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Introduction

This research examines the role of cognition in affecting organizational behavior.
We address the question, “Given that organizations are composed of intelligent
agents, how intelligent do those agents need to be to achieve reasonable levels of
organizational performance?” We also address a related question, “how
intelligent do our models of humans need to be to generate organizational
behavior comparable to that observed in human organizations?” We address
these questions by comparing the performance of organizations that are
composed of either humans or artificial agents. This research takes the ACTS
approach (Carley & Prietula, forthcoming). In this meso-level approach,
organizations are modeled as-collections of agents who-are cognitively restricted,
engaged in tasks and socially situated within a particular organizational design
and culture.

We expanded Plural-Soar so that the agents were more social in character
(Carley, Park and Prietula, 1993). This expansion included adding the ability to
lie and detect falsehoods in others. This made it possible for the agents to have
meaningful social moedels of other agents. This task (the warehouse task),
however, was too constraining. Therefor, due to task constraints, we have
moved from the warehouse task used in Plural-Soar to a stylized radar task.
Using this radar-task we then began to examine our fundamental question.

Agent Models

We consider two types of artificial agents varying in their level of general
intelligence — ELM agents (with only task specific intelligence), and Soar agents
(with general intelligence). Agent intelligence is defined simply as. the extent to.
which the cognitive architecture can be adapted to different tasks.

ELM, the experiential learning model, are agents that learn incrementally on the
basis of their experience (Carley, 1990, 1991, 1992; Carley & Lin, 1993). They keep
a perfect record of all problem types that they see and the frequency of particular



outcomes given this type of problem. When faced with a new problem, they
simply determine its type and then choose as their decision that outcome that
was historically the most frequently correct.

Radar-Soar agents can also learn incrementally on the basis. of their experience
(Ye and Carley, 1993). Each Radar-Soar agent is built in Soar (Laird, Newell, and
Rosenbloom, 1987; Laird, Rosenbloom, and Newell, 1986a, 1986b) that is
arguably a model of general cognition (Newell, 1990). Unlike ELM agents the
Radar-Soar agents do not keep track of frequencies. Rather they build models
relating a specific problem to the specific feedback they receive for this problem.
When a new problem arises they locate all models, find those that match the
current problem the best, and then probabilistically choose among the models
with the best match. They then stochastically choose a decision from those
outcomes that have historically been the most correct.

We analyzed the behavior of a set of organizations such that each organization
was composed of a set of organizations all of whom are of the same type (ELM,
Soar, or Human). Each organization is faced with a stylized radar task in which
the true decision for each problem is related to the information in an unbiased
and decomposable fashion (Carley & Lin, 1993). In the radar task, there is a
single aircraft in the airspace at a time and it is uniquely characterized by nine
pieces of information (each representing a different aircraft characteristic) such
that each piece of information is either a 1,2, or a 3 (low, medium, or high on that
characteristic). The organization must determine for each aircraft it sees whether
it is friendly, neutral, or hostile. The organization sees a sequence of 60
problems. For the first 30 feedback is provided. For the second 30 no feedback is-
provided. These organizations vary in their structure and task decomposition
scheme. We examined two structures — team with voting and team with
manager. In both cases the team (sans manager) is composed of 9 agents. We
examined two task decomposition schemes — blocked and distributed. In both
cases. each agent (sans manager) sees only a portion of the problem — three

pieces of information.
Results

The main result is that in moving from ELM, to Radar-Soar, to Humans, the
general intelligence level of the agents is increasing and the organizational
performance is decreasing (see Figure 1). Compared to the ELM model, Soar
moves us a step closer to Human behavior. ELM agents, however, are better
suited to the radar task. Soar agents are better suited to modeling Hurrtans. This
pattern is consistent across different organizational designs. Regardless of their
structure, organizations of more generally intelligent agents tend to perform
worse.
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Figure 1. Tradeoff in General Intelligence and Performance on Radar Task.

An implication of these findings is that it is necessary to use better models of
cognitive agents in the study of human organizations in order to achieve
organizational performance results akin to those which an organization of
humans would achieve. Another implication is, it is possible that in certain
organizations, such as those faced with a choice task in which feedback is
possible, performance can be improved by substituting artificially intelligent
agents for humans in the mundane process of locating the decision.

This research increases our understanding of the role of agent capabilities in
affecting organizational performance. It also moves us a step closer to
developing social artificial agents. Plural-Soar agents (Carley, Kjaer-Hansen,
Prietula, and Newell, 1992; Prietula and Carley, forthcoming) were the first
instantiation of soar as a sucial agent. As Carley et al. noted, Plural-Soar agents
exhibited at a rudimentary level many of the capabilities need of agents in social
and organizational settings. Radar-Soar agents are still rudimentary but are
more social in nature than are Plural-Soar agents. In theory this should move us a
step closer in our ability to observe emergent social phenomena (Carley &
Newell, 1993). The Radar-Soar agents are also more socially capable than ELM
agents. In this research, we did not address the social capability of Radar-Soar'
agents. There was little reason or opportunity for the agents to communicate.
with each other. Thus, it is not clear whether the increase of social capability in
moving from ELM to Soar actually had an effect on task performance. Future
research should examine this question.

We have demonstrated that by increasing the general intelligence of agents in:the:
organization the organization’s performance can decrease. We have also
demonstrated that the model of the agent makes a difference in assessing



organizational performance. This suggests that organizational researchers
should be careful when making attributions regarding organizational
performance as in whether performance differences are attributable to some
fundamental feature of the agents or to some other aspect of the organization.
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