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Abstract

Computer-based agents, in various forms, are becoming ac-
tively involved in our persona and professiona decisions
and deliberations. We interact with them; they interact with
each other. In this paper we describe a broad Model Social
Agent study where we explore how a process model of
boundedly-rational agents with emotion behave across in-
creasingly socia contexts, and the impact of cooperation,
trust, rumor, and deception within those contexts. We report
theresults of an initial set of small simulations.

Introduction

Our work focuses on understanding the relationship among
humans, agents, tasks, and the social situations in which
they are engaged. From this, we seek to establish the ele-
mental basis of social behavior and group phenomena, and
make predictions about them. Our guide for this effort is
the Model Social Agent matrix.

The Model Social Agent matrix (Carley & Newell 1994)
provides a two-dimensional categorization scheme that
specifies the kind of knowledge required by the agent(s) (in
terms of increasingly complex social situations), and the
kind of information processing capabilities required by the
agent(s) to operate with that knowledge, in order to exhibit
various kinds of individual and collective phenomena. The
scheme is summarized (in slightly modified form as will be
discussed) in Figure 1.
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Agent information processing capability range from an
agent that is omnipotent as Laplace's demon (i.e., can pro-
cess al knowledge relevant to the specific situation), to an
agent that is both cognitively and emotionally defined (and
thus constrained). The categories for this dimension are
based on general differing critical assumptions of agent
models and would certainly allow subtypes and variations.
All agents have the capability to define and alter goals, and
interact with other agents and objects. What differsis their
capability to exploit the knowledge available within the
processing (and sometimes emotional) constraints avail-
able. As agents processing capacity diminishes, different,
and perhaps more complex, behavior emerges[]

The type of knowledge an agent has regarding social situa-
tions range from none (i.e., goals are defined solely in
terms of self, any other agents are viewed as objects), to an
agent that has a historical perspective and influence of cul-
ture, defining beliefs, norms and values. Asthe social situa

1 This is a modified version where we have included Boundedly
Rational Emotional Agents — the focus of this research. Note that
Cognitive and Cognitive Emotional agents subsume bounded
rationality. The strong form of bounded rationality was originaly
conceived to characterize the effects of a restricted rational agent
on the assumptions and conclusions of economic and administra-
tive theory (Simon 19764, influenced by research from sociology,
social-psychology, and cognitive psychology. One component of
bounded rationality was that the agent itself was knowledge and
computationally restricted (Simon 1955), while another compo-
nent argued that the environment and its interactions with the
agent was an additional source of agent constraints (Simon 1956).
Bounded rationality ranges from strong forms that hypothesize
the underlying cognitive (e.g., Newell 1990) or institutional
(Cyert and March 1963) apparatus to less restrictive derivatives
that address various organizational and economic issues at micro
and macro levels, such as choice behaviors (March 1978), organ-
izational constructs and market forms (Simon 1991, Williamson
1975), negotiations (Hyder, Prietula & Weingart in press), and
relations to complexity theory and economic phenomena (Albin
1998). Overall, bounded rationality (in the strong sense) refers to
a procedural rationality, that is, to the mechanisms of action and
not the outcomes of action, at the individual or institutional level
(Rowe 1989, Simon 1976b).



tions an agent is presented with becomes increasingly com-
plex, the richer (and more detailed) the knowledge has to
be for the agent to successfully operate in the setting. Con-
sequently, the behavioral repertoire increases as the com-
plexity of the social situation increases. For example, a
critical change occurs within the Social Structural setting.
Prior situations require that an agent only needs self-
defined (e.g., preservation, accomplishment-based) and
task-defined (e.g., acquire item) goals. It is here when the
agent is faced with goals that are externally (i.e., socialy)
defined.

The type of agent we are at investigating in this work is the
Boundedly Rational Emotional agent. These agents are
restricted in both their processing capacity (what they can
know) and how they use it. They rely on internal (perhaps
flawed) representations of the social and task situations, but
are goal-driven and bring to bear knowledge in service of
those goals. Our goal for the project is to systematically
simulation these agents throughout the range of social
situations.f]

In this work we explore the impact of emotional compo-
nents on (boundedly rational) agents in a social setting.
Emotions serve as a nontrivial component of certain prob-
lem solving and decision making processes (Simon 1967).
As one might well imagine, there are a host of definitions
for “emotion” with recent attempts at incorporating various
types of emotion in computational agents (e.g., Bates 1994,
Morignot & Hayes-Roth 1006, Picard 1997), with simula-
tions even approximating physiological components and
influences (e.g., Canamero 1997).

However, we elect to incorporate a more symbolic form
that can be situated in a broader context of problem solving
and deliberation in specific settings. Specifically, we focus
on the cognitive influences of agent affect, emotion, and
behavior. Our view of emotion is most similar to that ar-
ticulated by Ortony, Clore and Collins (1988) as “valenced
reactions to events, agents, or objects, with their particular
nature being determined by the way in which the eliciting
situation is construed (p. 13).” In fact, their theory forms
the basis for the elicitation structure of emotion in our
model, so we refer to it as the ET component. Under cer-
tain conditions, Agents can have emotional responses to
events. Basic affective reactions are differentiated with
respect to cognitive constraints (as conditions) defining a
fundamental set of emotional types.

In our model, however, we must account for four kinds of

2 Agent-based modeling concerns the specification of agent prop-
erties and various communication and control constraints. It has a
rich, cross disciplinary lineage with early influences from cellular
automata (von Neumann 1966) and cybernetics (Wiener 1961).
Our efforts parallel agent-based modeling of physical, social, and
socio-economic systems (e.g., Axelrod 1984, 1995, DeAngelis &
Gross 1992, Epstein & Axtell 1996, Gaylord & D’Andria 1998,
Huberman & Hogg, 1995, Kauffman 1993, Langton 1989).

additional phenomena not addressed by their theory. First,
the ET model provides guides for the €elicitation functions
under a general cognitive model, but we must incorporate
some qualitative or quantitative representations that pro-
vide the specification of the underlying scales onto which
differential values can be mapped. The ET model assures a
categorical mapping (intensity variables notwithstanding)
into general states, but does not define sufficient informa-
tion that may carry through to a behavioral mapping of
states to events.

Second, we must handle multiple events occurring over
time. The Agents in our model define a form of repetitive
game with memory and consequence. Agents experience
sequences of events (some originating from interacting with
the world, some originating from Agent communications)
that may demand multiple (repeated and perhaps diverse)
emotional responses. Agents alter their affective views of
the world — they adapt. Thus, a theoretical elucidation of
“emotional change and integration” over time must be
made. What is the effect of multiple events on the dliciting
conditions and subsequent emotional types triggered?

Third, a substantive result of an emotional response (as
defined by the eliciting conditions) is often a subsequent
behavioral response to the eliciting conditions (in the con-
texts of those conditions and emotional state). As emotional
states are influenced by events, they too influence event
choices by the Agent. Given the situation and emotional
state of an Agent, we must define the likelihood of specific
subsequent behaviors, and the conditions under which they
may arise. The presumption is that these types of behaviors
are somehow different from those €elicited in a non-
emotional state, thus accounting for discontinuities and
nonlinear linkages between events and behaviors.

To address these first three phenomena (scaling, multiple
events, behavioral responses) we turn from a cognitive
model to a model from sociology — affect control theory.
Affect Control Theory (Heise 1979, 1987) provides the
theoretical substrate and mathematical articulations of how
events, agents and objects are perceived (socialy) and how
those perceptions influence and are influenced by social
interactions (or descriptions of interactions). Furthermore,
Affect Control Theory affords the mechanisms to predict
affective changes (adaptation) and behavioral responses
(activity) to such interactions.

Finally, the last phenomenon we explore is the collective
effect of the previous three phenomena over time, and
across multiple agents. Though informal considerations of
“group emotions’ have often been discussed, little empiri-
cal or theoretical guidance is provided for rigorously defin-
ing and predicting collective emotional states and behavior
as we are considering them. To this end, we are striving to
define such models, metrics and theoretical apparatus that
can subsume the set of phenomena and explanations woven
in the models we are crafting and the theoretical stance we



are adopting.

The task we model explores the mutual effects of events,
behaviors, and objects under varying agent properties,
event types, group sizes, and task stability. It is a generic
Drosophila task on which we can begin to tack our theory.
The task defined within this model issimple:

Agents seek specific items in an external search space
(e.g., the Internet, a warehouse) and may cooperate (give
and receive advice) as to item locations or the quality of
other Agents’ advice.

What complicates matters is how task and agent properties
impact choices, events, affect, and emotions. Asthistask is
communication-based (i.e., al interaction between Agents
are communications), then trust (in other Agents advice) is
a natural cognitive construct to explore within the setting.
In our model, trust has both cognitive and emotion-based
components. As this task is also about communicating col-
lectives, then cooperation (giving advice about locations)
and rumor (giving advice about other Agents advice) are
additional organizational constructs to explore within the
setting. In our model, generating advice and rumor are be-
havioral responses that also have both cognitive and emo-
tional components.

In this paper we first describe the three theoretical contri-
butions to the paper. We then present the details of the
model and how emotion, trust, cooperation, and deception
fit together. We conclude with a report on the results of an
initial set of simulation experiments that begin to exercise
some components of the model. In these initial experiments
we explore how differential trust models, presence of de-
ceptive agents, and rumor impact group performance under
stable and unstable task conditions.

An Elicitation Theory

Ortony et al. (1988) present a detailed description of what
could be described as a cognitive-based theory of emo-
tional elicitation. We refer to their theory as an €elicitation
theory (ET) where they posit the overall macro cognitive
structure (at an abstract level) linking éliciting conditions
(event perceptions) to emational types and the factors that
can influence their intensity ]

Eliciting conditions describe the conditions (defined as
valenced reactions to situations) under which an emotional
type can be triggered. In ET, there are three basic situations

3 In general, we often interact with events around us quite affec-
tively (i.e.,, in genera “positive” or “negative’ type reactions).
This theory makes the argument “...whether or not affective reac-
tions are experienced as emotions depends upon how intense they
are” (p. 20). Thus, implicit in the diciting condition is the notion
of sufficient intensity in the context experienced.

that could be perceived (sometimes different from reality)
as cueing such reactions. events, agents responsible for
events, and objects (qua objects) E]

Each of the three has a primary local variable as a type
specification that captures the general form of the relevant
valenced reaction. Event-based emotions are triggered and
valenced by the desirability (pleased, displeased) of the
event's conseguences relative to one's own goals (or the
goals of others) without regard to Agent responsibility.
Attribution-based emotions are triggered and valenced by
the praiseworthiness (approve, disapprove) of the actions
of the Agent responsible (or believed responsible) for an
event with respect to a set of expected standards of behav-
ior. Object-based emotions are triggered and valenced by
the appealingness (appealing, unappealing) of the proper-
ties (observed or imputed) of the object involved based on
predispositional attitudes toward the object (or object type)
without regard to Agent involvement, standards, or goal S.E|

Additional variables (global and local) can have effects on
the intensity of the experienced emotional type (compris-
ing an inheritance hierarchy), and certain emotiona types
can be conjuncted under specific conditions (Attribution
with Event-based). Our model addresses a subset of the
theoretical structure posited by ET as our Agents react to
the actions of Agents and consequences of certain Events
(not to objects). How the relevant components of ET fit
together and are represented computationally will be dis-
cussed in the Method section.

An Adaptation and Response Theory

In our model Agents experience events and, under certain
conditions, emotiona states are invoked (per ET). How-
ever, our model requires initial valued states (that permit
analysis of threshold levels), adaptation of values with re-
spect to experienced events (e.g., affective and cognitive
impact of Agent messages), behavioral choices (e.g., to
give or accept advice), and subsequent event experiences.
Thusiit is essential that our model address, for each event,
the effects of the event on: (a) the underlying affect struc-
ture of the participating Agent, and (b) the behaviora
choices of the Agent. This is handled by Affect Control
Theory (Heise 1992, 1987, 1979).

4 Though emotional onsets require varying degrees of cognition,
it is important to note that this does not always require delibera-
tions that are conscious to the Agent. Rather, “...they (emotions)
are determined by the structure, content, and organization of
knowledge representations and the processes that operate on
them” (p. 4).

5 Note that both events (e.g., an influenza injection) and agents
(e.g., a newborn baby) can be (situationally) viewed as objects
(eliciting dislike and like, respectively). Similarly, objects (e.g., a
faulty lawnmower) can situationally be viewed as agents (e.g.,
source of bad events). The impact of the differential interpreta-
tionsisthat effects the set of emotional responses available.



It has been shown that three factors underlie affective reac-
tions to social and nonsocial event stimuli (and descrip-
tions), and this structure is remarkably stable across cul-
tural groups (Heise 1987). These (valenced and scaled)
factors are: Evaluation (a judgement of “goodness — bad-
ness’), Potency (ajudgement of “power — powerless’), and
Activity (ajudgement of “vivacity — inactivity”).El

Let Events experienced by Agents (and descriptions of
Events via communication among Agents) be stipulated in
ABO constituent form:

Actor (Agent) — Behavior — Object (of the Behavior)

For example, “The agent (A) deceived (B) the coworker
(O).”

Each of the constituent elements of such an ABO event
description has an associated 3-tuple set of EPA values
(Evaluation, Potency, Activity) associated with it (from the
perspective of the recipient of the message). Therefore, any
given ABO event description has a 3x3 matrix of invoked
values (whatever they might be). These are described as
out-of-context EPA values and reflect the perceiving
Agent’s fundamental sentiments toward the elements in
isolation, but perhaps defined within a general contextual
frame (Carley 1986).

Event descriptions, however, describe agents and behaviors
in-context and it is such events that alter affect, and conse-
guently emotion and behavior. Affect Control Theory
(Heise 1987) “shows how affective meanings of socia
identities and behaviors are maintained while they control
interpersonal perception and socia action” (p. 1).

Specificaly, it

« defines precisely the underlying scales representing
the dimensional values, and does so in a manner that
the dimensional scales are operationally meaningful —
operators can incorporate multiple scales (quantifica-
tion);

* gpecifies how the EPA values associated with the con-
dtituent elements (ABO) change in context (adapta-
tion); and,

* describes how subsegquent behavior choices are influ-
enced (response).

6 What this means is that Events, Objects and Agents dlicit
judgements simultaneously on the three dimensions and, there-
fore, can vary accordingly. The dimension names (e.g., “goodness
— badness’) are rough approximations to the underlying con-
structs, but are sufficiently illustrative (see Heise 1987 for de-
tails).

Adaptation.

Empirical studies (Heise 1979; Heise & Smith-Lovin 1981;
Smith-Lovin 1987) have demonstrated that it is possible to
generate a set of adaptation equations that define how event
descriptions alter the EPA values of the constituent (ABO)
elements[’]

Consider a simplified example adapted from Heise (1979)
of how prior Evaluation scores of word/concepts are
adapted in the context of an Event description (ABO). Let
A. B, and O, be the out-of-context initial Evaluation re-
sponse ratings (called fundamental) for the constituent
elements (existing prior to the ABO message). Now, the
ABO message describing the event has the effect of updat-
ing (adapting) the Evaluation scores (called transient) for
each of the constituent elements in the following manner.
Let R, represent the resulting Evaluation score of the ABO
combined message:

Re= K+ 0A¢ + PBe +0 BOs

This result is then factored as a contextual influence in the
adaptation equations as:

Ad = Re+ €A,
Ad = R+ €A,
Ad = R+ €A,

All coefficients are empirically determined.

Research in the determination of both the adaptation equa-
tions and the coefficient ranges has revealed a coherent set
of equations (Smith-Lovin 1987, Tables I, I, I11), but also
two complicating conclusions (Smith-Lovin 1987). First,
and as hinted in the above equation set, there are multipli-
cative interactions between the congtituent ABO elements
within dimension (i.e., within E, P, and A adaptation equa-
tions). In the above example, the BO, interaction accounts
for classically reported Evaluation balance effects (e.g.,
Heider 1946), but other interactions also fall out to explain
other effects.

Second, inter-dimensional interactions are defined. That is,
the value on one EPA dimension can impact the updated
value on another. For example, a ByO, interaction (p = po-
tency) in adapting the Evaluation score of an Agent A, pre-
dicts that Agents are evaluated more positively if they di-
rect powerful events (By,) at powerful objects/agents (O,) or
less powerful events toward less powerful objects/agents.

For the adaptation equations to be useful, it is necessary to
either incorporate or craft a set of congtituent (ABO) ele-
ments for which their EPA scores have been determined.f]

7 In addition, the scaling has been constructed so that each EPA
dimension ranges from —4.5 to +4.5 (Heise, 1987).

8 An example of such a set is given in Heise (1979, Appendix).



Response.

Adaptation equations determine how the elements as con-
figured or described in ABO form (i.e., in the context of
the event or message) collectively impact the EPA values
of the constituent elements. These updated EPA values are
the transient values resulting from that experienced event
or event description.

As both the fundamental and transient values are on the
same quantitative scales, then it is meaningful to define the
squared differences between the EPA values of the ABO
constituent elements:

(Ae=As)®  (Be—Be)®  (0e—0¢)?
(Po—Ap)  (Bp—Bg)®  (0p-0Op)
(Aa=A)”  (Ba=Ba)®  (0a-0.)

These values are called deflections, and measure the extent
to which a specific event deflects transient sentiment from
origina values — higher values represent more deflection.
Note that there are two ways to interpret deflections. On
one hand, once an event/message has occurred, this deter-
mines the specific deflections caused by the event/message.

On the other hand, given a presumed event (not yet oc-
curred), the adaptation equations can be incorporated to
predict the deflection of an ABO event/message. Thisisthe
important point:

Affect Control Theory argues that choices of subsequent
ABO events (to the extent they are available) are those
that minimize the deflection from the fundamental senti-
ments. In effect, thisis an effort to select events that con-
firm the fundamental sentimentsf]

Therefore, affective judgements from described or experi-
enced events can be mapped into subsequent behavioral
choices, and behaviors (as well as affective adaptations)
can be predicted and modeled.

Thus Affect Control Theory provides explicit theoretical
and computational mechanisms to augment the cognitive
elements of ET, and afford the ability to link events (E) to
behaviors (B). When sufficient threshold values as deter-
mined by the adaptation equations are exceeded and the
context defined in the cognitive structure are satisfied (with
respect to the ET model of elicitation), then a valenced
response to the situation is activated. We refer to this as the

Note that it may be important to determine whether the reference
subject group (of the Heise data) is sufficiently similar to the
target group (of current application).

9 An corollary to the theory, and seems to be supported by em-
pirica work, is that events that cause little deflection are seen as
more likely to occur than event that cause large deflections (Heise
1979; Heise & Mackinnon 1987).

EB Agent model (see Figure 2).

As we can see, there are sufficient theoretical apparati to
address the links between observed events and subsequent
emotionally influenced Agent behavior. What happens in
the context of multiple Agents interacting over time? That
is, how can we link Agent behavior to group “emotion” as
well as group “behavior”? And, why? Toward that end, we
are attempting to address the situation depicted in Figure 3.
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Figure 2. The EB Agent Model

| Behaviors

Cooperation, Rumor, and Trust

As we have noted, our models are characterizations of a
multi-agent search task. Agent cooperation in these models
is defined solely in terms of communication. The impact of
emotion influences the choice of cooperation (i.e., commu-
nication) behaviors. As such, we explore the constructs of
cooperation, trust, and rumor.
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Figure 3. The Multi-Agent EB Model

Cooperation.

In our model, agents can seek (and provide) cooperation in
the form of providing advice of two types. First, agents can
provide information to facilitate the search goa of another
agent by communicating some of its experiential knowl-
edge — whether the agent has seen the item (this requires a
task memory for the agent). Second, an agent can provide
information that characterizes the agent’s experiences with
another agent — whether the agent in question has provided
helpful location advice (this requires a social memory for
the agent). In general, advice is always in response to a
guestion from another agent. An agent chooses to request
advice as a search strategy, but an agent chooses to provide
advice based on emotionally influenced issues regarding
agent behaviors.

Because of the critical role of cooperation to an agent and
an agent group, advice becomes an important individual
and socia construct that serve individual as well as social
goals. Consequently, we include a deception construct for
advice. Thus, agents can not only cooperate or not (i.e.,
give advice or not), but can also “anti-cooperate” (i.e., in-
terfere) for either individual or social reasons. Accordingly,
trust in advice must be considered.

Trust.

If cooperation in the form of advice isa critical component
of behavior, then it isimportant and functional for agentsto
consider whether or not the source of advice is believable.
In our model, this simply means that if Agent i trusts Agent
j, then Agent i will believe any advice from Agent j.

Trust has a host of definitions. In our work we generically
define (interpersonal) trust as the Agent’s ability, given
attributional information, to act on predictions and make
predictions that other Agents will act in a cooperative man-
ner. Trust is primarily a cognitive construct (based on de-
liberation) and secondarily an emotional one (Prietula &
Carley, in press). The cognitive components of trust is

based on default assumptions (of other agents), and direct
experience (with agent communications). For example, we
might assume that, at least initially, al agents trust each
other. If an agent does not provide correct advice, then that
agent might not be trusted or might be suspect (depending
on the trust-algorithm for the agent).

When humans interact with agents, the picture becomes
more complex. In particular, when advice is characterized
from a computer agent, humans react differently in their
construction of trust judgements (Lerch, Prietula & Kulik,
1997). This appears to be based on a quickly emergent se-
ries of attributional effects centered around the attribution
of knowledge to the system, and can even impact a con-
struct of “machine faith” (Lerch, Prietula & Kim, 1999).|[E|

Emotion impacts trust when affect responses exceed
thresholds under certain circumstances. Extending the
above example, if an agent does not provide correct advice,
then an emotional response could be activated if either the
importance/significance of the event is large, or if the ex-
pectations of the agent are radically violated. On the other
hand, an assumption of trust might be made as an emo-
tional response to advice from a trusted source that per-
formed a significantly approvable action (e.g., good ad-
vice) [0

Emotion and trust are highly contextual and may have both
individual and socia consequences. The contextuality is
(properly) suggested by the definition provided by Ortony
et al. (1988). Thus, the exact nature of how emotion and
trust unfold depends on the task, agents, and social situa-
tion.

Rumor.

We include rumor in this model as both a behavioral choice
and as an organization construct as it reflects a very real
social mechanism of communication. Current communica
tion technologies alter the speed and scope of their distribu-
tion and (presumably) their organizational effect. Once
whispered or dispensed on the telephone, rumors now are
broadcast real-time on firm's email or the nation-world
Internet in seconds.

In their classic study of wartime rumors, Allport and Post-

10 |n Lerch, Prietula and Kulik (1997), a series of human experi-
ments revealed how trust in a computer-based agent could be
defined and influenced. Lerch, Prietula and Kim (1999) is a fol-
low-up series of experiments where they develop an instrument to
assess and predict trust responsesin a computer-based agent.

11 Cogpnition and emotion work together in effecting the three
components of trust (Remple, Holmes & Zanna 1985): predict-
ability, dependability, and faith. Predictability refers to the most
concrete and observable dimension of trust — predicable agent
behavior over time in a presumably stable environment. There-
fore, informing an agent on the stability or instability of the envi-
ronment could impact these attributions.



man (1965) provide a definition of rumor as “...a specific
(or topical) proposition for belief, passed along from per-
son to person, usually by word of mouth, without secure
standards of evidence being present” (p. ix). They argued
that there are two basic conditions for rumor: (1) the con-
tent involves something of “importance” to the speaker and
listener, and (2) the truth is ambiguous.

Rosnow and Fine (1976) offer a succinct definition of ru-
mor as “a proposition that is unverified and in genera cir-
culation.” Thus, the truth or falsity of a rumor is not the
issue, for truth or falsity is unknown; rather, it is that truth
or falsity is not immediately verifiable and that the proposi-
tion be dispersed. Rumors differ from other sorts of social
story exchanges (e.g., legends) in that they address current
events, are about specific facts with respect to those events,
and are intended to be considered for belief (Kapferer

1990) 7]

Our interpretation of rumor, in fact, overlaps with what is
called “gossip.” Rosnow and Fine (1976) make a distinc-
tion between rumor and gossip in that gossip involves “less
important,” more personal issues, that can be either true or
false, with a shorter communicative life-cycle, that serves
more ego-based and social-exchange functions. Rumor, on
the other hand, involves some sort of closure-seeking, is
not verified, often concerns more “significant matters,” and
even serve to function as a mechanism for group problem
solving (Shibutani 1966). We see both types occurring in a
work setting. A rumor can exist regarding possible lay-offs
(facts are unknown, but the matter is significant) while gos-
sip can surround the discussion (e.g., Who is spreading the
rumor? How reliable are they?).

In our model, rumors are communications of two types:
information about a location (similar to the definitions of
rumor above), but also information about other agents
(similar to the definition of gossip above). Our interpreta-
tion of rumor subsumes that of task-related “institutional
gossip” as we see this as an important component of defin-
ing and maintaining informational coalitions.E]

12 |n fact, they offer a simple formula for predicting the amount
or intensity of rumor in circulation as: R ~ i x a, wherei is the
importance of the subject and a is the level of ambiguity of evi-
dence on the subject. Moddls of dissemination of rumors as, for
example, birth processes through a population are well docu-
mented (e.g., Lave & March 1993), though not quite relevant for
this simulation (i.e., spread is not a parameter of the model in this
paper).

I3Although modern “urban legends’ are told to be believed
(Degh & Vazsonyi 1976), they differ in that they are often deriva
tives of earlier legend (Bennett 1985) and serve more genera
entertainment goals (or social goals attainable through entertain-
ment) than task-specific goals as are addressed in our model.

14 This interpretation comes from three sources. First, work by
Dunbar (1996), who argues that gossip is actualy a linguistic
derivative of grooming behaviors that serve an important social

Description of M odel

The metaphor for this task is a group of agents searching a
warehouse for particular items. We will explain the indi-
vidual elements of the model as Tasks, Agents, and Social
Situation.

Task.

Thetask involved a set of agents, where each agent sequen-
tially acquires an order for an item at a particular location
(the order stack), then searchers for that item in a series of
other locations (in the warehouse), retrieves that item when
found, places the item at another specific location (con-
veyor), and then proceeds back to the order stack for the
next request. The genera form of this is shown in Figure
4.
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Figure 4. Structure of Warehouse Task

An agent can determine if an item is in a location (stack)
only by going to that particular stack’s queue. If the queue

function of maintaining of social bonds, as well as communicat-
ing information about the behavior of others (e.g., freeriders). In
work settings, similar bonds are made with the establishment of
organizational coalitions. Consequently, institutional gossip (i.e.,
gossip whose subject content is related to the agent in the work-
place) is a plausible form of coalition maintenance (mutual
grooming by exchanging information to facilitate task perform-
ance) and control (communicating information about unreliable
coalition members who inhibit task performance). Second, Simon
(1990, 1993) promotes an argument that in the context of
bounded rationality and a requirement for social groups, evolu-
tion has promoted a trait of docility which is “the tendency to
depend on suggestions, recommendations, persuasion, and infor-
mation obtained through social channels as a major basis for
choice.” The side effect is that a mechanism exists that can bene-
fit the fitness of the individual (i.e., information about experience
contributes to fitness) and the group (i.e., bounded rationality
inhibits unambiguous determination about the quality of the in-
formation, so the group can occasionally extract dtruistic-like
behaviors). Thus, group level benefits can be reaized by exploit-
ing bounded rationality of individuals. Third, this seems to be
supportable by recent research on multi-level selection theory,
where group-level adaptive traits in general, and atruism in par-
ticular (Sober & Wilson 1998, Wilson & Sober 1994)



is empty (i.e., no other agents are there), then the agent can
access the stack and retrieve the item. If the queue is not
empty, the agent must wait until it is before the stack can be
accessed.

Parameters of this simple task can be altered to systemati-
cally modify critical properties, for example:
* number of items and stacks (size of search space);
» replicated itemsin stacks (size of search space);
« weight of items (nature of search space — single vs.
multiple agents required, or items valued by weight);
« volatility of item locations (stability of search space);
» replicated items in order stack (volatility of search
space);
« differential value of items (nature of search space).

Agents.

As noted, our agents are boundedly rational, goal-driven
agents (though variations will occur as manipulations). In
addition, the agents will have the capacities (as knowledge)
to address the requirements of various social situations
defined in Figure 1 (again, as manipulations). Agents are
maximally defined with the following properties:E|

e itemmemory (can recall items in stacks that the agent
has visited);

e event memory (can recall non-social events);

« social memory (can recall socia interchanges with
other agents);

 task goals (define the task objective or objectives for
the agent);

« social goals (define the constraint or constraints on
social behavior for the agent within the task setting);

« individual goals (define the objective or objectives of
the individual agent as the task unfolds);

« behavioral typology (defines specific advice, trust
and rumor propensities);

e communication capability (can ask and answer ques-
tions regarding item locations and agents);

e expectations and attributions (default and initial state
beliefs, assumptions and attribution values regarding
the agent, the task and other agents);

< emotional typology (propensity to emotional reac-
tions under situations defined by threshold values);

e emotional state (current emotional status in terms of
ET);

« behavioral states (the behavior repertoire options of
the agent in terms of fundamental and transient EPA
values);

e processing capacities (defining the general con-
straints on internal deliberation efforts, such as mem-
ory limits); and,

15 Different social situation manipulations will use different sub-
sets of these constructs. Furthermore, some of these constructs
have subconstructs. For example, the relevant set of globa and
local variables required for ET (Ortony et al. 1988).

o effort map (defines how much effort, in terms of
processing capacity, isin use and how).

In addition to these agent properties, agent messages also
have properties (e.g., source of message) depending on the
particular message type (e.g., rumor, question, advice).

Social Situations.

The set of social situations represent a series of manipula
tions that are based on the categories described in Figure 1.
As we move through the categories, more knowledge de-
mands (of the social situation) are made on the Agents. In
addition to knowledge, each socia setting has a dightly
different implication for the primary manipulations of in-
terest — advice, rumor, trust and deception. We summarize
them as:

 Nonsocial. Agent is alone in the task; individual and task
goalsintroduced here; no socia knowledge or goals.

» Nonsocial Multiple Agents. Multiple agents introduced
here; no inter-agent communication; no social knowledge
or goals.

» Real-time Interactive. Inter-agent communication and
rudimentary social and organizational knowledge and
learning introduced here; no social goals; advice, rumor,
and trust judgements are experience-based.

» Social Sructure. No social goals; advice, rumor and trust
judgements are experience-based and social-structural-
expectation based.

» Social Goals. Social goals introduced here; advice, ru-
mor and trust-judgements are experience-based and so-
cial-goal based.

e Cultural-Historical. Historical- and cultura-based
norms, beliefs and values (and sanctions for violations)
introduced here; advice, rumor, and trust-judgements are
experience-, social goal-, and historically-culturally-
based.

| nter actions.

Interactions occurring among the Task, Agent and Social
Situation are important to defining meaningful properties
and manipulations, as well as consideration of the utility
and etiology of those properties, as shown in Figure 5.
Articulating the three elements is not simply away of view-
ing the situation, but rather a necessary and sufficient way
of viewing organizational and group behaviors (Carley &
Prietula 1994). To even define group and organizational
“settings,” all three elements must be addressed, or ex-
planatory power is decreased (because of the increased
degrees of freedom for the unspecified constructs) E]

Consider the number of agents in the task. Larger numbers

16 versions of such interactions as constraints on theory and
explanation have been well-argued elsewhere, ranging from psy-
chology (e.g., Hoffman, Feltovich & Ford 1997, Jenkins 1979,
Newell 1973) to economics (e.g., Schelling 1978).



of agents will (presumably) have differential effects de-
pending on the type of task and the social situation. Agents
in a Nonsocial (Multiple Agent) situation view these addi-
tional agents simply as additional objects to negotiate as
they pursue their own goals. As they do no communicate,
there is no ability to exchange information and share
knowledge. Agents in a Real-time Interaction situation
have the ability to share information and possibly reduce
agent effort. Agents in a Socia Structure situation may be
impacted by where (in the socia structure) the new agents
reside. Agents in a Social Goals situation are affected in
terms of the social goals that the new agents bring to the
task. Finally, agents in Cultural-Historical Situation bring
norms, values and beliefs that may or may not be consistent
with, and therefore helpful to, the existing set of agents.

Agents

Social
Situation

Tasks

Figure 5. Required Elements of Group Behaviors

A Simulation Experiment

We describe a simple simulation experiment where we ex-
amine the behavior of boundedly rational emotional agents
under varying task conditions in specific social settings. El

Task.

The warehouse task was implemented with ten locations
and thirty unique items that were systematically assigned in
decreasing modulo fashion starting at Stack 1 (with 1tem30,
[tem20, and Item10) through Stack 19 (with Item21,
[tem11, and Iteml). This assignment was constant for all
simulations. One critical task property was manipulated,
environmental stability, as follows. If a task environment
was stable, agents could access items in stacks without
disrupting other items in the stack. If a task environment
was turbulent, agents accessing a stack with multiple items
would cause disruption by random placement of non-
retrieved items to other stacks.

Social Situation.

The socia situation was a Real-Time Interactive setting
where agents could communicate with other agents. No
particular social structure is defined, so judgements are
based on direct or communicated experience. Rumor struc-
tures are supported as a communication structure, but the

17 The simulation was written in CLIPS 6.0 (CLIPS 1993).

lack of social structure imposes no specific group con-
straints or effect. Task and individual goals exist, but no
socia goals exist.

Agents.

Five agents were used in al simulations, and all simula-
tions began with the agents queued at the OrderStack. For
al simulations an agent could take only one order at atime.
Three (indeed interrelated) manipulations were made to the
agent models.

» Agent cooperation,
» Emotionally-influenced trust models, and
* Propensity to assert and listen to rumor.

Cooperation. As noted, cooperation in this task is defined
as provision of information (advice) in response to a re-
quest from another agent. Cooperation can be truthful, or
can involve deception (i.e., lies). Recall that there are no
socia goals in the Real-Time Interaction setting, and task
and individual goals dominate choices and interpretations.
This is significant, in that addressing self-interest goals
appear to the dominant factor in deception choices (Grover
1993, 1997). In a socia setting dominated by interaction,
information and self-interest, deception is not unlikely.

Deception in our model can be interpreted as a betrayal of
expectations, as al agents in all conditions have a default
presumption of honest cooperation from other agents.
Elangovan and Shapiro (1998) make distinctions among
accidental betrayal (betrayal event, but absence of intent),
intentional betrayal (betrayal event, intent present), and
opportunistic betrayal (betrayal event, intent present but
arises situationally and is justified in context). In our model
accidental betrayal can arise when honest agents provide
advice in turbulent tasks. Intentional betrayal occurs when
the default cooperation choice of an agent is deception.
Opportunistic betrayal occurs as an emotional choice to
change from an honest to a deceptive agent under certain
trust events (described next).

In this simulation two types cooperative agents were de-
fined: honest or deceptive. Agents remain that way
throughout the simulation. We aso vary the number of
deceptive agents in the group (for the other manipulations),
ranging from zero (no deceptive agents) to five (all agents
are deceptive).

Emotion and Trust. In this simulation, the ET components
were not included; rather, four specific response types were
defined in terms of their reaction to negative events (advice
from agents). The set of response types selected subsume
differences in importance of events to evoke emotional
responses, as well as differences in behavioral responses to
events when they are deemed important (i.e., threshold
values exceeded). The focus of this aspect isthe behavioral
responses to emotiona states defined in terms of trust
judgements (believe or not) in agent advice.




The trust models used in the simulation are the following:

e Model 1 —Trusting. These agents do not see events as
sufficiently important to generate an emotional re-
sponse to alter trust behavior. The always view other
agents as honest and trust them. For these agents,
emotional states (and thus responses) are not relevant.

 Model 2 — Forgiving. These agents exhibit emo-
tional responses that are based on bad advice, or ru-
mor, about other agents. For these agents, it takes two
pieces of bad advice in a row from an agent before
that agent is judged as deceptive. On the other hand,
two pieces of good advice in a row can redeem the
agent (and be once again viewed a trustworthy).

* Model 3 — Reactive. These agents are similar to the
Reactive agents in that only one piece of bad advice
causes them to make judgements of deception. Once
judged, however, these agents do not forgive. Emo-
tional reactions to events are quickly translated into
enduring dispositional judgements of agents.

* Model 4 — Digtrusting. These agents do not trust any
other agent.

Not only does a judgement of deception (of another agent)
cause an agent to ignore advice, but it also causes the agent
not to provide advice to a deceptive agent that is requesting
advice.

Rumor. As noted, rumors can play an important part in a
group or organizational setting as surrogate experiences
and attributional influences. In this simulation, rumors are
incorporated as follows:

« If some Agent i received bad advice from some Agent
j, and Agent i is a gossip, then Agent i starts a rumor
that Agentjisaliar.

e Any Agent k (i.e, in all above models) that detects a
rumor about another Agent j, will choose not to pro-
vide advice to Agent j.

Rumors have an immediate effect. Two levels of this vari-
able are incorporated as a property of the agents: assert
rumors, do not assert rumors. Perceived rumors do not
change an Agent’s judgement (about the rumored Agent),
but only whether to provide advice or not, or to accept ad-
vice, or not. However, the Agent originating the rumor has
experiences that can alter trust judgements (based on the
particular Trust model).

Deception. Agents that are deceptive always attempt to
provide false information about locations when asked by
other agents. These agents generate a random location
when asked, but do not check whether that location is accu-
rate or not (they, in fact, may not know). Thus a small frac-
tion of the time these agents may provide accurate advice.
Deceptive agents do not withhold information (they gener-
ate false information), but they are susceptible to receiving
false information, so they can generate rumors as do non-
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Deceptive Agents.

Design.
Manipulations were made at the group level (i.e., homoge-

neous Agents within manipulation). The manipulations
were:

e Task. Two levels of Environmental Stability were ex-
amined (stable environment, turbulent environment).

» Agents. Four Trust models (Trusting, Forgiving, Re-
active, and Distrusting), Two levels of Rumor (as-
serts, does not assert), and six levels of Deceptive
Agents (0. 1, 2, 3, 4, and 5) in any 5-agent group.

We report on the following sample of dependent variables:

e Organizational effort (total number of effort by the
group);

 Information Withheld (an agent knows the answer to
a question from another agent, but does not answer
because there is a rumor about the questioning agent,
or the agent is judged to be deceptive);

e Sructural Duration (average duration of positive
trust relations expressed as percentage of maximum
cycles);

» Conflict (relations that have been judged as deceptive
as a percentage of thetotal coalition).

Results and Discussion

Main Effects. If we make the (admittedly broad) assump-
tion that the set of models and task/agent properties we
have selected are somewhat representative of a set of ran-
dom variables taken from a population of models and prop-
erties, we can take a high-level view of main effects and
interactions across that set. Table 1 presents the main ef-
fects obtained.

Table 1. Main Effects

Effort Info Duration  Conflict
Withheld
TruSt T* l*** T*** l***
Turbulence PHEEE ns ns ns
Deception [ L ns ns
RUmOr ns ns T*** l***

*p < .05, **p < .01, ***p < .001

Increasing the trust models of the group results in subse-
guent increases in overall effort and more durable informa-
tion coalitions, and subsequent decreases in the information
withheld and conflict. Increasing the turbulence of the envi-
ronment has a single effect of increasing effort. As more
deceptive agents are added to a group, both effect and in-
formation withheld increases. Finally, if rumors are incor-



porated, the duration of the information coalitions and de-
creases the conflict of the group.

These models impact all four dependent variables, so we
can explore their differential impacts across dependent
variables, by a post-hoc analysis (Duncan’s multiple range
test) of the results (Table 2).

From this analysis, we can see that there does exist vari-
ance in the effects of the models, and these effects differ
across dependent variables. Table 2 is read as follows.
Agents that are Trusting (model 1), score significantly
higher in Effort and withhold more information than
Agents that are Distrusting (model 4), have more stable
information coalitions than all of the other models (2, 3 and
4), and have lower conflict scores that the other models (2,
3 and 4).

Table 2. Model Differences

Differs Effort Info Duration  Conflict
1 Trusting 4 4 2,34 2,34
2 Forgiving 4 4 134 14
3 Reactive - 4 124 14
4 Distrusting 12 1,23 1,23 1,23

Overall, most of the effects are what one may expect, but
bearing in mind the nested effects, we can explore further
the interactions. However, limits in the values (variance) in
some conditions restrict the explorable set of interactions.
Consider, for example, the “extreme” behaviors of the
Trusting and Distrusting agents — the former is always
trustful while the latter is never trustful — so Duration and
Conflict values cannot be used. In this analysis, we disre-
gard these extreme models and explore full interactions for
the Forgiving and Reactive models only.

Figure 6 and 7 show the interaction graphs for the Forgiv-
ing and Reactive models respectively, exploring how De-
ception, Environmental Stability, and Rumor impact organ-
izational Effort.

Consider the left two panels (with no Deceptive Agents and
one Deceptive Agent) of Figure 6. Turbulent (uncertain)
environments increase the organizational effort. Rumors
have little effect in turbulent environments, but begin to
have some effect in stable ones (with one Deceptive
Agent). As Deceptive Agents are added to the mix, benefits
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from rumors are reaped in stable environments and, to a
lesser extent, in turbulent ones.

Figure 6. Interactions for Forgiving Agents on Effort

Turning to Reactive Agents (Figure 7), the benefits from
rumor are accrued but the benefits are more discontinuous.
In addition, the general level of effort is attenuated as the
number of Deceptive Agents increase. When the number of
Deceptive Agents is three or five, there seemsto be adight
Environment by Rumor interaction.
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Figure 7. Interactions for Reactive Agents on Effort

Thus, Forgiving Agents benefit more from rumor in Decep-
tive and Turbulent environments than do Reactive Agents,
as Reactive Agents not only actively spread rumor, but are
more immediate in their behavioral changes with respect to
advice as the likelihood of correct advice decreases (via
Turbulence or Deception).

Figures 8 and 9 show the interaction graphs for the Forgiv-
ing and Reactive models respectively, exploring how De-
ception, Environmental Stability, and Rumor impact Infor-
mation Withheld.
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Figure 8. Interactions for Forgiving Agents on



Information Withheld
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Figure 9. Interactions for Reactive Agentson
Information Withheld

Note that information withheld means that a given Agent i
perceives a request for advice from another Agent k and
Agent i knows (or presumably knows) information of value
to the questioning Agent k. If there is a Rumor about Agent
k, the advice is withheld by Agent i. If Agent i has previ-
ously made a judgement about Agent k as being untrust-
worthy, the advice is again withheld by Agent i. On the
other hand, recall that Deceptive Agents do not withhold
information (though they are susceptible to bad advice,
make judgements of other agents, and generate rumors).
Thus, Information Withheld is a direct function of rumor
about a given Agent for non-Deceptive Agents.

First, we can examine the behavior without Rumors. In
Figure 8, the stability of the environment has little effect on
Information Withheld. Without rumors, Forgiving Agents
must rely on direct experience, and that experience in-
cludes higher tolerance for bad advice, thus a genera re-
duction in Information Withheld. Additionally, as the num-
ber of Deceptive Agents grows, the number of Agents
withholding Information decreases (recall Deceptive
Agents do not withhold Information).

The graph for the Reactive Agents (Figure 9) is somewhat
more involved, but the same phenomena hold. Like the
Forgiving Agents, Reactive Agents respond to advice and
when that advice is bad, they alter their trust judgements. If
such Agents are judged as untrustworthy, then they will not
receive responses to their requests for advice (except by
Deceptive Agents). Unlike Forgiving Agents, Reactive
Agents are less forgiving and judge more Agents as un-
trustworthy; therefore, they withhold information when
asked. Without rumors, these Agents rely on experience
and their experience generates judgements and withholding
of information. However, as the number of Deceptive
Agents grows, the number of Agents withholding Informa-
tion decreases, causing the overall decreasing level.
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In order to examine the cases with Rumor, it is necessary to
recall that information is withheld (by non-Deceptive
Agents) because (1) the questioning Agent has been judged
untrustworthy (via direct individual experience), or (2)
there is a rumor that the questioning Agent is untrust-
worthy, where condition (1) dominates condition (2). Fur-
thermore, as rumors inhibit direct experience, rumors in-
hibit judgement changes. For Forgiving Agents, their
judgements are generally positive (Figure 8), so condition
(1) above is generally not met. However, when Rumor is
introduced, condition (2) above is met and persists as the
number of Deceptive Agents increases. In fact, as the num-
ber of Deceptive Agents increases, the decreasing number
of non-Deceptive Agents accounts for Information With-
held.

For Reactive Agents, low numbers of Deceptive Agents
result in judgement changes that dominate the effects of
Rumor. As direct experience causes more negative judge-
ments, less Agents are likely to listen to advice, experience
bad events, and spread rumor. Recall that Rumors are de-
rivative of following bad advice, so when less Agents fol-
low less advice, less rumors are spread and, therefore, less
rumors are taken (see Figure 10).

Figure 10. Rumors Taken by Agents




Figures 11 and 12 show the interaction graphs for the For-
giving and Reactive models respectively, exploring how
Deception, Environmental Stability, and Rumor impact the
average Duration (as a fraction of maximum simulation
cycles) of the information coalition members. For example,
in Stable environments with no Deceptive Agents, the In-
formation Coalition is maximally intact at 1.0.

Faorgeing Suganis

Figure 11. Interactions for Forgiving Agents on Duration of
Information Coalitions

Raaclioe Agents

Figure 12. Interactions for Reactive Agents on Duration of
Information Coalitions

In Figure 11, it can be seen that as the number of Deceptive
Agents increases, the general duration of an information
coalition of Forgiving Agents does not decline appreciably,
and Turbulence does not seem to be a factor. Rumors have
a general effect of reducing the Duration situationally. On
the other hand, Reactive Agents (Figure 12) that do not use
rumor have a general reduction in the Duration of the coali-
tions as the number of Deceptive Agents increases. For
Reactive Agents, rumor sustains the Duration over increas-
ing Deceptive Agents and turbulent conditions.

Thus, rumors have aimost the opposite effects for the dif-
ferent Agent trust types. The reason for this is, again, the
differential roles and effects of experience and rumor.
Agent trust models are based on experience; that is, trust
adjustments are based solely on advice from other Agents.
Rumors, as noted, are weaker experience surrogates that
inhibit the generation of advice (as cooperation), but at-
tenuate the alteration of judgements. The Forgiving Agents
of Figure 11, under Rumor conditions, do not follow advice
(because of rumor) and thus cannot forgive the Agents.
Rumor disrupts the coalitions. The Reactive Agents of Fig-
ure 12, on the other hand, are inhibited from imposing their
negative assessments and rumor serves to preserve coali-
tions.

Finally, Figures 13 and 14 show the interaction graphs for
the Forgiving and Reactive models respectively, exploring
how Deception, Environmental Stability, and Rumor im-
pact the Conflict (fraction of the information coalition dis-
rupted).
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Figure 13. Interactions for Forgiving Agents on Conflict
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Figure 14. Interactions for Reactive Agents on Conflict




Conflict is closely related to the Duration measure, so the
explanations are equivalent. Left to their own calibration
devices, Forgiving Agents (Figure 13) will augment their
judgements through interaction with the Agents, but thisis
prevented when rumor structures are present. Similarly,
Reactive Agents (Figure 14) are quick to break up coali-
tions and increase Conflict. Again, rumor inhibits the direct
experience and, by our definition, reduces conflict in the
coalition.

How this works can be explained by examining the interac-
tion between trust judgements adjustments and rumor.
When Agents experience good or bad advice, they alter
their trust judgements accordingly, though dightly differ-
ently as their trust models differ. Across Deceptive condi-
tions, the general amount of good advice an Agent receives
understandably decreases: more Deceptive Agents are gen-
erating bad advice and fewer Agents are generating good
advice. Rumor, however, does not impact good advice as
much as bad, as rumors are spread based on bad advice, not
good (reflecting the general nature of rumor). Therefore,
the effect is that rumor attenuates bad judgements, which
necessarily depend on experience, and this impacts the Re-
active Agents' ability to alter trust judgements down within
Rumor conditions (Figure 15). This effect is also found in
Turbulent environments, though there is an overall effect of
less judgements up.

Ranctres Ageciz Stabls Evdionmsnt

Figure 15. Reactive Agents and Judgements

Conclusion

The purpose of this paper was to craft an initial process-
level simulation in order to explore how different emo-
tional-trust models of individual boundedly rational and
emotional agents would impact group performance that
depended, in part, on cooperation in the form of informa-
tion. We defined four Trust models and explored how their
decisions unfolded under a variety of conditions. The gen-
eral nature of the Trust models were influenced by empiri-
cal studies on how humans trust information from a series
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of different sources: peers, experts, and intelligent (com-
puter-based ) agents. We also described how two models of
emotion could be woven together to generate emotion-
based responses, though we did not implement this in this
study.

Does trust matter? Overall findings suggest that different
trust models have different organizationa effects (recall
Tables 1 and 2) and we focused our results on two varia-
tions, Forgiving and Reactive Agents, and explored how
groups would differ under varying conditions of Rumor,
number of imposed Deceptive Agents, and whether the task
environment was Stable or not. The most interesting results
seem to occur with the Rumor construct and its interactions
with the other manipulations.

Do rumors matter? Rumors indeed matter, but not the same
way to all groups (and we are talking about groups of
Agents).

» For Forgiving and Reactive Agents, as the number
of Deceptive Agents increases in a group, rumor can
reduce their general impact on increasing organiza-
tional effort;

» For Forgiving Agents, rumors increase the amount
of information withheld (cooperation via advice) as
the number of Deceptive Agents increases, but this
effect does not carry over to Reactive Agents;

» For Forgiving Agents, rumors reduce the average
size of an information coalition, but for Reactive
Agents rumor increases the average size of the in-
formation coalition;

» For Forgiving Agents, rumors can increase the
amount of group conflict, but for Reactive Agents
rumor can reduce the group conflict.

How do rumors matter? This, perhaps, is the most reveal-
ing result of our simulation. Overall, rumors act by dis-
seminating Agents negative experiences (i.e., reactions to
receiving bad advice) which, in turn, reduces the likelihood
of a “deceptive” Agent deceiving other Agents (as rumors
induce them to avoid advice from the offending Agent). On
the other hand, by not taking the advice of an Agent, direct
experiences cannot ensue that may alter the trust judge-
ments of the Agent (up or down). Thus, one can think of
adherence to rumors as a group trait, so to speak (i.e., do
not supply information to an agent when there exists a ru-
mor), while specific evaluations about an Agent’s trustwor-
thiness, based on direct experiences with that Agent, as an
individua trait.

From the perspectives of the Agent types, Forgiving Agents
have a “maladaptive under-reaction” to perform in ex-
tremely uncertain information environments (Turbulence
and high Deception), so a group trait (rumor) facilitates the
reduction of the information coalitions, and reduces the
overall effort of the group (see Figure 6). These Forgiving
Agents are prevented for forgiving other Agents (depend-



ing on genera timing issues) based on their individua
preferences for adjusting trust. Rumor facilitates the de-
struction of the coalition.

Reactive Agents possess individual traits to quickly termi-
nate information coalition membership, but under certain
conditions this might be an “maladaptive over-reaction”
and rumor serves as a group behavior that mitigates that
trait. Acting in the opposite manner, rumor inhibits Reac-
tive Agents from direct experiences that would result in
coalition termination. Rumor facilitates the preservation of
the coalition. Overall, rumor has a dampening effect on the
underlying trust j udgements.E|

This work is embryonic and necessarily constrained. Our
general strategy, however, remains the same: determine the
empirical foundations of a plausible set of behavioral func-
tions that can account for the collective phenomena under
study. The next steps seek to directly incorporate the other
specific components (e.g., Affect Control mechanisms, ET
structures), scale up (and down) the size of the group, alter-
ing the forms of agents, and proceed with human-agent
calibration and predictions studies.
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