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Abstract 
This paper advocates a new methodology for studying 
computational cultural dynamics.  It argues that 
knowledge-rich agent-based social simulations are 
needed to understand and model the cultural dynamics of 
natural and artificial societies.  The methodology is 
illustrated with the help of Multiagent Wumpus World 
(MWW) testbed.  We also presents results of experiments 
conducted using a version of MWW. 

I. Introduction 

All electrons are the same. This might be a 

truism to physicists, but it can be quite jarring to 

psychologists who focus on the individual 

differences which make each person unique as 

well as on the commonalities which make them 

human. Because of the non-uniqueness of 

electrons, modelers of electron behavior can 

concentrate on their interactions. Modelers of 

human behavior, however, face the doubly hard 

problem of determining how to characterize what 

makes people different and non-interchangeable 

as well as how these idiosyncratic humans 

interact.  

 

In principle, agent-based simulation offers a way 

to model the interactions between many agents 

and to provide the individual agents with unique 

“personalities,” beliefs, and attitudes which, in 

addition to individuating the agents and their 

cognitive characteristics, in turn affect how 

particular agents interact with each other.  In 

principle, clusters of agents with many, at least 

roughly, similar characteristics can be aggregated 

into “communities” and thus give us a way to 

model the effects of culture. 

 

Going from “in principle” to “in practice” is 

another matter. Our first steps of the journey will 

focus on the characterization and propagation of 

beliefs and how culture affects transmission of 

information and interactions among people in 

uniform and diverse cultures. The reason for 

focusing on beliefs and information transmission 

is that “shared” information is both a determiner 

of beliefs and is itself determined in part by 

existing shared beliefs. That is, culture (which is 

at its core has a set of shared beliefs) can and 

does influence which information is propagated, 

filtered, amplified, augmented, or otherwise 

modified and ultimately accepted or rejected. 

 

II. Information Transmission & Culture 

 

Belief dynamics involves the passing of 

information from one individual to another. But 

an item of information is not merely passed 

intact from one person to another. Errors can 

occur in what one person hears and what that 

person then says to the next individual in a chain. 

This phenomenon has been studied in 

psychology since the classic work by Bartlett 

(1932/1967) on how the content of a short story 

gets changed upon repetition from memory. The 

phenomenon is also nicely demonstrated 

whenever children play the game of “telephone” 

in which a chain of children pass along a 

message by whispering from one to another. 

 

The question immediately arises as to why and 

how the initial message and subsequent passings-

on are modified. One hypothesis that can be 

addressed with agent-based modeling is linked to 

cultural differences in what is considered 

important and hence attended to and what is 

considered non-important and hence not attended 
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to. Drawing on a cultural factor termed Analytic-

Holistic thinking (e.g., Choi, Koo, & Choi, 

2007), Nisbett (2003) has argued that East 

Asians are more holistic in their thinking and 

thus pay more attention to context, background, 

and relations and less to central details while 

Westerners are more analytic in their thinking 

style and thus focus on central characteristics and 

tend to ignore the context, background and 

relationships. Nisbett argues that East Asian 

mothers tend to call attention to relationships and 

actions among play objects while Western 

mothers tend to call more attention to things 

using nouns and adjectives. 

 

Assuming the analytic-holistic characterization 

of Nisbett, we offer as a general hypothesis that, 

in an information-passing task, Westerners 

would tend to focus on central objects using 

nouns and adjectives and tend to drop 

background items and simplify messages by 

dropped verbs and action words. In the same 

task, we argue, East Asians would tend to 

transmit background details and verbs describing 

actions while dropping adjectives. As a corollary 

hypothesis, we predict that Westerners would 

transmit messages rich in concrete nouns and 

adjectives with less distortion than East Asians 

while East Asians would transmit messages rich 

in background description and verbs of action 

and relationships with less distortion than 

Westerners.  

 

What is especially attractive about these tasks, 

hypotheses, and predictions is that we can obtain 

both behavioral data and modeling results to 

enable assessment and model validation. We are 

currently working on both the behavioral 

experiments and models. 

 

Rumors & Social Contagion:  

 

A very important and special case of passing on 

of information is the spread of rumors. We see 

agent-based models as a promising alternative to 

the stochastic theory of rumors started by Daley 

and Kendall (1965) and more recently 

highlighted by Belan and Pearce (2004) and 

especially Hayes (2005). 

 

II. Computational Cultural Dynamics 

 

Modeling and understanding the formation, 

propagation, and evolution of beliefs is thus 

crucial to improving our understanding of human 

and animal societies.  The growth of multiagent 

systems research (Weiss 1999) has been 

paralleled by a growing realization among 

cultural scientists that the traditional verbal 

models are too imprecise to model belief 

dynamics while mathematical models are too 

rigid and unable to be scaled up (Castelfranchi & 

Kokinov 2005).  As economist Scott Moss 

recently lamented: “in more than half a century 

since the publication of von Neumann & 

Morgenstern (1944), no significant progress has 

been made in the development of models that 

capture the process of interaction among more 

than two or three agents” (Moss 2001).  The 

alternative that Moss and others propose is to 

build bottom-up algorithmic models of socio-

cognitive processes.  The key idea behind the 

agent-based social simulation (ABS) approach is 

to encapsulate each member of a population in a 

software module (called an agent) to build 

bottom-up models of human or animal societies.  

The ABS models focus on interactions between 

agents and, for the most part, abstract away the 

internal cognitive structure of the agents.  

Thomas Schelling, one of the early pioneers of 

the ABS approach, designed 1500 agents that 

lived on a 500 x 500 board (Schelling 1977).  

The agent’s cognitive structure consisted of one 

simple inference rule, namely, if the proportion 

of your different colored neighbors is above a 

tolerance threshold then move, otherwise stay.  

He showed that even populations with high 

tolerance end up living in segregated 

neighborhoods. 

 

The ABS methodology illustrates that it is not 

necessary, or even desirable, to have a complete 
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understanding of a social system before building 

computational models.  Indeed, ABS systems are 

frequently used as theory exploration and 

development tools (similar to the way computer 

models are used as tools by AI and Cognitive 

Modeling researchers) because they allow 

theoreticians to visualize and fully explore the 

consequences of their models and to compare 

competing theories.  In the last few years, there 

has been an explosion in the development of 

ABS systems designed to simulate social systems 

from a variety of domains (e.g., Epstein & 

Axtell, 1996).  Ignoring the complex internal 

cognitive structure not only allows ABS 

designers to design computationally tractable 

simulation systems but it also helps them show 

causal connections between the cognitive rules 

that agents use to make local decisions and social 

patterns that emerge at the population level−the 

highly desired, yet rarely achieved−identification 

of micro-macro links.   

 

Few ABS systems, however, have been built to 

specifically model beliefs dynamics and the 

systems developed to date assumed overly 

simplistic models of individual cognition and 

knowledge representation.  For instance, most 

existing ABS models of social belief change 

model agent-beliefs as a single bit and belief 

change involves flipping the bit from 0 to 1 or 

vice versa often to match the beliefs of the 

neighbors (Bainbridge 1995; Doran 1998; Epstein 

2001).  This severely limits these systems as they 

are unable to model most real world distributed 

systems applications. Complex patterns of shared 

beliefs such as those that characterize people’s 

cultural and religious beliefs are also not likely to 

emerge out of such systems because the ABS 

agents are not even able to represent them.  Thus 

existing ABS systems cannot be used to explore 

or model belief dynamics in human societies. 

 

Traditionally, artificial intelligence and cognitive 

modeling have studied how individuals form and 

modify complex belief structures (Alchourròn, 

Gärdenfors, & Makinson 1985; Allen 1987; 

Bringsjord & Ferrucci 2000) but have, for the 

most part, ignored agent interactions assuming 

single agents living unperturbed in closed 

worlds.  Artificial intelligence research on the 

classical planning problem illustrates this 

approach well (Russell & Norvig 2003).  Given 

the knowledge about current state of world, 

about goals that the agent desires to achieve, and 

the generalized actions that the agent can take in 

the world, the planning problem is to compute an 

ordered sequence of action instances that the 

agent can execute to attain its goals.  The 

classical AI planning research assumes that the 

planning agent is acting alone in the world so 

that the world does not change while the agent is 

figuring out what to do next because if that 

happens, the agent’s plan may not be executable 

any longer.  If the world continues to change the 

agent may never be able to act as it will always 

be computing the plan for the changed situation.  

Abstracting away other actors allows AI 

researchers to eliminate additional sources of 

complexity to focus on complex reasoning 

processes that go on inside the heads of 

individuals and result in the rich knowledge 

structures such as plans.  This has led to the 

development of successful game playing 

programs that work in environments with limited 

or no interaction with other agents.  However, 

this approach is not useful for modeling cultural 

dynamics because these dynamics they are by 

their very nature products of the interaction of a 

large number of agents. 

 

III. Knowledge-rich Agent-based 

Social Simulation Systems (KBS) 

 

Clearly, to simulate belief dynamics in human 

societies, we need to develop knowledge-rich 

agent-based social simulation systems (KBS) 

(Upal & Sun 2006).  Agents in these systems 

must have rich knowledge representation and 

reasoning capabilities and they must be able to 

interact with other agents present in their 

environment.  Such simulation systems must 

overcome computational tractability concerns 
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without abstracting away the agent’s internal 

cognitive structure (as done by ABS systems) or 

ignoring interactions with other agents (as done 

by much of traditional AI & CM work)?   

Furthermore, to be able to tell us something 

about belief dynamics in human societies, agents 

in such systems must model the cognitive 

tendencies that people are known to possess.  We 

believe that people’s ability to communicate, 

comprehend a message, and integrate the newly 

received information into their existing 

knowledge is crucial to understanding the 

formation, propagation, and evolution of cultural 

beliefs.  We have designed a knowledge-rich 

multiagent society, called CCI
1
, to model these 

processes.   

 

The challenge for any multiagent social 

simulation architecture, including CCI, is that of 

overcoming the computational intractability 

problems to create an implementation that can be 

run in real time.  Drawing inspiration from early 

artificial intelligence work that progressed by 

designing synthetic “toy-domains” such as the 

Blocksworld (Gupta & Nau 1992), we argue that 

synthetic computer-games-like environments that 

are rich enough to exercise the enhanced 

knowledge representation and reasoning 

capabilities of KBS agents yet they are not so 

complex to make the simulation intractable and 

the results impossible to analyze and understand 

are needed to make progress in study and 

modeling of cultural dynamics. 

 

IV. Communicating, Comprehending, & 

Integrating (CCI) Agents 

 

The CCI agents are goal directed and plan 

sequences of actions to achieve their goals.  

Agents attempt to build accurate models of their 

environment by acquiring information about 

cause-effect relationships among various 

environmental stimuli.  At each instant, agents 

sense their environment and decide the best 

action to take in a given situation.  The possible 

                                                
1
 Communicate, Comprehend, and Integrate 

actions an agent can undertake include 

comprehension actions, speech actions, and 

movement actions. 

The CCI agents are comprehension driven.  They 

attempt to explain their observations using their 

existing knowledge and their causal reasoning 

engine.  On observing an effect OE, an agent 

searches for a cause C that could have produced 

that effect.  If multiple causes are available then 

the agent may have to reason to eliminate some 

of the possible causes to select the most likely 

cause for the current observations.  The assumed 

cause AC allows the agent to make some further 

predictions about the unobserved effects of the 

assumed cause.  The assumed effects (AEs) 

deduced from ACs are added to the agent’s world 

model which helps the agent form expectations 

about aspects of the world that the agent has not 

observed yet.  Agent may also be able to observe 

causes.  The observed causes (OCs) allow the 

agent to predict the effects (PEs) of those causes.   

 

Agents also sense actions performed by other 

agents that are in the vicinity of the observing 

agent and attempt to comprehend those actions.  

Other agents are assumed to be intentional agents 

and hence causes of their actions are those 

agent’s intentions.  The CCI agents ignore the 

information received from others if they cannot 

find any justification for it.  Inferring these 

intentions allows the observing agent to make 

predictions about the future behavior of the 

agent.  

 

An agent A may decide to send a message M to 

an agent B that happens to be within listening 

distance if it believes that sending B the message 

M will result in changing B’s mental state to 

cause it to perform an action C which can help A 

achieve some of its goals.   

 

At every instant, agents consult their knowledge-

base to form expectations about the future.  If 

these expectations are violated, they attempt to 

explain the reasons for these violations and if 
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they can find those explanations, they revise their 

world model.  

 

V. Ecological Psychology 

 

The concepts of agent-based simulation and CCI 

agents have their origin in computer science but 

clearly use a somewhat psychological language. 

This is not an accident or mere metaphor, but 

rather is intended to provide tools for 

psychological research. Caution must be taken 

with psychological words since within the field 

of psychology, there are many traditions and 

each has its own idiosyncratic lexicon and 

meanings even when the words are the same.   

 

One tradition in modern psychology which might 

mesh nicely with agent-based simulation and 

CCI agents is the “ecological approach” to 

perception and action advocated by J.J. Gibson 

(1979). We are exploring parallels and dualities 

between the two approaches. For example, in the 

ecological approach, organisms are not passive 

receivers of information but rather active seekers. 

Organisms do not simply perceive in order to act 

but also act in order to perceive. Perception and 

action are not seen as a one-way flow from 

stimulus to receptor to sensation to perception to 

cognition and finally to action. There is much 

attendant baggage, conundrums, and obstacles 

with such an approach. Rather, perception and 

action are intimately related in a perception-

action cycle. 

 

Another key concept of the ecological approach 

is that of an “affordance.” “The affordances of 

the environment are what it offers the animal, 

what it provides or furnishes, either for good or 

ill (Gibson, 1979, p. 127).” Affordances arise out 

of a mutual relationship between an animal and 

its environment. The relationship aspect is 

underscored by considering that what is 

nutritious for one animal might be poisonous to 

another. Affordances let us address what is 

important for an animal or person. They let us 

focus on what is needed to survive and to go 

beyond just survival to actions which result in 

the exploitation of the physical and social 

environment. This exploitation can be positive as 

well as negative and can lead to mastery and 

thriving as well as to ruin, that is, to life in a real 

and dynamic world. 

 

In short, affordances capture the animal-specific 

meanings and values of the environment and 

capture them in a way that demystifies them and 

makes them tractable. It is here that the domains 

of agent-based simulation, CCI agents, and a 

meaningful, purpose-oriented psychology might 

intersect and interact. A significant advantage 

afforded agent-based modeling and 

computational cultural dynamics is that the 

concepts of the ecological approach to 

psychology promise to permit computational 

approaches that are rich, tractable, and relevant 

to real-world psychological events. A small 

microcosm can make this clearer: 

 

VI. A CCI Society 

 

We have designed the first version of a CCI 

society by embedding it into an AI domain called 

the Multiagent Wumpus World (MWW) (Russell 

& Norvig 2003).   Multiagent Wumpus World, 

shown in Figure 1, is an extension of Russell and 

Norvig’s single agent Wumpus World and is 

inspired by the well known minesweeper game 

where an agent’s objective is to navigate a 

minefield while looking for rewards. 
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Figure 1: A 10 x 10 version of the Multiagent Wumpus 
World (MWW) domain.  This version has 10 agents, 

10 Wumpuses, and 10 Treasures. 

A. Multiagent Wumpus World (MWW) 

MWW has the same basic configuration as the 

single agent Wumpus World (WW). MWW is an 

N x N board game with a number of wumpuses 

and treasures that are randomly placed in various 

cells.  Wumpuses emit stench and treasures 

glitter.  Stench and glitter can be sensed in the 

horizontal and vertical neighbors of the cell 

containing a wumpus or a treasure. Similar to the 

single agent WW, once the world is created, its 

configuration remains unchanged i.e., the 

wumpuses and treasures remain where they are 

throughout the duration of the game.  Unlike the 

single agent version, MWW is inhabited by a 

number of agents randomly placed in various 

cells at the start of the simulation.  An agent dies 

if it visits a cell containing a wumpus.  When that 

happens, a new agent is created and placed at a 

randomly selection location on the board. 

The MWW agents have a causal model of their 

environment.  They know that stench is caused 

by the presence of a wumpus in a neighboring 

cell while glitter is caused by the presence of 

treasure in a neighboring cell.  Agents sense their 

environment and explain each stimulus they 

observe.  While causes (such as wumpuses and 

treasures) explain themselves, effects (such as 

stench and glitter) do not.  The occurrence of 

effects can only be explained by the occurrence 

of causes that could have produced the observed 

effects e.g., glitter can be explained by the 

presence of a treasure in a neighboring cell while 

stench can be explained by the presence of a 

wumpus in a neighboring cell.  An observed 

effect, however, could have been caused by 

many unobserved causes e.g., the stench in cell 

(2, 2) observed in Figure 2 could be explained by 

the presence of a wumpus in any of the four 

cells: 

• (1, 2) 

• (3, 2) 

• (2, 1) 

• (2, 3) 

Figure 2: A part of the MWW. 

An agent may have reasons to eliminate some 

of these explanations or to prefer some of them 

over the others.  The MWW agents use their 

existing knowledge to select the best explanation.  

Agent’s knowledge base contains both the game 

rules as well as their world model.  A world 

model contains agent’s observations and past 

explanations.  The observations record 

information (stench, glitter, treasure, wumpus, or 

nothing) the agent observed in each cell visited 

in the past.  The MWW agents use their past 

observations and game knowledge to eliminate 

some possible explanations e.g., if an agent 

sensing stench in cell (2, 2) has visited the cell 

(1, 3) in the past and did not find sense any 

glitter there, then it can eliminate “wumpus at (2, 
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3)” as a possible explanation because if there 

were a wumpus at (2, 3) there would be stench in 

cell (1, 3).  Lack of stench at (1, 3) means that 

there cannot be a wumpus at (2, 3).  Agents use 

their knowledge base to form expectations about 

the cells that they have not visited e.g., if the 

agent adopts the explanation that there is a 

wumpus in cell (2, 1) then it can form the 

expectation that there will be stench in cells (1, 

1) and (3, 1). 

In each simulation round, an agent has to decide 

whether to take an action or to stay motionless.  

Possible actions include: 

• the action to move to the vertically or 

horizontally adjacent neighboring cell 

• the action to send a message to another 

agent present in the same cell as the 

agent, and 

• the action to process a message that the 

agent has received from another agent. 

The MWW agents are goal directed agents that 

aim to visit all treasure cells on the board while 

avoiding wumpuses.  Agents create a plan to visit 

all treasure cells they know about.  The plan 

must not include any cells that contain wumpuses 

in them.   

 

If an agent lacks confidence in the knowledge 

that it currently has about a critical cell then that 

agent may decide to ask another agent in its 

vicinity for information about the cell.  When an 

agent detects another agent in its vicinity, it ranks 

all the cells by how confident it is of its 

knowledge about a cell.  It has the highest 

confidence in the cells that it has already visited.  

Next are the cells whose neighbors the agent has 

visited and so on.  Agents also rank cells by how 

critical it is to find out information about that 

cell.  The order in which the cells are to be 

visited determines the criticality e.g., if a cell is 

the next to be visited then finding information 

about that cell is assigned the highest priority 

while a cell that is not planned to be visited for 

another 10 rounds gets low priority.  The agents 

then use an information seeking function that 

takes the two rankings (confidence and 

criticality) as inputs and decides what cell (if 

any) to seek information about.   

Once the first agent has sent the request for 

information, the second agent may also request 

information about a cell from the first agent in 

turn.  A negotiation between the two agent then 

ensues and communication takes place only if the 

both agents find the communication beneficial.  

This way information about MWW can be 

transmitted throughout the population and after 

some time t, the agents may come to have some 

shared beliefs.  We believe that studying the 

emergent patterns of shared beliefs can get us 

closer to the aim of developing computational 

predictive models of human cultural dynamics. 

 

VII. Experiments, Results & Discussion 

 

Our experimental methodology involves 

designing progressively richer versions of MWW 

and studying the impact of each local change to 

see how changes in agent’s internal cognitive 

structure result in changes in the patterns of 

shared beliefs.  Previously, we (Upal 2006; Upal 

2007; Upal & Sama 2007) have reported results 

of a number of experiments.  Upal (2006) 

reported that the version of a 10 × 10 MWW 

with 10-agents was most challenging for CCI 

agents when it contained 10 randomly distributed 

wumpuses and treasures compared with MWWs 

containing 5 or 20 wumpuses and treasures.  This 

is the version we used in the subsequent 

experiments.  Upal (2007) found that even 

without any communication, false beliefs 

generated in such a society have a particular 

structure to them; they are more likely to be 

about objects and events whose presence is 

harder to confirm or disconfirm.  Upal & Sama 

(2007) reported that that communication does not 

eliminate or even decrease the prevalence of such 

false beliefs.  There is some evidence to suggest 

that in human societies, people are also more 

likely to have false beliefs about unconfirmable 

entities and events.  Bainbridge and Stark (1987) 
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made confirmability the core of their theory of 

religion to argue that religious beliefs are 

unconfirmable algorithms to achieve rewards that 

are highly desired by people yet cannot be 

obtained.  Similarly, there is some evidence to 

suggest that many false ethnic stereotypes people 

have are about things that are harder to confirm 

or disconfirm such as the sexual practices of the 

neighboring tribes (Smith 2006). 

 

While, our previous work has focused on 

similarities between agent’s beliefs, this paper 

focuses on differences that automatically emerge 

among the MWW agents.  We used a 10 × 10 

world with 10 agents, wumpuses, and treasures 

and ran the world to 300 rounds. 

 

Our results show that the MWW agents do not all 

equally engage in communication.  Figure 3 

shows that as expected agents that live longer 

engage in more communication.   
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Figure 3: The number of communication acts (both 
requests-for-information and answers to such 
requests) agents engage in plotted against agent age. 

However, there is no linear relationship between 

agent age and the number of communication 

patterns.  This is because random spatial patterns 

(i.e., an agent that happens to be born in or 

happen to have traveled on routes that happened 

to be frequented by other agents) also determine 

the number of communication opportunities that 

agents get.  Figure 4 shows that the distribution 

of agent communications follows Pareto’s 

Principle in that around 80% of all 

communication is carried out by around 20% of 

the agents.  This is yet another instance of the 

“vital few and trivial many” principle that 

indicates that a few agents are responsible for a 

vast majority of the social impact.  This principle 

appears to work in a variety of social domains 

e.g., 80% of profits are created by 20% of all 

employees, 80% of help calls are by 20% of all 

customers, and 80% of the profits are due to the 

work of 20% of all employees (Barabasi 2003).   
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Figure 4: A majority of agents communicate only once 
or never communicate while a very small number of 
agents communicate 10 times or more. 

 

The emergence of the 80/20 principle for agent 

communications in the wumpus world has a 

number of implications.  This means that a small 

number of agents may get many more 

opportunities to spread their message than the 

vast majority of agents and they may come to 

disproportionately influence the beliefs of the 

MWW population.  True as well as false beliefs 

of such agents are more likely to be spread than 

true and false beliefs of other agents.  These 

influentials have been well studied in business 

and information diffusion circles to study how to 

design strategies to diffuse a message to a 

population (Gabriel 1994). 
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VIII. Conclusions 

 

This paper has argued the need for a knowledge-

rich agent-based social simulation methodology 

to understand the cultural dynamics of natural 

and artificial societies.  Such societies can be 

simulated in real time by designing synthetic toy 

world such as the multiagent wumpus world.  

Our initial results are encouraging in that they 

show us that various aspects of natural societies 

emerge in through such simulations. 

 

We are currently working to enhance the 

capabilities of our CCI agents to allow them to 

model other agents present in their environment.  

We are also enhancing the MWW domain by 

designing different types of agents.  This will 

allow us to test sociocognitive theories involving 

differences among people such as differences in 

wealth, social status, communicating ability, and 

social influence.  We will present the results of 

our latest simulations at the conference. 
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