

















Simulation within ACT-R as a Theory of Mind
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From imitation behavior to interpersonal communication, successful strategies in humans clearly require
consideration of others' knowledge, abilities, goals, and even feelings. The ability to infer that information
and use it to simulate the behavior of others is referred to as having a Theory of Mind. Among several
explanations of this capability is a simulation of the other based on the hogt, i.e., a “like-me” simulation
(Meltzoff, 2005).

A general “like-me” mental simulation capability is already available within the basic ACT-R system. It is
the running of a separate cognitive model (the “simulation”) with a specified subset of the originating or
“host” cognitive model. The simulation starts with a specific subset of the declarative and procedural
memories and an initial goal state. The simulation runs this model and provides a new declarative fact via the
“imaginal” buffer accessible by the host model. The specification of which declarative memory and
productions of the host model to use allows the system to consider hypothetical and counterfactual situations.

We have developed cognitive models using “likeeme” simulations of perspective taking (left-right
handedness determinations), teamwork (predicting the teammate’s decision), and social behavior
(dominant-submissive behavior of chimpanzees). We will discuss the teamwork model, the simulation, the
results, and matching of simulations and human/chimpanzee data.
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Examining the role of embodiment on performance has provided many insights into the underlying
cognition across various low-level tasks (e.g. Fu & Gray, 2004; Salvucci & Gray, 2004). We have been
looking at the embodied affordances of higher-level cognition, specifically theory-of-mind (Premack &
Woodruff, 1978), within a common task as implemented on our robotics platforms (ACT-R/E).

The task examined was a chimpanzee food monopolization scenario introduced by Hare, et al (2000) and
further refined by Brauer, Call & Tomasello (2007). The task pit dominant and subordinate chimpanzees
against each other in the retrieval of one or two pieces of food in a shared space containing two buckets. The
pieces of food were placed either on top of a bucket (visible) or behind the bucket such that only the
subordinate could see it (hidden, from the dominant). The positions of the buckets were varied between two
experiments. The key finding by Brauer, et al. (2007) was that in low risk situations, the subordinates
frequently retrieved the food with no preference for the hidden pieces. However, when the risk was greater
(i.e. food was closer to the dominant), subordinates approach the food less frequently but show a clear
preference for the hidden pieces, suggesting that they were aware of what the dominant could see.

The use of primate data might seem odd, but it had a number of features that were quite appealing. First, this
task has produced significant debate within the animal social cognition community regarding the ability of
chimpanzees to understand what conspecifics can see (e.g. Hare et al., 2000; Karin-Darcy & Povinelli,
2002) and recent results suggest that it is the structure of the environment that influences the chimp’s
strategy use (Brauer, et al., 2007). Second, the task is fundamentally embodied requiring us to push the
boundaries of our robot systems and ACT-R itself. Finally, the task lends itself to multiple solution
strategies that are all intimately related to the theory-of-mind construct; specifically mental simulation
(Meltzoff, 2005), perspective-taking (Flavell, et al., 1981), and gaze-following (Butterworth, 1991).

Three different models of the subordinate chimp were developed and refined in simulation before being
deployed and evaluated on the robot. The first used ACT-R’s model-within-model functionality to allow the
subordinate to simulate where the dominant would search for food. The second used egocentric
transformations of the perceived scene (Harrison, in prep) to adopt the perspective of the dominant and used
that information to guess dominant’s intent. The final model used perceptual knowledge of the dominant’s
head orientation and a modified visual search to perform gaze-following with approximate occlusion
detection to infer the dominant’s attentional focus.

The models highlight weaknesses in the current empirical methodology and point towards simple
improvements that could help isolate what skills the chimpanzees are actually able to employ. In depth
examination of the models’ behaviors illustrate the different affordances of the strategies and provide insight
into how and when the skills might be used in traditional theory-of-mind tasks.
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At the Army Research Laboratory (ARL), we have developed a robotic system based on ACT-R,
which includes both symbolic and sub-symbolic representation of knowledge. The system is called the
Symbolic and Sub-symbolic Robotic Intelligence Control System (SS-RICS).

In recent years there has been a growing interest in using cognitive architectures for the control of
robots (Avery, Kelley and Davani, 2006). While this seems to be a useful approach for robotic control,
several considerations need to be taken into account before researchers attempt to use a cognitive
architecture for robotic control.

The problem space used by ACT-R is primarily focused on working memory (WM) elements.
Declarative memories, which are developed by the modeler, interact with procedural knowledge, in order to
solve a specific problem. This is useful for researching and studying human decision making for a specific
problem space, but not for robotic control, where many other aspects of memory need to be represented
(i.e. Spatial Memory (SM), Iconic Memory (IM), Short Term Memory (STM) and Long Term Memory
(L'TM)). Instead of using one memory decay rate and a single retrieval threshold as defined by ACT-R for
memories, we have found that within SS-RICS we needed to use different decay rates for SM, IM, STM,
WM and LTM.

Additionally, it is unrealistic to assume that a modeler can develop all of declarative memory, so
we have used ConceptNet (Liu and Singh, 2004) within SS-RICS to help alleviate the burden of memory
development. This gives SS-RICS declarative memories to start with and use without the need to be
developed by a modeler.

Also, it is unrealistic to assume the modeler will develop every production needed by a robotic
system, so within SS-RICS we use a production system syntax (Verb, Noun, Adverb) which helps with
production generation. Once this is used, other productions can be generated from this base production
using machine learning techniques of substitution.

In order to use a symbolic cognitive architecture on a robotic system a developer must realize that
cognitive architectures are intended to simulate human behavior not control a robot. We have used ACT-R
as inspiration for working memory but in order to develop SS-RICS we have made additional changes for
production generation, declarative memory development and memory decay rates.
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