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ABSTRACT 
 

Among possible emergency situations, those that very likely will mostly affect human 
behavior are the ones related to fire, due to the many reasons associated with its initiation. 
The prediction of the human behavior in the reply to a fire situation requires an integrated 
system that involves the people, the building and the fire. It is expectable that people will 
answer differently to distinct and varying fire situations, which will depend on a diverse range 
of factors.  
This paper summarizes a case-study on the human behavior under fire situations, based on the 
analysis of data collected through a questionnaire, applied to the Portuguese population 
nationwide. There were 14 questions related to fire, to which 225 answers were obtained. 
Within these 225 answers, 50 originated from people that actually experienced or were 
involved in a fire situation.  
The study was already able to point out some trends in the behavioral analysis. However, it is 
not ready to fully support the development of a simulation model capable of estimating the 
pre-movement time. With this purpose, other questionnaires are being designed, which will be 
associated with results gathered from the observation of a number of real-life simulated 
evacuation scenarios. 
 

1. INTRODUCTION 
 

The analysis of the implications of people's behavior under fire conditions has been studied 
for several years [1] [2] [3] [4] [5] [6] [7] [8] [9]. 
Some years ago the development of a buildings fire risk analysis model, called MARIE, was 
started in Portugal, consisting of eleven partial models [10].  
Although a complete implementation of MARIE is still far from being a reality, some 
preliminary work has been done, highlighting the descriptor of the building model (DEM) and 
the evacuation model (MMO). As regards the MMO at the time of its development some 
aspect were not considered, or they were treated with extreme simplicity, among which are 
those related to people's behavior. When considering a building evacuation it can be 
considered the existence of three distinct phases. The first phase begins when the fire starts 
until it is detected. The second phase is related with the time between the occupants being 
aware of the fire and their decision to leave the building. Finally, the third phase starts when 
the evacuation process itself begins and ends when every occupant has left the building. The 



MNO simulates in detail the third phase, but ignores what happens before the occupants have 
deciding to leave the building. 
For this reason it was considered important to initiate a study that could lead to the 
construction of a model that simulates the second phase to be integrated in the MMO. 
In a review of different simulation models of evacuation there are some who seek to model 
human behavior, but the methodology used in most cases is extremely simple, by introducing 
some rules that don’t make a real modeling of people’s behavior according to their 
characteristics and knowledge [12]. This behavior depends on the characteristics of the 
occupants themselves (physical, psychic and cognitive characteristics), of the buildings (type 
of use, geometrical characteristics, the existence of an organization and security management) 
and of the fire (visibility conditions, radiation, temperature and toxic gases concentration). 
The analysis and the prediction of human behavior in response to a fire situation require an 
integrated system that involves people, the building and the fire. People respond in a distinct 
way to different fire situations, depending on several factors. 
Although there is some randomness in the human behavior in a fire situation, it is possible to 
implement standardization according to some factors. 

 The knowledge of human behavior under a fire situation may be attained by resorting 
to the following methods: 

 appropriate questionnaire; 

 fire drill analysis; 
In the following chapter, the main conclusions of this first phase of the study are summarized, 
both about the sample’s characterization and the actions/reactions of the respondents. 
 

2. SUMMARY OF THE INVESTIGATION ANALYSIS[2] 
2.1. Characterization of the sample  
2.1.1. Overall characterization 
 

In this first phase of the study the sample in question, formed by 225 respondents, has some 
characteristics that, in a way, are adjusted to the Portuguese reality, namely gender, age group 
and fire safety training. 
Thus, relatively to gender, the sample is formed from 50.2% of women and 49.8% of men. 
Relatively to the age of the respondents, it is verified that they are between 17 and 78 years 
old, with an average of 35.96 years old, meaning that the sample is in accordance with the 
national trend (in the last census, the national average was 39.09 years old). On the other 
hand, in the universe of the 225 respondents, only 72 have training in fire safety and just 19 
make an annual recycle, fact that is also in accordance with the Portuguese reality. 
It must be noted that there are some aspects of the sample that deviate from the Portuguese 
society characteristics. Regarding education levels, the sample does not represent the 
country’s reality, because more than 50% of the respondents have university education, a 
percentage that far exceeds the national reality. 



It will be necessary to evaluate, in later stages of the study, if this incongruence with the 
actual population influences the final conclusions and seek which new surveys reflect with 
more reliability the education level of the national population. 
 

2.1.2. Characterization in subjects related with fire safety 
 

Result of the publication of new legislation in the area of the fire safety, Portugal is 
experiencing important modifications regarding the organization and management of the fire 
safety in buildings and the generalization of training and awareness of the occupants, fact that 
can have consequences in their future behavior. 
Regarding fire safety training it was found that a significant percentage of the respondents 
(65%) don’t have any training in this area. 
Still reflecting the current state of the organization and management of fire safety in the 
country, it was conclude that 63% of the respondents are unaware of the evacuation plans of 
the buildings they attend; which may can be explained by the fact of the generality of the 
buildings have not yet implemented these plans. Concerning the ability of the respondents to 
identify the emergency exit it is verified that 96.89% state that they are capable of that 
identification, percentage that significantly drops regarding its localization in the buildings 
they attend, because only 55.56% declare to have that knowledge. 
Finally, we emphasize the fact that 50 of the 225 respondents had already been confronted 
with a fire situation, a fact that is relevant to establish correlations with those who have never 
had such an experience. 
 

2.2. Influence on the reactions of the relation of the respondents with the 
building 
 

In this first phase of the study a general analysis to the answers received was conducted. An 
additional analysis was also carried out in which the influence of certain characteristics of the 
respondents (gender, age, fire safety training and education levels) was evaluated. 
Before initiating this study we had the idea that the reaction of the occupants during a fire 
could be influenced by the relation they have with the building, fact which was not confirmed 
in this first phase of the study, because 52.89% of the respondents said they would have the 
same behavior, while 44.00% stated that it would be different. 
Regarding the respondents that had already been involved in a fire, 54% reported that their 
reaction would be the same, even if they were on the building they lived, or in the one they 
worked or in any other building. 
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 Little influence of fire safety training on the knowledge of evacuation pathways. 

 Little influence of fire safety training on the choice of evacuation pathways during a 
fire. 

 Little influence of fire safety training on certain reactions by occupants during a fire. 

 Prediction of an almost certain widespread panic during a fire. 

 Little influence of the fact that the occupant knows the building or not on their 
reactions during a fire. 

 Little influence of previous experience with a fire. 
The results presented here must be read carefully, because they only represent the actual state 
of the study and are therefore still far from what can be considered to characterize the 
Portuguese behavior in relation to fire safety, being clearly insufficient to achieve the desired 
simulation model of people’s behavior in case of fire and not to quantify the time wasted on 
the actions developed by the occupants before deciding to leave the building. 
Thus, it becomes necessary to expand the universe of analysis, with the development of new 
campaigns for data acquisition.  
To follow up this study the original survey was reformulated and it was initiated a second 
round of data collecting that evolved users and staff of two big shopping centers of the city of 
Lisbon and the fire drill analysis that will, later on, be analyzed.  
The study will be extended to different kinds of buildings so that we can collect enough 
information to make the model of general use and not just to a particularly application. 
Therefore, there will be the need to distribute the survey to buildings like hotels, health 
related, education related, sports related and others, in addition to analyzing simulations that 
may occur in those buildings. 
Finally it is stated that another study is being developed, in Portugal, based on multi-agent 
systems, using the concept of serious games with an interactive virtual environment that 
allows collecting user’s profiles and that will afterwards be used as towards the behavior 
model. 
 

4. REFERENCES 
 

1. BRYAN, John L., “Cultural Variations in the Behavior of People in Fire Situations”, 
Department of Fire Protection Engineering, University of Maryland, 1978. 

2. CANTER, D., “Studies of human behavior in fire: empirical results and their 
implications for education and design”, Department of the Environment, Building 
Research Establishment, 1985. 

3. CHUBB, Mark, “Managing Fire Safety by Putting People Back in the Picture”, Fire 
Protection Engineering, Cleveland, Nº 16, Fall 2002, pag. 11-15.  

4. FAHY, Rita F. e PROULX, Guylène, “Human Behavior in The Word Trade Center 
Evacuation”, International Association for Fire Safety Science. Fire Safety Science. 
Proceedings. Fifth (5th) International Symposium. March 3-7, 1997, Melbourne, 
Australia, Intl. Assoc. for Fire Safety Science, Boston, MA, Hasemi, Y., Editor(s), 
713-724 pp, 1997.  



5. FAHY, Rita F. e PROULX, Guylène, 2005, “Analysis of Published Accounts of the 
World Trade Center Evacuation”, Federal Building and Fire Safety Investigation of 
World Trade Center Disaster, NIST NCSTAR 1-7A. 

6. HELIOVAARA, Simo, “Computational Models for Human Behavior in Fire 
Evacuations”, Department of Engineering Physics and Mathematics, Helsinki 
University of Technology, 2007. 

7. PROULX, Guylène, REID, Irene M.A., CAVAN, Neil R., “Human Behavior Study 
Cook County Administration Building Fire October 17, 2003 – Chicago, IL”, National 
Research Council Canada, Research Report No. 181.  

8. S.M.Lo, M. Liu and Richard K.K. Yuen, Department of Building & Construction, City 
University, City University of Hong Kong, Tat Chee Avenue, Kowloon Tobg, Hong 
Kong, Fire Technology,45 (2009), 431-449, “An Artificial Neural-network Bases 
Predictive Model for Pre-evacuation Human Response in Domestic Building Fire”.  

9. SHIELDS, T.J., Boyce, K.E., Fire Safety Journal 35 (2000), pag. 25-49, “A study of 
evacuation from large retail stores”. ZHAO, C.M. et al, “A Post-fire Survey on the 
Pre-evacuation Human Behavior”, Fire Technology, 45, 2009, pág. 71-95, Springer 
Science+Business Media. 

10. COELHO, António L. (1998), “Modelação de Evacuação de Edifícios Sujeitos à 
Acção de um Incêndio”, Lisboa, LNEC, 1997, Tese de Doutoramento, Volume II, 159 
páginas, 29 figuras e 43 quadros. 

11. KULIGOWSKI, Erica, PEACOCK, Richard “A Review of Building Evacuation 
Models”, National Institute of Standards and Technology, July 2005. 

12. CORDEIRO, Elisabete – “Modelação do comportamento das pessoas em caso de 
incêndio”, Tese de Mestrado em Segurança Contra Incêndios Urbanos, Faculdade de 
Ciências e Tecnologias da Universidade de Coimbra, 2010, 198 p. 

13. FAHY, Rita, PROULX, Guylène, , LATA, Aiman – “Panic and human behavior in 
fire”, pag 387-398, 4th International Symposium on Human Behavior in Fire 
Symposium 2009, Conference Proceedings, Robinson College, Cambridge, UK, 13-15 
July 2009. 

14.  KEATING, John P., “The Myth of Panic”, Fire Journal, 1992. 
15. SIME, Jonathan D., “Escape Behavior in Fires: ‘Panic’ or Affiliation?”, Department 

of Psychology, University of Surrey, 1984. 
 


