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Abstract— An agent-based simulation model is developed to model the organizational behavior of a firefighting team. Our research 
interest focuses on the relationship between the distribution of authority in the firefighting team and its team performance. There 
are two types of authority distribution factors: self-managing factor and supervisorcentered factor. We found that a high team 
performance can be obtained when the self-managing factor is in the state of self-managing and the supervisor-centered factor is in 
the state of supervisor-centered. We also found that the selfmanaging factor has a major impact on the team performance. 
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I. INTRODUCTION 
 
 For many years, simulation has been successfully 
implemented in many industry processes, such as 
manufacturing and distribution. Such simulationbased 
approaches have many advantages: (1) understand the 
entire process via graphics or animation; (2) compare 
various alternatives without interrupting the real system; 
(3) compress time so that timely policy decisions can be 
made; (4) capture system dynamics by using probability 
distribution for unexpected events; (5) dramatically 
minimize the risk of changes in planning process by 
testing alternatives before implementing the changes [1]. 
 In recent years, many researchers have shifted their 
research interests into an agent-based simulation realm. 
According to [2], there are several key application areas 
of agent-based techniques (Figure 1). The methodology of 
agent-based simulation is based on a multi-agent system, 
which is a cluster of individual intelligent agents 
interacting with each other to solve a complex, system-
wide problem. A major reason that leads to this shift is 
that there are many interacting factors with their own 
functions and features which affect the process we 
simulated. Understanding how these factors influence the 
process is very critical. However, it is difficult to study 
the influence of various factors by using a regular 
simulation approach. Agent-based simulation provides the 
knowledge to support concurrent and distributed decision 
making, which is in effect simulating the individual 
components and the behavior that emerges through their 
interactions.  
 In this paper, we apply an agent-based simulation 
approach to study the organizational behavior of a 
firefighting and rescue artificial team (FRAT). The 
objective is to verify the relationship between the 

distribution of authority in FRAT and its team 
performance. 
 
 

 
 
Figure 1. Key application areas of agent-based simulation 
 
 The remainder of this paper is structured as follows. 
In the next chapter, we present a brief literature review of 
the agent-based simulation approach and the relationship 
between the distribution of authority and team 
performance. In Chapter 3, an agent-based simulation 
model is developed for a FRAT in order to study how 
authority distribution is related to team performance. An 
experimental design is also provided in this chapter. In 
Chapter 4, we analyze the computational results of the 
experimental design. We conclude this research and point 
out future directions in Chapter 5. 
 

II. LITERATURE REVIEW 
 
A. Intelligent Agent-based Simulation Methodology 
and Multi-agent Systems 
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 There are many definitions of agents in the previous 
literature. We present several classic definitions of other 
researchers: 
-  An agent is an encapsulated computer system in some 
environment and has the ability to execute flexible and 
autonomous actions in its environment to obtain its design 
objectives [3]. 
- An agent is a system situated within and part of an 
environment that senses that environment and acts on it, 
over time, in pursuit of its own agenda and so as to effect 
what it senses in the future [4]. 
- An agent is an autonomous, goal-oriented software 
process that operates asynchronously, communicating and 
coordinating with other agents as needed [5]. 
- An agent is a computer system that is either 
conceptualized or implemented using natural phenomena 
[6]. 
 Typically, an agent has one or more of the following 
abilities: the ability to communicate with other software 
agents, the ability to learn from experience and adapt to 
changes in the environment, the ability to make plans and 
the ability to negotiate with other agents. Reference [7] 
summarizes some attributes of an agent: autonomy, 
communication ability or sociability, capacity for 
cooperation, capacity for reasoning, adaptive behavior 
and trustworthiness. 
 A multi-agent system (MAS) is a community of 
autonomous, intelligent and goal-oriented units that 
efficiently cooperate and coordinate their decisions with 
other agents to reach a higher level goal [2]. Garcia-Flores 
et al. point out that the MAS should be adaptable to 
different business processes and allow easy integration of 
individual components into the system [8]. According to 
[9], an MAS is a group of agents that cooperate with each 
other to fulfill common and individual goals; also agents 
may compete in some environments. There are four main 
components in an MAS: agent, environment, activity and 
relationship. An MAS includes cooperation, synergy, 
negotiation, and competition between agents [10]. 
 Agents are autonomous in nature, which means that 
they could be either cooperatively working towards a 
common goal or selfishly acting towards achieving their 
own goals. Each agent has limited capabilities or 
incomplete information to solve the problem. Agents have 
their own models or algorithms to make their decisions, 
and parameters or indicators to express their status. They 
perform better than the isolated individual agents due to 
the cooperation and distribution of tasks between agents 
in the system. In an MAS, there are communication 
languages, interaction protocols and agent architectures to 
facilitate the entire system. An MAS supports more 
flexible and comprehensive modeling capabilities, and is 
able to follow the strong evolution ability of the supply 
chain by adding or removing agents without the need to 
completely reconstruct the  entire supply chain. In other 
words, such a system is adaptive to changes within the 

environment in a distributed fashion without necessarily 
affecting the entire system. 
 There are four main benefits when using agentbased 
methodology: feasibility, robustness and flexibility, 
reconfigurability and redeployability, as well as several 
drawbacks including cost, guarantees on operational 
performance, scalability, commercial platforms, 
engineering education, design methodologies, standards, 
agent system performance and misapplication [2]. 
 In recent years, MAS has been a preferred approach 
to solve many complex problems, since these problems 
are autonomous, distributive, complex, heterogeneous, 
and decentralized in nature and require extensive 
intelligent decision making. The applications of MAS 
vary from the lowest level of machine control to the 
management of a distributed enterprise [2]. An MAS 
focused on systems in which various intelligent agents 
interact with each other could solve more complex 
problems than systems involving a single agent. 
 However, although agent-based simulation has been 
successfully applied in many research areas, limitations 
still exist. An important limitation is that most 
applications of this novel simulation methodology are for 
industry processes or physical systems, not for human 
organizational behavior. The area of organizational 
behavior needs to be explored. This is one of the most 
important reasons why we conduct this research. 
 
B. The Relationship between the Distribution of 
Authority and Team Performance 
 
 Reference [11] points out that team design, team 
context and team process are three factors that affect the 
team performance. For the team design factor, it can be 
divided by three parts: team composition, task design and 
team structure. Many researchers state that team structure 
has a major impact on team performance [12]-[14]. There 
are three variables of team structure, which are 
distribution of authority, team size and structural 
interdependence. Figure 2 shows clearly that these three 
variables (distribution of authority, team size and 
structural interdependence) determine how a team 
performs. In other words, these three variables determine 
if the team performance is high or low in practice. In this 
paper, we focus our study on the relationship between the 
distribution of authority and team performance. 
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Figure 2. A hierarchy chart of team performance 

 
 Current study about the relationship between the 
distribution of authority and team performance 
concentrates on the degree of self-management. Reference 
[15] points out that a self-managing team is one of the 
most common types of teams in various organizations, 
which is important to improve the team performance. In 
most instances, self-managing teams are assigned an 
integrated task and then are given the authority of making 
decisions on how to accomplish the task. Therefore, every 
single team member will take the responsibility of task 
allocation, as well as setting objectives, determining 
procedures, solving problems and so on. As a result, 
selfmanaging teams can reduce the time to finish a task 
and improve the efficiency to make a decision. Hence, 
self-managing teams have a positive impact on the team 
performance. 
 In practice, it is not precise to distinguish between a 
self-managing team and a nonself-managing team. 
Instead, we measure teams by the degree of 
selfmanagement. Reference [16] compare self-managing 
teams and supervisor-centered teams. In selfmanaging 
teams, the functions of a supervisor are taken over by the 
team as a whole. In contrast, the team leader/supervisor is 
central to decision making in supervisor-centered teams. 
However, just because the team is self-managing does not 
necessarily imply that the team does not have a leader 
[17]. 
 When we consider team design, the degree of self-
management is manipulated by the configuration of 
authority factors. Although many researchers believe that 
the degree of self-management makes a large contribution 
to obtaining high team performance, they seldom go into 
details of how to define and adjust the degree of self-
management. This motivated us to study how the degree 
of selfmanagement affects team performance. Because 
each team is a complex system with many autonomous 
and goal-oriented individuals, we propose an agentbased 
approach to simulate such organizational behavior. 
 
III. AN AGENT-BASED SIMULATION MODEL FOR 

FRAT 
 
 We model the team performance of a firefighting 
team using an agent-based simulation approach. The 
objective is to study the relationship between the 

distribution of authority in the FRAT and its team 
performance. Specifically, we focus our study on how to 
define the factors of self-management and adjust the 
degrees of these factors, by which different team 
performance can be obtained. 
 
A. Defining Agents and A Multi-agent System 
 
 In the agent-based FRAT simulation model, there are 
two types of agents: firefighters and residents. We model 
a hypothetical community with residence buildings, roads 
and one fire station to serve this community. There are 
three types of firefighters (Table 1) and there are five 
types of residents (Table 2). We model such a FRAT 
using NetLogo 4.0.2. 
 

TABLE I. TYPES OF THE FIREFIGHTERS 

 
 

TABLE II. TYPES OF THE RESIDENTS 

 
 

 There are two emergency exits in each building, 
where the residents can escape from a fire. Normally, the 
residence buildings are green in color. When they are on 
fire, the buildings change to brown. The larger a fire is, 
the darker that building is. 
 When there is a fire in one building, the residents 
living in that building either have the ability to perceive 
the fire or are informed by others of the existence of the 
fire. After that, the residents will call 911, escape from the 
building or tell other residents. If people cannot escape 
from the building, they may become wounded and their 
movement will become slow and their color will get 
darker. 
 Each resident is defined by the quality to survive. If 
he/she is wounded in a fire, the quality to survive is 
decreased. When his/her quality to survive falls into a 
predetermined value, he/she cannot move anymore and 
will wait for rescue. When the quality to survive becomes 
zero, he/she dies. 
 The FRAT contains firefighting trucks, team leaders 
and firefighters. Firefighters are directed by team leaders 
on how to rescue people, put out fires and so on. The 
color of the firefighters changes according to their current 
jobs. 
 
B. Experimental Design 
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 We define three types of self-management factors, 
which are rescue factor X1, fire control factor X2 and fire 
put out factor X3. Each factor has one switch and one 
slider in the NetLogo developing environment. When the 
switch is off, its related factor is managed by the 
firefighters and Xi =0 (i=1, and team leaders manage the 
related factors. In such circumstance, Xi=t (i=1, 2, 3, t=1, 
2, 3, 4, 5), t is the ability of their decision-making. For 
example, Xi =2 means that the team leader only has the 
ability to assign two firefighters to rescue two residents. If 
at that time there are more than two residents that need to 
be rescued, others need to wait until the next rescue. 
 We set a constraint on the ability of decision making 
of a team leader, which is X1+X2+X3≤5 . The total 
number of Xi value is six, that is Xi=0, 1, 2, 3, 4 and 5. 
After adding such constraint, the combination of X1, X2 
and X3 is 56. Then we define three types of teams based 
on different combinations of self-management factors. 
They are self-managing, supervisor-centered and hybrid 
teams. We can compare their characteristics in Table 3. 

 
TABLE III. THE CHARACTERISTICS OF DIFFERENT TEAMS 

 
 

 Besides the combinations of the self-management 
factors, we also consider nine different sizes (4 to 12) of 
the FRAT, which makes the total combinations in this 
experimental design 504. Accordingly, there will be 504 
different values of the team performance. The FRAT 
performance can be measured from many perspectives, 
such as efficiency and loss. In our research, we measure 
the team performance in terms of a loss value. This 
implies that the smaller the loss is, the better FRAT 
performs. 
 

IV. COMPUTATIONAL RESULTS 
 
A. The Relationship between the Degree of 
Selfmanagement and Team Performance 
 
 In Table 4, Ploss is the average loss performance of 
all circumstances under each team type (selfmanaging, 
supervisor-centered and hybrid). The degree of self-
management in a self-managing team is the highest 
among these three types of teams and the degree of self-
management in a supervisorcentered team is the lowest. 
This table clearly shows that the higher the degree of self-
management is, the better the team performance is (recall 
that the team performance is measured by loss 
performance, good team performance means low loss 
performance). 
 

TABLE IV. LOSS TEAM PERFORMANCE OF THREE TYPES OF 
TEAMS 

 
 
B. The Relationship between the Individual 
Selfmanagement Factor and Team Performance 
 
 We study each individual self-management factor 
from two perspectives: (1) for a particular 
selfmanagement factor, if self-managing or 
supervisorcentered condition leads to a better team 
performance; (2) if a self-management factor is under 
self-managing condition, how the ability of its decision-
making affects the team performance. 
 Table 5 shows that when X1 is under 
supervisorcentered condition, the team has a better 
performance. Similarly, when X2 is under supervisor-
centered condition, team performs better. However, when 
X3 is under self-managing condition, FRAT has a higher 
performance than when X3 is supervisor-centered. Based 
on this result, we can define X1 and X2 as supervisor-
centered factors and X3 as self-managing factor. 
 

TABLE V. LOSS TEAM PERFORMANCE FOR EACH 
SELFMANAGEMENT FACTOR UNDER TWO CONDITIONS 

 
 

 Figures 3, 4 and 5 show that: (1) the higher X1’s 
ability of decision-making is, the better team performance 
is; (2) when the ability of decisionmaking for X2 is the 
highest, the best team performance is obtained. But the 
worst team performance is not obtained when the ability 
of decision-making for X2 is the lowest; (3) the best team 
performance is obtained when the ability of decision-
making for X3 is 3. 
 

 
Figure 3. The ability of decision-making for X1 vs. team Performance 
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Figure 4. The ability of decision-making for X2 vs. team performance 

 

 
Figure 5. The ability of decision-making for X3 vs. team performance 

 

 
C. The Relationship among Three Sel-fmanagement 
Factors 
 
 We use a loss performance matrix to study the 
relationship among these three self-management factors: 
rescue factor X1, fire control factor X2 and fire put out 
factor X3. 
 Based on Tables 6, 7 and 8, we find that: 
1) The larger the sum of the ability of ecisionmaking 
for supervisor-centered factors (X1and X2) is, the better 
the team performance is. 
2) When X1+X2 is a certain number (both X1and X2 are 
not zero), the bigger X1 value is, the better the team 
performance is. In other words, when supervisor-centered 
factors are under supervisorcentered condition, if the total 
ability of decisionmaking of them is a certain amount, 
increasing the ability of decision-making for X1 will 
increase the team performance. This also means X1 
weights more than X2 in teams of increasing team 
performance. 
 

V. CONCLUSION AND FUTURE DIRECTIONS 
 
 According to Marik and McFarlane, there are several 
key application areas of agent-based techniques: 
- Real-time control of high-volume, highvariety, 
discrete manufacturing operations; 
- Monitoring and control of physically distributed 
systems; 
- Transportation and material-handling systems; 
- Management of frequently disrupted operations; 

- Coordination of organizations with conflicting 
goals; 
- Frequently reconfigured, automated 
environments [2]. 
 In this paper, we develop an agent-based 
simulation model to study the performance of a 
firefighting team. We define three types of 
selfmanagement factors: rescue factor X1, fire control 
factor X2 and fire put out factor X3. We also define X1 
and X2 as supervisor-centered factors and X3 as self-
managing factor. Results show that a high team 
performance can be obtained when the self-managing 
factor is in the state of self-managing and the supervisor-
centered factor is in the state of supervisor-centered. The 
relationship between the distribution of authority and 
team performance is nonlinear. We also found that the 
self-managing factor has a major impact on the team 
performance. We propose to study the relationship 
between other team structure variables (team size and 
structural interdependence) and the team performance in 
the next step. 
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TABLE VI. X1– X2 LOSS PERFORMANCE MATRIX 

 
 

TABLE VII. X1– X3 LOSS PERFORMANCE MATRIX 

 
 

TABLE VIII. X2– X3 LOSS PERFORMANCE MATRIX 
 

 
 


