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Abstract    Disasters analyses have brought the interest in improving response to 
emergencies. In many cases there is a need to understand how people within a 
built environment react in a fire building emergency. Architectural clues play a 
significant part in the decision making and time taken to evacuate due to an emer-
gency. In this study, virtual reality simulated experiments have been constructed 
to study the human ability to stay oriented while moving through spaces, evaluat-
ing alternatives and making decisions. Two variable models were constructed and 
implemented in a simulated built environment, in which 100 subjects were tested 
as in evacuation experiment. Data analysis shows how these variables affect hu-
man behavior on each critical decision points. Results showed that some architec-
tural clues such as: windows and colors are important factors in the process of de-
termining and following a route in fire emergency evacuation. 

Introduction  

In built environments we need to understand human behavior in fire emergency 
situations.  These studies involve the interaction between psychologists, sociolo-
gist, engineers, and others professionals. 

Most of the evacuation models concern on how people think and act before the 
start of their evacuation. In fires, there are major factors affecting human wayfind-
ing actions, spatial behavior, and decision making. Such as: persons’ age, educa-
tion, experience, culture, mental and physical capabilities, social situations and 
architectural clues (Spearpoint, M J., 2008). In building fire cases, people are put 
in stressful unfamiliar situation, where they have to take rapid decision making us-
ing the information that is available. This information collection and decision 
making may sometimes indicate panic. And this will happen when people are un-
der extreme life threatening conditions especially when they are going through 
evacuation process (Fahy, 2009). At panic situations, most of the people do not 
use the emergency direction signs; as a result, they look for other environment’s 
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clues to escape (Malek, 2006). Achieving an efficient, clear and comfortable cir-
culation system is an important aspect in large complex building.  

Many researchers studied the pre-movement behavior model to represent the 
rational human behavior pattern in fires or emergencies, and to integrate the major 
variables that affect human perception, cognition process and behavior reactions 
for people in fire emergency cases. Some were interested in reading supporting in-
formation of an emergency task, trying to speed up the time for decision making 
in emergency situations. While Fire safety engineers try to realize the full value 
mathematical models that help in human behavior prediction during evacuations. 
This helps them in designing and implements safety measurements which reduce 
and control the impact of fire (Chen, 2008). 

And to understand the wayfinding process in a complex building, various vir-
tual escape games have been developed. These studies help in explain people’s 
wayfinding behavior in unfamiliar buildings. The aim of this research is to find 
architectural clues which will help people choosing correct decisions in their deci-
sion-making process. We focused on virtual reality simulation In order to predict 
some spatial clues which people aware of, while performing a wayfinding task. 

Background 

 
To understand the human response to clues and decision-making in wayfinding, 
important concepts and scientific backgrounds for this research have been intro-
duced below. 

Spatial cognition 

Spatial Cognition is concerned with the acquisition, organization, utilization, and 
revision of knowledge about spatial environments. This will enable humans to 
manage basic and high level cognitive tasks in everyday life. Many disciplines 
work together to understand spatial cognition in humans and in technical systems. 

According to Raubal, cognition is acquisition, storage and retrieval, manipula-
tion, and use by humans (Raubal, 2001). Cognitive is part of the mind: brain and 
nerve system which is part of social and physical world. Location, size, distance, 
direction, separation and connection are spatial properties. Spatial orientation is 
one of the cognitive skills and it is the ability to orient oneself in space. 
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Wayfinding  

Wayfinding term has been introduced in the late 70s; it replaced the term “spatial 
orientation.” Wayfinding reflects the approach to studying people’s movements 
and their relationship to space. It is "the process used to orient and navigate. The 
overall goal of wayfinding is to accurately relocate from one place to another in a 
large-scale space" (Gluck, 1990).  In other words, way finding is “the ability to 
find a way to a particular location in an expedient manner and to recognize the 
destination when reached” (Peponis, et. al., 1990). Even more importantly, this 
approach opens up new ways to design for people’s spatial behavior. It is a very 
important aspect of daily life, especially in emergency situations. In large building 
complexes, wayfinding shape the setting, affect the choice of the circulation sys-
tem, and contribute to the design of the interior. 

Signs are not the most important means of providing wayfinding information in 
a built environment settings. People during their movements have to collect circu-
lation information and clues in order to find their way. They have to find out 
where to enter a building and where to exit it. They have to recognize destination 
and to identify the horizontal and vertical circulation systems. In other words, they 
have to understand circulation systems. This will help in their decision-making 
process. 

Evacuation process  

Evacuation process contains several overlapping stages: awareness stage, pre-
evacuation stage, evacuation stage, and post-evacuation (Spearpoint M J., 2008).  

Awareness stage, in this stage people become aware of fire by seeing fire or 
smoke or by smelling unfamiliar smell or by hearing an alarm system.  

Pre-evacuation stage, or the pre-movement stage. In this stage people evaluate 
the information available and decide their actions. This will last for few seconds or 
hours. The behaviors in this stage are complicated and a subject of continuous re-
search. 

Evacuation stage, after decision has been made, evacuation process will start. 
If the building is unfamiliar to people they will look for exit route by using their 
wayfinding strategies. Their decisions depend on individual’s perceived level of 
threat and other behavioral aspects. Choosing the escape rout will depend on the 
exit route signage: lighted signs, reflective signs, floor lightning, and other means. 
At the same time, well designed built environment with clear clues will help in 
this stage, and in correct decision making. 
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Virtual reality  

Virtual is “something that can be done or seen using a computer and therefore 
without going anywhere or talking to anyone” (Cambridge University Press, 
2006). Virtual Reality (VR) has been described as "a magical window onto other 
worlds, from molecules to minds," (Rheingold, 1991). It helps us in learning how 
people visualize and interact with objects, in order to enhance their navigational 
awareness efficiently. In this technique, we can provide a controlled environment 
in wayfinding researches. VE is a logical technology as an evaluation tool in ar-
chitecture (Bertol, 1997). VE will allow humans to actively interact with the envi-
ronment in various ways. De Kort, Ijsselsteijn, Kooijman, and Schuurmans 
(2003), confirmed that VE could be a prospective tool for environmental beha-
vioral research. According to Riecke, van Veen, and Bülthoff (2002) VE offers 
experimental research conditions that are easy to define, control, and duplicate. 
Moreover, VE is able to create experimental research conditions that would be dif-
ficult to create in the real environment (Péruch, Gaunet, Thinus-Blanc, & Loomis, 
2000). New techniques have been developed by researchers as a Disaster Man-
agement Simulator to study the evacuation behavior and the effect of the building 
design on that evacuation behavior, in particular on way finding (Kobes, 2009) . In 
this research, virtual environments were used to test some architectural variables 
and their effect on people’s decisions making. 

Methods 

Most of the wayfinding problem refers to lack of signage system, or the panic 
which occurs within people during evacuation in fire emergency cases.  And the 
hardest decision making process while navigate through built environments occurs 
at the intersection points.  

The two experiments in this research focus on environmental clues that per-
ceived by wayfinder while they are trying to solve a wayfinding task in a crisis 
situation and their actions based on such information. Virtual animated complex 
buildings were designed to investigate if color (warm / light) and transparency 
(windows) affect the spatial orientation and decision making of humans during 
emergency cases. Two different environments were designed to measure this ef-
fect. Both of them are consisting of ten T intersections (figure 1). 
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Fig. 1. Floor plan of the animated experiment (ten intersections) 

 
Experiment 1: In this experiment, we intended to test the transparency factor’s ef-
fect. With different orders two kinds of corridors were distributed at each intersec-
tion: the first one has no windows at all while the second one has windows (80% 
voids) (figure 2). At each intersection, the subjects were asked to choose one of 
the two corridors they are facing, while navigating to escape from the virtual ani-
mated complex building. 

 

 

Fig. 2. Experiment one - transparency variable 
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Experiment 2: In this experiment, we intended to test the color factor’s effect.  
Two corridors at each intersection were found. One of them was colored with light 
color (white, green, blue) and the other with warm color (red, orange, yellow) 
(figure 3). The subjects were asked to choose one of them during their spatial 
orientation to escape from the animated complex building. 
100 students (53 males, 47 females) from applied science university were partici-
pated in this research. Their ages ranged between 19 to 22 years old. The same 
subjects went through the two experiments in different order at different days. 
 

 
Fig. 3. Experiment two - color variable 

 
 

 

 

 

 

 

Fig. 4. Experiment two - choosing different light and warm colors 

Results 

This paper presents a model of the wayfinding process in a fire building emergen-
cy. The model integrated elements of people’s perception and cognition, focusing 
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Number of corridors 

on how people make sense and take of their wayfinding environment and take de-
cisions at intersection points. The wayfinder gains knowledge about the building 
through visual perception of architectural clues at decision points. One would de-
cide which path to choose with the use of these clues at decision points in order to 
find his/her way to escape from the building.  

In experiment 1, for each subject, the number of closed corridors and transpa-
rency corridors which he/she chose were counted. Same procedure was done for 
experiment 2, where number of light colored corridors and warm colored corridors 
were counted. The frequency test was applied to the number of transparent and 
closed corridors for all subjects. Figure 5 shows the relation between the frequen-
cies for each kind of corridors. In figure 6, percentage of each corridors choices, 
opened and closed, were calculated. 
 

 

 

Fig. 5. Frequencies for opened and closed corridors for experiment one 

 
 
 
 
 
 
 
 
 
 

 

Fig. 6. Percentage of frequencies for opened and closed corridors for experiment one 

The frequency test was applied to the number of cool colored corridors and the 
warm colored corridors for all subjects. Figure 7 shows the relationship between 

Transparent Corridors Closed Corridors 

Transparent Corridors 

Closed Corridors 

Frequency 
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the frequencies for each kind of corridors. In figure 8, percentage of each corridor 
choices, cool and warm, were calculated. 

 
 

 

 
 
 

 
 
 

Fig.7. 

Fre- quencies for 

light and warm 

color corridors 

for experiment 

two 
 

 

 

Fig. 8. Percentage of frequencies for light and warm color corridors for experiment two 

The average of the chosen transparent corridors was 6.87. Based on this value, 
the percentage of subjects who chose more than 7 transparent corridors is 62%. 
This was with a standard variation value of 1.6. These results show that the major-
ity of people are moving towards open transparent corridors during their evacua-
tion process. The average of the chosen light corridors was 6.91. Therefor, and 
based on this value, the percentage of subjects who chose more than 7 light co-
lored corridors equal to 64%. The standard variation value was 1.6. These results 
show that the majority of people are moving towards light colored corridors 
through their process of navigation to escape from complex building during emer-
gency cases. 

According to the statistics, there was a correlation value of 0.73. This indicates 
that there is a strong relationship between the human perception and cognition of  
the environmental clues (light color and transparency), which affect decision mak-
ing at intersection points in spatial orientation during fire emergency cases. Figure 
9 shows the relation between light color and transparent corridors frequencies. 

Number of corridors 

Warm Color Corridors 

Light Color Corridors 

Frequency 
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Fig. 9. Frequencies for transparency and light color corridors 

 
Table 1 shows the final results of the frequency test, which were found in the two 
experiments conducted in this paper. 

Table 1. Frequency test results for the two experiments 

Number of corridors Transparent corridors  Light color corridors  

1 0  0   

2 0  0   

3 2  2   

4 8  7   

5 13  12   

6 15  17   

7 24  22   

8 21  23   

9 12  13   

10 5  4   

Mean 6.87  6.91   

Percentage more than 7 62%  64   

STDEV 1.68  1.64   

 

Discussion and Conclusions 

Virtual environment were used as a prospective tool for wayfinding research be-
cause of its ability to control the different variables of the environment. VE also 
provides similar movement experience as the experiments in the real environment 
(Raubal, 2001). In this research, by using virtual animated experiments, some arc-
hitectural clues were tested to improve evacuation plans with lower probability of 
failure, enabling faster and more efficient evacuation of a building in the event of 
emergency escape. Hajibabai, et. al found that the better placement of the cues and 

Transparent Corridors 

Light Color Corridors 
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optimum planning of the quality and quantity of the signage lead to shorter evacu-
ation time from the building. They proposed strategies which describe how spatial 
cognition of human can find the exit ways in a building fire emergency by the use 
of the building signage and the landmarks in such a crisis situation (Hajibabai, et. 
al., 2007). 

This research is focusing on other elements of people’s perception and cogni-
tion, such as color and transparency, and on how people make sense of their way-
finding environment. There have been different strategies for the evacuation 
process in fire emergencies. One of them is helping people to use environmental 
clues in way finding, to enhance correct decisions for escaping from the building. 
The significance of this paper is the architectural elements in the built environ-
ment that helps people in choosing the right path to escape. People need informa-
tion about the destination to be presented at every decision point (Leila 2006). 
When we use the transparency in corridors which coming next to each decision 
making points, we will enhance the ability to collect more information about our 
environment and our final destination. Moreover it will help people in reducing 
the panic situation which happened usually in emergency cases.  

Many researches investigate Color psychology which refers to the effect of 
color on human behavior and feelings. They found that color plays a significant 
role in behavior and performance. For example, “Red turns up on top for 
associations for a number of different things: angry, aggressive, strong, 
courageous, frustrated and lustful,” according to Stephen E. Palmer, a professor of 
psychology and cognitive science at the University of California, Berkeley. 
Orange the color of energy and warmth while green is the color of balance, har-
mony, caring, tenacious self-reliance, and healing. Blue the color of calmness, 
concentration, healing, and relaxation. Using light colors like blue, green and 
white for corridors, will gives people kind of balance, concentration and relaxing 
at panic situations occurring during fire emergencies evacuation. 

Some limitations were noted and could be used as factors for establishing fu-
ture studies. The experiment was conducted with students most of them are archi-
tects and civil engineers. The limited diversity of these participants raised an issue 
of the external validity of the study, which was the problem of generalizing the 
Results, because these students might have better skills in understanding building 
layouts. Additional experiments should be conducted with different types of par-
ticipants to confirm the results of this study. In addition, individual differences can 
be an interesting are to study according to the research foundlings. 
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