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Abstract. Agent-based modeling and simulation (ABMS) has gained wide attention over the past few years. ABMS is a po-
werful simulation modeling technique that has a number of applications, including applications to real-world business prob-
lems [1]. This modeling technique has been used by scientists to analyze complex system-level behavior by simulating the
system from the bottom up. The major application of ABMS includes social, political, biology, and economic sciences. This
paper provides an overview of ABMS applications with the emphasis on modeling human socio-cultural behavior (HSCB).
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1. Introduction

Agent-based modeling and simulation (ABMS) is
also called Agent-based modeling (ABM) or Agent-
based simulation (ABS). ABMS has gained increas-
ing attention over the past 10 years [2]. Many re-
search papers focus on ABMS applications in the
areas of crowd flow simulation, and organizational
behavior. The behaviors in an ABMS support an
agent-level to system-level behaviors. Scientists use
ABMS to analyze complex systems by simulating
systems from the bottom up. The goal of this paper is
to provide an overview of ABMS applications with
the emphasis on modeling human socio-cultural be-
havior (HSCB).

2. ABMS and its applications
2.1. ABMS Concept and its Benefits
ABMS is a computer technique to simulate com-

plex systems whose components are agents. General-
ly speaking, an ABMS is a hybrid discrete-
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continuous simulation model with proactive, auto-
nomous, and intelligent entities. The pro-activeness
refers to the ability of taking initiative. Agents can
initiate actions, communicate with other agents, and
make decisions on their own [3]. With the increasing-
ly complex world we live in, there exists a need to
analyze and understand the world and system better
than before. This means that the ABMS paradigm
can represent large systems consisting of many sub-
system interactions. Although computer simulation
as an analytical tool has been around since the advent
of computers, the ability of the ABMS paradigm to
simulate the complex systems has moved it into a
breadth of fields ranging from engineering to mathe-
matics to social science and to economics [4]. By
sufficiently understanding ABMS, scientists would
have a better understanding of the dynamics of the
process and how systems components behavior
changes over time. During the recent years, research-
ers combine ABMS with neural networks, evolutio-
nary algorithms and other learning techniques to pro-
vide better solutions for complex systems.
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2.2. Understand an Agent

There is no universal agreement on the precise de-
finition of the term “agent” in the context of ABMS.
According to Macal and North [2], agents have cer-
tain characteristics. An agent has its own attributes,
rules of behaviors, memory, and decision making
ability and is able to adapt its behavior into environ-
ment. Figure 1 shows the agent characteristics by
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Fig 1: Agent characteristics (UML interface)

An agent also has the following characteristics[2]:

An agent is identifiable.
An agent is situated, living in an environ-
ment with which it interacts along with oth-
er agents.

e An agent may be goal-directed, having goals
to achieve with respect to its behaviors.

e An agent is autonomous and self-directed.

e An agent is flexible, having an ability to
learn and adapt its behaviors based on expe-
rience.

The fundamental feature of an agent is the capability
of the component to make independent decisions.
This requires agents to be active rather than purely
passive.

2.3. ABMS Applications

Currently, ABMS has been used in different field
of study such as economics, social science, military,
biology and public policy. In the paper of Heath et al.
[4] they show ABMS being used by fields whose
systems involve many interacting autonomous enti-
ties. This supports the fundamental belief that ABMS

is good at modeling and analyzing interacting entities.

Barabasi [5] listed examples of emergent phenomena
in the social, political and economic sciences. The
situation of interest where emergent phenomena is
classified into four areas:

1.Flows: evacuation, traffic, and customer flow
management.

2. Markets: stock market and software agents, and
strategic simulation.

3.Organizations: operational risk and organiza-
tional design.

4. Diffusion: social context, business applications.

During the recent years, scientists have used ABMS
to simulate Human behaviors because the ability of
the ABMS paradigm to simulate the complex sys-
tems.

2.4. Top used Software for ABMS

Among others, the following are the most com-
monly used software platforms for ABMS: Anylogic,
MATLAB, Swarm, Repast and NetLogo. Among
these software, only Anylogic and Matlab are com-
mercial packages.

Swarm was the first ABMS software development
environment launched in 1994 at the Santa Fe insti-
tute. Following the original Swarm innovation, Re-
past (Recursive Porous Agent Simulation Toolkit)
illustrates the state-of-the-art in agent-based model-
ing toolkit [6]. Repast has been used extensively in
social simulation applications.

2.4.1. NetLogo® for Simulating ABMS

NetLogo" [7] is a good example of the ABMS tool.
NetLogo® is a multi-agent programming and model-
ing environment based on JAVA platform. It is a
powerful tool in many fields of research and educa-
tion. It is especially well suited for modeling large
collections of interacting of independent agents de-
veloping over time, so it is a promising solution for
simulating and analyzing complex problems. NetLo-
go” is convenient platform for the analysis of any
complex system developing over time as the pro-
grammer can give instructions to thousands of agents
all operating concurrently [8]. It is widely used by
new programmers who do not have a lot of expe-
rience in creating complex programs.
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Figure 2 shows an example of NetLogo® modeling
different personalities between Altruism and Selfish-
ness.
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Fig 2: Screenshot of simulating Social Science using NetLogo®

NetLogo® also has a plenty of sources from its li-
brary including of Art, Biology, Chemistry & Physics,
Computer Science, Earth Science, Games, Mathe-
matics, Network, Social Science and System Dynam-
ics. This function made it very useful for different
fields of studies. Researchers can use NetLogo to do
programming according to their different goals.

3. ABMS and HSCB
3.1. ABMS in Social Behavior Research

Social behavior research is one component of the
HSCB. Scientists cannot get a better understanding
of HSCB without a good basis in social behavior.
Social science is not only primarily concerned with
the behavior of isolated individuals but also con-
cerned with the behavior of interactions among indi-
viduals [9]. Social scientists have been exploring the
factors that contribute to the human social behavior
over a period of time and where it has lead them in
this field for employing ABMS to investigate this
social phenomena. Social scientists found that ABMS
is well suited for the social behavior because the sys-
tems is composed of interacting agents and exhibits
emergent properties. In order to understand a politi-

cal or economic system, scientists need to better un-
derstand how the individuals interact with each other,
and how the results can be more than the sum of the
parts. Human social interactions are complex which
should consider social and psychological interactions.

In applications of ABMS to social behavior,
agents represent people or groups of people, and
agent relationships represent processes of social inte-
raction [10]. Since agents can perceive and respond
according to their environment and take the initiative
to achieve their goals, ABMS was used by scientists
to simulate their social behavior. For example, Mar-
sell et al. [11] introduced PsychSim which allows
scientists to explore multiple tactics for dealing with
a social issue and potential consequences.

Schelling [12] is credited with developing the first
social agent-based simulation in which agents
represent people and agent interactions represent a
socially relevant process back to 1978.

Sociologists are using agent-based modeling to
modeling social life as interactions among adaptive
agents who influence one another in response to the
influences they receive. Cognitive scientists are de-
veloping agent-based models of emotion, cognition,
and social behavior based on the notion that a per-
son’s emotional state impacts their behaviors as well
as their social interactions. Computational social
science is becoming a subfield in the social sciences
area [13].

In general, ABMS can be applied to social processing
concepts and tools from social science and computer
science. It represents a methodological approach that
could ultimately permit two important developments:
(1) testing or refining of existing theories that have
proved to be difficult to formulate and evaluate using
standard statistical and mathematical tools; and (2) a
deeper understanding of the fundamental causal me-
chanisms in multi-agent. This leads to an overall bet-
ter understanding and foundation in social behavior
for HSCB.

3.2. ABMS and HSCB

In 2008 the U.S. Department of Defense (DoD)
established a new Research and Development (R&D)
program to develop a science base and associated
technologies for modeling human, social and cultural
behavior. The goal of HSCB modeling Program is to
enable DoD and the US Government to understand
and effectively operate in the human terrain during
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non-conventional warfare and other missions [14].
Since then, many scientists pay more attention to the
HSCB and try to develop a methodology to better
access and predict variability by applying different
techniques to aid in studying the HSCB in military
operations.

Modeling population-centric  activities requires
serious use of social science [15]. HSCB models are
designed to help wunderstand the structure,
interconnections, dependencies, behavior, and trends
associated with any collection of individuals. The
HSCB modeling effort seeks to create models for
social behavior from the small unit level, such as
tribes, militias, small military units, terrorist cells,
etc., to the macro level of nations, religions, cultures,
ethnic groups and international organizations [16].

ABMS can be used to model HSCB and its benefits
and applications are becoming very important to
HSCB research area. By constructing such a model,
social scientists aim to develop conclusions that
provide insight into the human behavior of real world
entities or phenomena. In addition, the models also
provide a predicted behavior under certain
circumstance [17]. For example, studies of
insurgency warfare in U.S. military application,
particularly the Army, seek to develop a
methodology to better access and predict behaviors in
human social cultural.

Past events that happened in Somalia, Iraq, and
Afghanistan have made the military re-assess the 21*
century insurgency and revisit its strategy,
operational concepts, organization and doctrine. Cul-
tural, social and religious norms are strong drivers of
behavior and they tend to be more persistent [18].
The U.S. military now focuses on understanding
what a cultural, ethnic or religious group values and
how to deal with property and leadership, with crime
and redress, and which will provide a necessary
foundation for working effectively with the popula-
tion and their leadership.

However, there are still a lot of unknowns about the
HSCB and the limitation of a model which will prob-
ably never be good at making exact predictions of
what will happen. They can, however, be expected to
provide information on the probabilities of various
things happening. How to make an accurate model to
simulate HSCB is very critical for scientists, which is
also their goals to be achieved in the current society.

3.3. Big Five Personality traits in HSCB

The Five personality models were introduced by
personality psychologists since early in the 1960s.
Psychologists agree that personalities can cause dif-
ferent behavior and response. The “Big Five perso-
nality” traits include Neuroticism, Extraversion,
Openness, Agreeableness, and Conscientiousness
[19]. McCrace & Costa [20] used different instru-
ments to measure different personality and obtained
results that correlated highly with the five trait scores
of the Neuroticism, Extraversion, Openness Personal-
ity Inventory (NEO-PI) based on a six-year longitu-
dinal study of trait-stability. This was later revised as
the NEO Personality Inventory (NEO PI-R). Re-
searchers have started to study personality traits in
Human Social Cultural Behavior models during the
recent years. For example, West [21] used the Big
Five personality traits in Military applications.

Personality traits are related with job performance
and training performance. Linking the Big Five per-
sonality Model with HSCB allows us to generate
more accurate models for understanding human be-
haviors better.

3.4. ABMS issues in HSCB

ABMS has disadvantages like any other simula-
tion techniques. The major current issue using
ABMS to simulate HSCB is complex psychology and
subjective choices making it difficult to quantify,
calibrate, and calculate. HSCB researchers must be
very careful of making decision on the basis of the
quantitative outcome of a simulation that should be
unbiased interpreted at the qualitative level. As men-
tioned before, ABMS can be developed and improve
over time, but the complexities of social behavior and
the current state of the related modeling art suggest
that it is a really difficult process and it will take
years for scientists to develop the whole methodolo-
gy well. The challenge with HSCB research is to
bring existing domains together, such as social beha-
vior; cross-cultural behavior; personality traits etc.,
rather than create a new domain from scratch.

4. Conclusion

The new domain of HSCB modeling is gaining
more and more interest within the M&S community.
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Various approaches were used to simulate in HSCB
and ABMS is one of these simulation tools. Although
Agent-based Modeling has been developed for more
than 10 years, its study in the field of the HSCB is
very limited. There is not a single accurate model to
combine the HSCB and ABMS together. Therefore,
how to use ABMS to understand Human Social Cul-
tural Behavior is a topic being discussed by scientists
and researchers, ABMS has shown its advantages in
this field. However, research indicates that HSCB
modeling is a difficult process, ABMS is currently
increasingly being used in the HSCB models.

5. Future works

Future work will concentrate on using ABMS such as
NetLogo® to provide a platform and design a system
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