines the attributes of human cognition
with computational intelligence. Through human interface, according to
the researchers, "R-CAST achieves a certain degree of adjustable
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autonomy in making decisions."

"This agent architecture can not only enhance the capabilities of anti-
terrorist analysts in identifying terrorist threats, but also pave the way for
the next generation of digital assistants that are 'personalized' not only
for individuals, but also for teams," they wrote.
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