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Summary  
with Conclusions and Recommendations 

 
1. Introduction 

 

The most crucial aspect of a building’s safety in the face of fire is 

the possibility for safe escape. An important precondition is that 
the building’s fire safety facilities enable independent and 

adequate fire response performance of the building's occupants in 

the case of fire. In practice, it appears that the measures currently 

required by law do not always provide the support that people in 

burning buildings need, as over the centuries a gap has arisen 
between fire safety policy and the technological as well as human 

aspects, which actually determine fire safety. Additionally, several 

assumptions in current (Dutch) policy are found to be inconsistent 

with the knowledge in the literature. Consequently, to bring fire 

safety measures into line with occupants’ needs during an incident, 

understanding how individuals behave in the case of fire and fire 
evacuation is essential. To achieve this, it is recommended that 

the scientific knowledge available from the field of psychonomics 

should be utilised. Psychonomics describes an approach to 

psychology that aims at discovering the laws that govern the 
workings of the mind. These laws lead to an understanding of how 

people process information. The primary concern of fire safety 

psychonomics is with the occupants' perception of the fire and the 

building environment.  

 
The implementation of the psychonomic approach is achievable by 

using an assessment system based on fire safety engineering 

principles. By using this assessment system the required fire 

safety measures for a building’s design can be engineered with 

three scenarios in mind, i.e., the fire scenario (FS), the fire 
repression scenario (FRS) and the occupant response scenario 

(ORS). To predict a reasonable occupant response scenario, new 

data are needed on evacuation behaviour in several surroundings 

and conditions. In the case of fire evacuation, the ease of 

wayfinding (toward a fire exit) is very important for survival, as 
additional psychic stress caused by wayfinding problems can 

impair cognitive processes and the person's response. Wayfinding 

can be described as the process of spatial orientation and spatial 

problem solving, wherein spatial and environmental information is 

used as a communication device for navigation to find our way in 

the building environment. Although some aspects of wayfinding 



during evacuation have been investigated, it is not discussed at 

great length. In particular, there is little insight into how persons 

find their escape route and how this process of wayfinding can be 

supported with layout and design measures.  

 
To collect new data on human behaviour in a fire, experimental 

research can be conducted. In experimental research on human 

behaviour in a fire, it is reasonable to do the research in an 

environmental setting that is comparable to a real fire situation. 

However, to guarantee the safety of participants in experimental 
research, it is hardly safe to expose people with the phenomenon 

of fire in a realistic way. The confrontation with real fire incident 

stressors is present in case studies, although this type of research 

is controlled by the incident situation and not by a certain need of 
knowledge. In a serious game, it is possible to realistically confront 

people with the phenomenon of fire without exposing them to the 

extreme health risk of a real fire. For that reason, the application 

of a serious game in behavioural research is expected to be a 

valuable supplement to the existing research methods. This new 

research method is assumed to be suitable to stipulate the 
necessary fire safety measures in a building design based on 

psychonomics. 

 

 
 
A serious game is defined as a game that uses interactive simulation by means 
of computer technology. Interactive simulation is the representation of the role 
of a human, the environment, or both, which will change over time if actions are 
or are not taken by the player. Regardless of the media involved, serious games 
are aimed at engendering a variety of cognitive, sensory, and emotional 
experiences in the players.  
 

Textbox 1. 

 
 

The primary aim of the research is the validation of a new research 

method that uses serious gaming. The new research method 

consists of an analysis model to systematically study the fire 

response performance of people in buildings (FRP-model), and of a 

virtual environment wherein the human behaviour can be 

comprehensively studied, namely the serious game ADMS-BART. 

After the use of ADMS-BART is validated as a research tool, a 

multitude of experiments can be carried out for deciding which 

building design fits best with actual human behaviour during fires.  
 



The new research method has been developed to obtain insight 

into evacuation behaviour and the effect of the building design on 

that evacuation behaviour, in particular on wayfinding. The 

additional aim of the research is, therefore, the following: 

- To obtain insight into human behaviour in fires, particularly 
the intentions on which the route choice of evacuees are 

based.  

- To study the influence of aspects of human factors, building 

factors and fire factors on the fire response performance, in 

particular the wayfinding performance.  
 

2.  Results of the literature review 

 

2.1 Synopsis 
 

The field of scientific research into human behaviour in a fire is 

relatively new, although numerous studies have been conducted 

on this issue since the start of the 20th century and are continuing. 

Nevertheless, at present our knowledge of occupants’ 

performances when confronted with fire is still very limited. Yet, in 
terms of optimising fire safety policy, it is important to understand 

why certain incidents have led to many victims or why a seemingly 

disastrous event resulted in very few casualties. These questions 

were the starting point for a literature review, which aimed to 
identify the critical factors that influence fire response 

performance.  

 

 
 
Fire response performance is an individual’s ability to perceive and interpret 
signs of danger, to make decisions and to take actions aimed at surviving a fire. 
 

Textbox 2. 

 
 

The definition of fire response performance is process related and 

is based upon an understanding of evacuation. This process is 

divided into three activities and stages: 

- Awareness of danger by external stimuli (cue validation 

period) 
- Validation of, and response to, danger indicators (decision-

making period) 

- Movement to/refuge in a safe place (movement period) 

 



Incident analyses have shown that there is a connection between a 

delayed evacuation and a high number of fire deaths or injuries, 

particularly in residential buildings and hotels. To determine which 

measures would hasten the time taken to make decisions and 

which steps would lead to people choosing the correct escape 
routes, we need information about the perceptions, intentions and 

motives of those who are trying to escape from a fire. On 

reviewing the literature on the critical factors that determine fire 

response performance, it is clear that occupants' behaviour 

interacts with the conditions of the surrounding environment and 
the fire safety measures in place in the building. Generally 

speaking, three groups of factors determine the degree of fire 

response performance in the event of fire in a building. These are 

as follows: 
- Fire characteristics 

- Human characteristics 

- Building characteristics 

These three groups of factors are subdivided into several detailed 

characteristics. 

 
2.2 Conclusion and recommendation of the literature review 

 

Conclusion 1: The existing knowledge on fire response 

performance has to be increased by further research: 
- There is need for further knowledge of the influence of 

surrounding factors (fire situation, building design, and 

social factors) on occupants’ fire response performance. In 

particular, there is little insight into how persons find their 

escape route, and how this process can be supported with 
layout and design measures has been hardly examined.  

- Regarding fire safety policy, there is need for further 

knowledge on measures that would have a positive 

influence on the fire response performance. To determine 

which measures would hasten the time taken to make 

decisions and which steps would lead people to choose the 
correct escape routes, we need information about the 

perceptions, intentions and motives of those who are trying 

to escape from a fire.  

 
Recommendation 1: The starting point for fire prevention 

measures should be the psychonomic interaction between 

the characteristics of a building and the human behaviour in 

fire.  

 



3. Case study with use of the FRP model 

 

3.1 Synopsis 

 

Based on the literature review, the level of fire response 
performance is influenced by three groups of factors, namely the 

fire characteristics, the human characteristics and the building 

characteristics. The three groups of factors, and their sub-factors, 

are brought together in the fire response performance model (FRP 

model). With that, the FRP model gives an overview of the critical 
factors that determine the fire response performances of the 

occupants. The model takes into account the interaction between 

human and building characteristics as well as the interaction 

between human and fire characteristics and the interaction 
between fire and building characteristics. The FRP model is 

presented in Figure 1. 
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Figure 1. Fire response performance model (FRP model) 

 

 

To make the model applicable for further research on human 
behaviour in fire, the model has been modified into a qualitative 

analysis model. Therefore, the expected influence of the critical 

factors is determined based on existing literature. Additionally, the 



application of the qualitative FRP model as a priori theory for case 

studies on fire safety psychonomics has been verified by 

conducting a case study on the fire response performance in a fire 

in a football stadium. 

 
The case study revealed that the predictions in the FRP model 

appear to represent the features that played a role in a football 

stadium fire. Only one extra level of influence must be added to 

the feature of heat, which is the positive influence of a moderate 

heat level; this, however, is considered to be a minor modification 
of the model. 

 

The case study also revealed that the preservation of safety 

regulations plays a vital role in the occurrence of an incident. If 
people had not been allowed to bring flammable materials into the 

football stadium and if the fire hoses had worked, the incident 

would not have developed into a situation that made an evacuation 

inevitable. The feature of smoke has had one of the strongest 

influences on fire response performance. Smoke blocked one 

escape route and obstructed the view of the emergency exit signs. 
The supporters’ familiarity with the layout of the stadium and the 

difficulty of wayfinding to emergency exits were two important 

causes for evacuation delays. Because people knew the locations 

of the regular exits, they did not look for an alternate exit when 
the normal exit was blocked. 

 

3.2 Conclusions and recommendations of the case study 

 

Conclusion 2: The use of the FRP model results in a systematic 
analysis and gives a clear overview and understanding of the 

impact of several aspects of the occupants’ fire response 

performance. However, the FRP model has two limitations: 

- The first limitation of the FRP model is that not all features 

could be predicted based on existing literature. For 

example, the influence of escape route signage could not be 
predicted, neither could the influence of emergency lighting 

systems, building size (which appeared to have no influence 

in the football stadium fire), low occupant density and 

occupant profiles, personalities and familiarity with the 
layout (which appeared to have a negative influence in the 

football stadium fire).  

- The second limitation is that the FRP model provides a 

qualitative analysis. This means that the weighting of the 



effects of different features of fire response performance 

depends on the judgement of the researcher.  

 

Recommendation 2: Further research is therefore 

recommended to make the model suitable for a more 
quantitative and objective analysis.  

 

Conclusion 3: The FRP model generates a satisfactory prediction 

of the level of fire response performance.  

 
Recommendation 3: The recommendation is to use the 

FRP model to determine plausible fire and occupant 

response scenarios based on building and occupancy 

characteristics.  
 

Conclusion 4: The inadequate level of maintenance of the fire 

safety measures in the football stadium has lead to a low fire 

response performance level. In other case studies, inadequate 

maintenance was more often found to be an influencing factor for 

serious incident development. 
 

Recommendation 4: Regarding the building charac-

teristics, the obvious recommendation is that there should 

be greater emphasis on maintenance (of fire safety 
measures) to improve fire response performance. It is also 

recommended that the upwards spreading behaviour of 

smoke should be taken into account in the design of a 

football stadium. 

 
Conclusion 5: Two situational factors, namely the focus point and 

the building evacuation team, contributed to the delay in 

evacuation time as well. The supporters received no signals that 

the match was suspended. Therefore, they continued to wait for 

the match to start.  

 
Recommendation 5: To enhance fire response perfor-

mance, it is recommended that the building management or 

evacuation team put more effort into communication when 

an accident occurs, which should preferably be accom-
plished via several means of communication. It would be 

advisable to inform supporters clearly that the situation is 

not normal and therefore, adjusted behaviour is requested. 

In other words, they need to be supported in their powers 

of judgement. 



 

4 Methods for research on building fire safety 

 

4.1 Synopsis 

 
Several analysis tools and models have been introduced to 

determine the degree of a building’s fire safety. The global fire 

safety engineering models of available safe egress time (ASET) 

and required safe egress time (RSET) are examples of traditional 

methods of life risk assessment. Evacuation (simulation) models 
have been playing an important function in the transition process 

from prescriptive fire safety codes to performance-based ones over 

the last three decades. With the development of simulation tools to 

assist in the design procedure, the application of engineering 
methods has become important. Therefore, it has become more 

and more important to obtain the correct input parameters for the 

engineering methods.  

 

Various research methods can be used to collect the necessary 

data on, for example, human behaviour in fire. The present 
knowledge about human behaviour in fires is primarily extracted 

from experiments, such as unannounced fire drills, and from case 

studies, such as incident evaluations. New methods that have been 

used in fire safety research are the use of simulations and serious 
gaming. Several researchers have already made use of a serious 

game for research in psychology, as it allows researchers to 

simulate realistic situations and induce emotions in a controlled, 

standardised way. Even for behavioural research during fire 

evacuation, serious games have been used, for example by De 
Vries and Sun (2009) and by Smith and Trendholme (2009).  

 

Four research methods, namely the methods of experimental 

research, case studies, using evacuation simulations and use of 

serious games, have been analysed based on eight key aspects of 

research. These are the level of reality of the experimental setting, 
the type of observation, the level of possibility of presenting 

people actual stressors, the level of possibility of situation control, 

the level of possibility of adjusting the experimental setting, the 

level of possibility of identical replication of tests, the level of time 
and cost intensity and the level of possibility of automatic data 

collection. 

 

In the analysis it is found that with the use of evacuation 

simulation, it is not possible to collect new data on fire response 



performance. This is because the observations are predictions that 

are based on existing assumptions of a real situation. However, 

with the use of simulation it is possible to develop new hypotheses 

that can be examined in experimental research. The research 

method of case studies is not the best method to gain insight into 
fire safety psychonomics. This is because it is hardly possible to 

study a pre-determined issue of research. Besides, there is a high 

possibility that the judgements of the survivors are not necessarily 

a reflection of what really happened. Nevertheless, information 

gained from case studies is valuable to broaden our insight into 
human behaviour in a real fire, especially when video footage is 

available to analyse. In experimental research, and in research by 

the use of serious gaming, it is possible to adjust the test 

environment to study a pre-determined issue of research. 
Additionally, in both methods, there is a highly achievable level of 

situational control, identical replication of tests and automatic data 

collection.  

 

4.2 Conclusion and recommendation of the evaluation of 

research methods 
 

Conclusion 6: The method of unannounced fire drills 

(experimental research) and the method of the use of serious 

gaming are preferred to gain the needed insight in fire safety 
psychonomics for fire safety policy and fire safety engineering. The 

method of unannounced fire drills has been endorsed scientifically 

in research on human behaviour in fire. However, the method of 

the use of serious gaming has not yet been convincingly validated 

for research on human behaviour.  
 

Recommendation 6: To make sensible use of serious 

gaming in behavioural research, it is essential to 

scientifically verify the validity of the new research method.  

 

 
5.  Development of serious game ADMS-BART 

 

5.1 Synopsis 

 
To implement the possibilities of virtual reality for studying human 

behaviour in fires in experimental research, the serious game 

‘ADMS-BART’ has been developed. This Behavioural Assessment 

and Research Tool (BART) is based upon a tried and tested 

simulation platform that is used by emergency training organisa-



tions all over the world for years now. This simulation platform is 

the Advanced Disaster Management Simulator of ETC Simulation 

with the disaster scenarios of NIFV (NIFV-ADMS). The initial 

development of NIFV-ADMS started in 2000. The development of 

NIFV-ADMS and its training program are based on the cognitive 
concepts of Klein (1998) and of Rasmussen and Vicente (1989), as 

unexpected events, unknown situations, time pressure, and life-

threatening situations are important contextual factors for 

emergency responders. Over 15,000 people have performed one 

or more training sessions with NIFV-ADMS, and its use is 
continuing. Most of the trainees consider the training in a virtual 

environment to be as stressful as a real emergency response.  

 

To make the software of ADMS suitable for behavioural research, it 
was extended with several functionalities, such as a tracking and 

registration device as well as a virtual replica of Hotel Veluwemeer. 

The draft version of the research tool was made in the virtual 

environment of VR4MAX and is called BARTtrial. This draft version 

was used in a user convenience test to explore the possible 

necessities to fine-tune the serious game ADMS-BART during its 
development and to gain experience with the process of training 

people to use the serious game. User convenience tests have also 

been conducted with ADMS-BART. There were three objectives for 

conducting the user convenience test with ADMS-BART: 
- To determine the participants’ perception of the simulated 

environment. 

- To explore the user-friendliness of the research tool.  

- To determine the target group for the application of the 

research tool, in terms of the level of gaming experience 
and age. 

 

Before the tests, the participants undertook a short training in 

game control skills. This training had a positive influence on the 

game control skills, especially for the participants without gaming 

experience. After the training, the average level of game control 
skills of the participants with gaming experience was 7.3 points on 

a scale from 1 (low) to 10 (high) and that of the participants 

without gaming experience was 6.4 points.  

 
5.2 Conclusions and recommendation of the user convenience 

tests 

 

Conclusion 7: The user convenience of the projection on the 

small screen was relatively high (mean value of 8.1). Also, the 



rating for the projection on the laptop screen was amply sufficient 

(mean value of 6.6). Tests in a virtual environment with projection 

on a large screen were found to cause cyber sickness. The 

symptoms of cyber sickness were related to the symptoms of 

motion sickness, such as car sickness or sea sickness. 
 

Conclusion 8: The joystick is the game control device that scored 

the best rating in the user convenience tests. The participants with 

no game control skills gave the highest user convenience rating to 

the joystick (mean value of 7.5). The participants with game 
control skills preferred the gamepad (mean value of 7.8). 

However, the rating for the joystick was also satisfactory (mean 

value of 6.8) for this group of participants. The keyboard and 

mouse controlling device was not suitable for older participants 
and for participants without game control skills.  

 

Recommendation 8: It is recommended to exclude the 

keyboard and mouse as the controlling device if a serious 

game is used to conduct behavioural research with a normal 

population. 
 

Conclusion 9: The reality of the visualisation of BARTtrial is 

valued to be very high (mean value of 7.4). In particular, the 

participants with game control skills gave a high rating for the 
visualisation (mean value of 8.1). Consequently, no visual revision 

was needed for the test sessions with ADMS-BART. 

 

Conclusion 10: ADMS-BART can simulate a realistic environment 

and participants do not treat the simulated situation as a ‘game’. 
The level of realism of the environment in ADMS-BART was found 

to be high, varying between 7.6 and 8.0 points in the various test 

scenarios. Additionally, the feeling of emergency was moderate, 

varying between 5.8 and 6.5 points in the various test scenarios.  

 

Conclusion 11: There is no reason to assume that the user 
interface (man-machine interface) of ADMS-BART would affect the 

behaviour in the virtual environment, as the ease of controlling the 

game was judged to be high (7.0-7.7), even though half of the 

participants had no gaming experience. There is no need to 
exclude older participants or participants with a low level of game 

control skills from evacuation tests in a virtual environment, as 

there is no reason to assume that the age and the level of game 

control skills after training has had an important influence on the 

exit choice for both groups of participants.  



6  Experimental study on wayfinding during fire 

evacuation in a hotel 

 

6.1 Synopsis 

 
To obtain insight into human behaviour in fires, experimental 

research on wayfinding behaviour was conducted. The experiments 

were carried out in real and in virtual environments. An ethical 

commission of the University of Groningen approved the research 

design. Before the tests, the participant signed an informed 
consent form.  

 

The research in the real environment was conducted with a 

traditional method, namely the registration and evaluation of a 
partially unannounced fire drill. The participants were individually 

alarmed by means of a telephone message. The evacuation tests 

were carried out in Hotel Veluwemeer, located near the Dutch city 

of Amersfoort. The test sessions in the real hotel consisted of an 

evening session and a night session, though the participants were 

only told about the evening session. In the evening session, a 
group meeting and a fake test took place. The design of the fake 

test was such that the participants believed that it was the actual 

test, so that they did not truly expect a fire drill during the night. 

The actual test, however, took place at night, when the 
participants had to evacuate individually.  

 

Research in the virtual environment was conducted in a replica of 

Hotel Veluwemeer in the serious game ADMS-BART. In the virtual 

environment, the test session consisted of a training session and 
an evacuation test. The design of the evacuation test was basically 

the same as in the real hotel. However, in the evacuation test, the 

participant stood in front of a 1.0 x 1.5 meter-sized flat projection 

screen. After the lights were turned off, the test would start, and 

the participant had to act as if it was a real situation. The situation 

was introduced as a night situation in a hotel, and the participant 
would be asleep in his/her hotel room. The visualised room was 

the same room that was used in the training session.  

 

The research consisted of experiments that were carried out in 
four settings and labelled as ‘scenarios’. In the real environment, 

three scenarios were tested, and, in the virtual environment, four 

scenarios were tested, see Figure 2.  
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Figure 2. Experiment scenarios for behavioural analysis 

 
 

In the first scenario, nothing was changed in the hotel setting. This 

was called the ‘basic scenario’. In the second scenario, a fire was 

simulated by pouring smoke out of a hotel room into the corridor. 

This was called the ‘smoke scenario’. In the third scenario, a fire 

was simulated, and the green exit signs were placed at the floor 
level instead of at the ceiling level. This was called the ‘low exit 

sign scenario’. The signs in the low exit sign scenario were placed 

about 30 centimetres above the floor and in front of every set of 

two hotel room doors. Therefore, there were more signs present in 

this scenario compared to the other two scenarios. In the fourth 
scenario, a fire was simulated, and the illumination level was 

reduced to emergency level (approximately one lux). This was 

called the ‘reduced lighting scenario’. 

 
A total of 83 tests in the real environment and 46 tests in the 

virtual environment were used for the behavioural analysis. The 

main focus of the experimental research was on wayfinding during 

fire evacuation. The study presents the results of four possible 

influencing aspects on human fire response performance, namely  

 



the influences of: 

- Personal features  

- Environmental conditions (smoke or no smoke)   

- The location of exit signs (placed high or placed low) 

- The illumination level (normal level or reduced level) 
  

The fire response performance was measured by exit choice, 

walked distance and evacuation time. To analyse the influence of 

environmental conditions on the level of human fire performance, 

the results of the smoke scenario were compared to the results of 
the basic scenario (see 'I' in Figure 2). The possible influence of 

the location of exit signs was analysed by comparing the results of 

the low exit sign scenario with the results of the smoke scenario. 

To analyse the influence of the illumination level, the results of the 
reduced lighting scenario were compared with the results of the 

smoke scenario. The tests in all three scenarios in the real 

environment were analysed in detail, as the method of fire drills in 

a real building is a scientifically endorsed method for behavioural 

analysis. In the sessions with ADMS-BART, only the tests in the 

reduced lighting scenario and the smoke scenario were analysed in 
detail, since the validation of ADMS-BART was the main motive for 

the tests in the virtual environment and not the behavioural 

analysis.  

 
6.2 Conclusions and recommendations of experiments in real 

environment 

 

Conclusion 12: The presence of smoke has a significant influence 

on exit choice. 
- Evacuees are more likely to evacuate via the nearest fire 

exit if smoke blocks the route to the main exit. 

- Smoke has a negative influence on the opinion of ease of 

wayfinding by participants who evacuated via the main exit.  

 

Recommendation 12: Measures should be taken to 
persuade occupants to evacuate via the nearest fire exit, 

because a considerable number of the occupants (31%) 

evacuated towards the main exit even when the route was 

blocked by smoke. In a real fire situation, this behaviour 
may have harmed people.  

 

Conclusion 13: There is sufficient evidence to conclude that the 

low location of exit signs has a positive effect on the use of the 

nearest fire exit. 



- Evacuees who make use of exit signs are more likely to 

evacuate via the nearest fire exit if the exit signs are placed 

at a low level. 

- In the scenarios wherein smoke was present the use of exit 

signs was significantly more effective when they were 
located at floor level.  

- The influence of the use of high-placed exit signs is 

significantly stronger when no smoke is perceptible. 

 

Recommendation 13: Additional research on the 
effectiveness of low-placed exit signs in various situations is 

recommended, as it may be a possible measure to persuade 

occupants to evacuate via the nearest fire exit. 

 
Conclusion 14: If no smoke is perceptible, people deviate by a 

significantly longer distance than if smoke is perceptible. Route 

deviation is assumed to be an indication of wayfinding confusion.  

- Evacuees are likely to show turning behaviour, as about 

20% of the participants did in all of the three separate 

scenarios. 
- In a situation where no signs of a real fire are perceived 

(other than the fire alarm message), occupants hesitate to 

use a fire exit and are likely to deviate by turning to use the 

familiar ‘normal exit’. 
- The route deviation by turning in a smoky situation 

generally leads to evacuation via the nearest fire exit. 

 

Recommendation 14: More emphasis should be placed on 

creating a clear evacuation situation, because in a non-
smoky situation, wayfinding can be confusing, and 

occupants hesitate to use the nearest fire exit. Additional 

research is needed to investigate the rationale for this 

hesitating behaviour and to determine possible cues that 

will convince occupants of the need to use the fire exit. The 

use of the fire exit is needed even when signs of fire, such 
as smoke, are not perceptible in the near surrounding, as 

smoke may be present in the following part of the chosen 

route.  

 
Conclusion 15: Prior knowledge of the surroundings, including 

knowledge of the location of the nearest fire exit from prior 

inspection or use of an escape route map, leads to significantly 

more frequent use of the nearest fire exit. The prior knowledge of 



a person who has had BET training has no strong influence on exit 

choice in a fire evacuation. 

 

Recommendation 15:  More emphasis should be placed 

on the use of escape route maps; for example, by giving 
information about the escape route map when guests check 

in for a hotel stay. Training in fire safety (for example, 

becoming familiar with the route to the nearest fire exit) is 

also an effective means of increasing the use of fire exits. 

Further research is needed to explore the effect of fire 
safety training on wayfinding behaviour.  

 

Conclusion 16: Assumptions in Dutch legislation on walking 

behaviour are not consistent with the findings in the experimental 
research. The experimental findings on walking speed and walking 

distance revealed the following: 

- The walking speed in the experiments (i.e., about 0.9 m/s) 

complied with the walking speed given in Dutch legislation 

(i.e., 0.83 m/s). However, 42% of the participants in the 

experiments walked slower than 0.83 m/s. 
- A walking speed of 1 m/s is needed to walk the accepted 30 

meters in 30 seconds in an assembly building, such as a 

nightclub, with a high occupancy density of 0.77 to 2 

persons per m2. In the experiments, 60% of participants 
walked slower than 1 m/s, and the hotel wing had a low 

occupancy density. 

- A walking speed of 2 m/s is needed to walk the accepted 60 

meters in 30 seconds in new shop buildings with a low 

occupancy density of 0.05 persons per m2. Only 6% walked 
2 m/s in the hotel wing with a low occupancy density. 

Moreover, this was the fastest measured walking speed. 

- Regulations assume that occupants walk the shortest route 

in emergencies. In the scenario without perceptible smoke 

70% of the participants did not evacuate via the shortest 

route, and in the scenarios with perceptible smoke 
approximately 35% did not take the shortest route. Thus, it 

is expected that breathing problems will arise if the shortest 

route to a fire door is close to the accepted 30 meters for 

several occupancies, or 60 meters for new shop buildings.  
 

Recommendation 16: The recommendation is to 

reconsider the assumptions on walking speed and walking 

distance in the Dutch legislation. 

 



Conclusion 17: The suitability of questionnaires and interviews 

after a fire evacuation is disputable when they are used as 

methods for research on human behaviour in fire, given that some 

participants recalled instructions that had not been given, or 

declared to have seen smoke in the scenario without smoke. 
 

Recommendation 17: The recommendation is to interpret 

evacuees’ responses carefully, particularly if these methods 

are used to evaluate real fire incidents some time after the 

actual event. Other recommendations include using 
techniques to eliminate unreliable accounts by fire 

survivors, using real-time observations of people's 

behaviour during evacuation (for example, by evaluating 

video recordings during a real fire evacuation), and using 
serious gaming.  

 

6.3 Conclusions and recommendations of the experiments in 

the virtual environment 

 

Conclusion 18: The illumination level had a significant influence 
on the exit choice. 

- Evacuees were more likely to evacuate via the nearest fire 

exit if the illumination level was at the normal level. 

- A low illumination level is assumed to increase the sense of 
haste, though it does not lead to a faster evacuation or to 

significantly more likely use of the nearest fire exit. 

 

Recommendation 18: The recommendation is to 

reconsider the requirements in existing regulations that 
currently suggest a low illumination level in case of 

emergencies. 

 

Conclusion 19: Illuminated exit signs are a possible measure to 

persuade occupants to evacuate via the nearest fire exit in a 

situation with a low illumination level. The use of exit signs is 
namely significantly effective in the reduced lighting scenario. On 

the contrary, based on the significantly longer route deviation, it 

was found that wayfinding was confusing in the scenario with the 

low illumination level. 
 

Recommendation 19: The recommendation is to conduct 

additional research on the effectiveness of route signage 

designed in contrast with the environmental situation.  

 



Conclusion 20: In the smoke scenario, participants who 

evacuated via the nearest exit were significantly younger than the 

participants who evacuated via another exit. Other assessed profile 

aspects, such as gender and education level, did not influence exit 

choice. 
 

6.4 Conclusions of the comparison of findings in literature and 

in the experiments 

 

Conclusion 21: The experimental findings were compared to 
findings in the literature. The experimental findings confirmed the 

following findings in literature: 

- Smoke has a negative influence on wayfinding performance. 

Thus this negative influence of smoke should be considered 
in evacuation time calculations. 

- People with strong social bonds will show affiliative 

behaviour, such as knocking on the doors of friends and 

relatives. Thus the influence of affiliative behaviour should 

be considered in evacuation time calculations. 

 
The experimental findings suggest that the following aspects of 

wayfinding are not yet fully understood or addressed in the 

literature: 

- Contrary to the findings in literature, many participants in 
the experiments claimed that they made use of the exit 

signs, although one-third of the participants in the smoke 

scenario did not follow instructions on the exit signs. 

- The findings on movement times may indicate that the 

sense of emergency is higher when smoke is visible. 
Nevertheless, this assumption is not supported by the 

results of the participants’ answers in the questionnaire. 

 

Recommendation 21: Fire safety regulations and 

calculations should incorporate findings on fire safety 

psychonomics, such as the findings of a negative influence 
of smoke on wayfinding performance and of the effect of 

affiliative behaviour on fire response performance. 

Additionally, more research should be carried out on fire 

safety psychonomics, and particularly on perceptions of the 
situation and surroundings and on behavioural intentions 

and motives.  

 



7. Validation of serious game ADMS-BART 

 

7.1 Synopsis 

 

The new research method that uses serious gaming has been 
developed to obtain insight into evacuation behaviour and the 

effect of the building design on that evacuation behaviour, in 

particular on wayfinding. Moreover, to make sensible use of the 

new research method, it has been validated by comparing the 

results of the tests in the virtual hotel in the serious game ADMS-
BART with results of the same kind of tests in the real hotel. No 

participants tested in the real hotel experiment were also involved 

in the ADMS-BART experiment. 

 
In total, 153 tests in three scenarios were successfully 

accomplished for the validation analysis, namely 83 tests in the 

real hotel and 70 tests in the virtual hotel. In every separate 

experiment scenario, both in the real and in the virtual hotel, at 

least 20 persons took part. To validate ADMS-BART, the results of 

the basic, smoke and low exit sign scenarios in the real hotel were 
compared to the results of the same scenarios in the virtual hotel. 

In the validation study, it is analysed to what extent the results 

concurred. The results consisted of a combination of certain vital 

actions, certain exit choice (main exit, nearest fire exit or other fire 
exit) and certain route choice (total length of the chosen route) per 

scenario. Other results that were studied included the movement 

time and the motivations for the participants’ behaviour.  

 

The validation study consisted of four validation steps: 
- Step 1: Analysis of possible differences in test group  

- Step 2: Analysis of absolute validity  

- Step 3: Analysis of relative validity  

- Step 4: Analysis of possible influence of the level of gaming  

      skills on test results  

 
To justify using ADMS-BART for future experiments, the relative 

validation (step 3) was considered to be more important than the 

absolute validation (step 2). The processes of relative and absolute 

validation were conducted separately for each of the three 
scenarios (basic scenario, smoke scenario and low exit sign 

scenario).  

 



7.2 Conclusions and recommendation of the validation analysis 

 

Conclusion 22: ADMS-BART is not intended as a tool for research 

on the movement speed during fire evacuation, as the measured 

movement speed in the virtual hotel is based on four fixed walking 
velocities (running, walking, crawling, and standing). 

 

Conclusion 23: The use of ADMS-BART can be considered valid as 

a research tool for studying wayfinding behaviour during fire 

evacuation in a non-smoky situation and for studying the influence 
of smoke on wayfinding during fire evacuation. 

 

There is no reason to conclude that the effect of smoke is 

different in the virtual and real environments. There is, 
however, an indication that the effect of the location of the 

exit signs may be different in the virtual and real 

environments. This difference was probably due to an 

inconsistency in the low-exit-sign scenario, as a significant 

difference was found in the exit choices between the two 

test environments. In the virtual environment, it deviated 
from the assumption that if the exit signs were placed at 

floor level (low-exit-sign scenario) more participants would 

evacuate via the nearest fire exit than if the exit signs were 

placed at ceiling level (smoke scenario).   
  

Recommendation 23: To confirm the validity of ADMS-

BART, it is recommended to conduct the tests with the 

serious game for a second time in the low exit sign 

scenario. When the results of the reiterated tests are 
analysed, special attention is recommended in the analysis 

of the influences of the four variables of the participants’ 

motivations and perception that were correlated with exit 

choice in the real environment but not in the virtual 

environment, namely: 

- Consideration of the safest route  
- Presence or absence of use of exit signs  

- Prior inspection of the escape route 

- Sense of emergency 

 
Conclusion 24: ADMS-BART can be considered suitable for 

participants with a high level of game control skills and for 

participants with a low level of game control skills. 

 



Conclusion 25: Evidently, experimental research in the virtual 

setting of ADMS-BART is more convincing for participants than 

experimental research in a real-world setting, as some vital 

emotions, namely the sense of emergency, the sense of haste and 

the sense of stress, are significantly stronger in the tests in the 
virtual environment compared to the tests in the real environment. 

Additionally, there is no reason to assume that the behavioural 

levels in the virtual environment would be more optimistic than the 

behaviour levels in a real environment. 

 

 
 


