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Abstract 
 
This paper presents the validation of the evacuation 3D simulator known as Everscape against the conventional 
Stated Preference data collection methods. Everscape was developed under the cooperation of TU Delft and the 
Tokyo institute for the inference of the behaviour in case of a disaster. It seems that people behave much alike 
the human interactions observed in such situations and that unobserved features where able to be captured. 
However, as it is a rather new method its validity is still in question. This paper presents the comparison of the 
two data collection methods (Simulator and Stated Preference). The comparison is based on two statistically 
identical samples for which the decisions taken are investigated. The research concludes that at least for the 
statistically identical samples examined the results are statistically the same. Conclusions are drawn for the 
benefits of using such a tool against the conventional Stated Preference data collection methods.  
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Περίληψη 
 
Το παρών άρθρο παρουσιάζει τον έλεγχο εγκυρότητας του 3D εξομοιωτή συλλογής δεδομένων Everscape για 
την εκκένωση περιοχών κατά την διάρκεια καταστροφών έναντι των συμβατικών μεθόδων συλλογής δεδομένων 
δηλωμένων προτιμήσεων. Το Everscape αναπτύχθηκε υπό την συνεργασία του TU Delft και του Tokyo Institute 
για την εξαγωγή συμπερασμάτων συμπεριφορικού περιεχομένου σε περίπτωση καταστροφών. Τα αποτελέσματα 
της έρευνας δείχνουν ότι οι άνθρωποι αντιδρούν στον εξομοιωτή όπως θα αντιδρούσαν και στην 
πραγματικότητα και ότι καταγράφονται ορισμένα συμπεριφορικά χαρακτηριστικά που δεν είναι δυνατόν να 
παρατηρηθούν με τις συμβατικές μεθόδους. Τα αποτελέσματα του ελέγχου εγκυρότητας παρουσιάζονται για την 
σύγκριση των δύο μεθόδων συλλογής δεδομένων – εξομοιωτής και έρευνα δηλωμένων προτιμήσεων. Η 
σύγκριση βασίζεται σε δύο στατιστικά όμοια δείγματα για τα οποία συγκρίνονται οι βασικές επιλογές που 
πραγματοποιήσαν στις έρευνες. Συμπερασματικά, παρουσιάζεται ότι για στατιστικά όμοια δείγματα οι επιλογές 
είναι στατιστικά όμοιες με την χρήση του εξομοιωτή να έχει πολλά πλεονεκτήματα.  
 
Keywords: Εκκένωση περιοχών, Εξομοιωτής, Everscape, Ασφάλεια Εκκένωσης Περιοχών, Έλεγχος Εγκυρότητας 
 

1. Introduction 

 
In case of an evacuation from a natural disaster, people are exposed to unpredictable 
situations which influence their evacuation decisions (Alsnih et al., 2005). Most people have 
limited or no experience and behave in a different way than they do in their everyday life 
(Blanchard and Dosa, 2009) making knowledge of this behaviour crucial for efficient 
evacuation instructions. Existing data collection methods have limitations especially in the 
case of studying evacuation (Van den Berg et al., 2012) prompting new data collection 
methods to be required. The department of Transport and Planning of TU Delft, together with 
the National Institute of Informatics (Tokyo, Japan) are developing a new Stated Preference 



 

- 2 - 

data collection method for research on travel choice behaviour in such situations. This new 
data collection method, called Everscape, is a 3D multi-user virtual environment simulator in 
which up to 100 people can participate at the same time (Van den Berg et al., 2012). 

Everscape is based on an evacuation scenario that takes place on virtual island where people 
gather for a concert. During the concert, an earthquake strikes, causing a tsunami. Participants 
have to find a way to evacuate due to the tsunami heading towards the island. All their 
movements, events and conversations are recorded to understand individuals’ reactions 
throughout the evacuation procedure and analyse travel choice behaviour. This environment 
has been tested in three pilot studies that where conducted during the TRB annual meeting 
and during a Dutch conference called PLATOS 2012 (Van den Berg et al., 2012). 

In the scientific literature there is a lack of validation of such simulators with the exception of 
the work undertaken by Bonsall et al. (1994, 1997) which concluded that if simulators are 
designed carefully the results can be “indistinguishable from those observed in real life”. 
Although the research by Bonsall et al. (1994, 1997) on simulations gives an impression of 
the validity of simulators, there is a need to investigate the validity of Everscape as it is a new 
method for data collection in this field and its validity still has to be proven against the 
traditional data collection methods. For this reason, a web-based Stated Preference research is 
conducted that resembles the Everscape scenario. The goal of this research is to find out if 
Everscape is a valid tool for data collection on travel behaviour in case of evacuation from a 
tsunami. 

This paper begins by presenting the related work on Data Collection Methods and the 
comparison between different the methods. Related work is followed by a short presentation 
of Everscape and the methodology for testing the validity of it. Finally the results 
accompanied with a discussion.   

 

2. Related Work 

 
2.1 Data Collection Methods 

Two data collection methods are widely used in order to determine travel choice behaviour: 
Stated Preference (SP) -or Stated Choice- method and the Revealed Preference (RP) -or 
Revealed Choice- method. Concerning evacuation, there are numerous surveys that are 
conducted by both RP and SP methods (see e.g. Baker, 1991; Tong and Canter, 1985; 
Whitehead et al., 2000). As Train (2003) states, revealed preference data is related to peoples’ 
actual choices in real-world while SP presents hypothetical choice situations. For both types 
of data collection a long debate took place about the ability to acquire valid data and on to 
what extent they can reproduce the actual peoples’ behaviour and be used to draw conclusions 
for further planning (Audirac, 1999; Hensher, 1994). However, their usability has long 
overcome this debate.  

For situations that happen rarely (for example hazardous situations), it is doubtful if people 
act as they answer (Van den Berg et al., 2012). Furthermore, some transportation planners 
have argued that choices taken that are recorded on revealed preference survey do not imply 
the same behaviour to conditions other than the one exposed (Audirac, 1999; Train, 2003). RP 
has been used to understand evacuation behaviour.   
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SP methods receives criticism due to their reference to a non-experienced situation and as a 
consequence possibly not well defined by the researcher (Audirac, 1999). On the other hand 
there is the advantage that researchers control the situation presented including subjects that 
they want to be analysed (Van den Berg et al., 2012; Louviere et al., 2000). With all the 
advantages and disadvantages the SP method is widely used in transport research (Hensher, 
1994). For the SP methods the reference literature is considered to be the (Louviere et al., 
2000). Research focuses lately on the determination of the methods to make data collection 
more efficient and better represent reality (Street et al., 2005; Bliemer et al., 2009; Rose et al., 
2008).  

The evolution of computer technologies brought the idea of development of 3D virtual 
environments (Zyda et al., 1992). Many researchers have referred to the foreseen usages of 
those environments and moreover to the usage of multiusers low cost environments where 
people could interact (Codella et al., 1992; Zyda et al., 1992). Zyda et al. (1992) asserted that 
this kind of environments could be used for training, planning, gaming and it can also be used 
for researches which may get in danger the physical player or that are very expensive. It is 
well understandable that in psychological research there are some characteristics that cannot 
be studied by conventional SP or RP due to the fact that people do not always understand or 
think their actions (Rusch, 2012). Some of those examples could be the way people drive 
(accelerate decelerate) concerning their environmental impact (Prendinger et al., 2011), route 
choice (Bonsall et al., 1994), parking choices (Bonsall and Palmer, 2004).  

On a rather different context, however giving a fair impression of the impact such a tool could 
have in research, Heinrichs et al. (2008) presented a case study for online clinical training 
where crisis on medical and environmental level are introduced while dealing with patients. In 
this particular research, it was observed that even though it was a virtual environment, 
trainees were anxious as they did not want to lose a patient making the situation seem realistic 
concluding that training and assessment are feasible using virtual environments.  

Generally, simulators can be used in psychology research on subjects that people are not very 
aware of how they react. Simulators are one of the most promising ways of research to 
overcome the frontiers on studying this kind of behaviour, making Everscape one of the most 
promising tools for studying evacuation. 

2.2 Validation 

As pointed out by Richardson et al. (1995) new survey ideas require validation in the context 
of empirical data. Blana (1996) describes that the validation of a driving simulator is a rather 
complicated and difficult task. The definition itself is not standardised, with researchers 
pointing out various different aspects such as its ability to measure what it is supposed to 
measure (Gleitman, 1991), or the extent to which a simulator reproduces a behavioural 
environment (Allen et al., 1979). 

Many categorizations has been proposed for the validity of simulators. Starting with the 
different simulator component validity the criteria-related validity, content-related validity, 
and construct-related validity are proposed (Blana, 1996). Kaptein et al. (1996) on the other 
hand present the categorization of absolute and relative validity as well as internal and 
external.  

The criteria-related validity is based on the definitions of criteria which will be used for 
indicating the accuracy of the prediction of the simulator. Content- related validity is referring 
to the representative character of the sample. Construct-related validity is mainly referring to 
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the validity of the test to measure the attributes it is supposed to measure. In other words, 
criteria- related validity determines the suitability of the tests to be used to validate a 
simulator, content-related validity determines the suitability of the experimental context to 
obtain a valid representation of the real situation and construct-related validity indicates if the 
design of the experiment is suitable for measuring the attributes required.  

Absolute and relative validity is related to the way a simulator represent behavioural 
responses compared to the reality. Relative validity might indicate validity of a ranking of 
different policies, while absolute validity refers to the comparison of the size of the impact. 
On the other hand internal validity refers to the validity of the results concerning the 
experiment design. If the experiment design is efficiently created the simulator represents the 
reality and individuals’ reactions are not related to the experiment. On the other hand, the 
external validity refers to the ability to make generalizations to other individuals.  

Most researchers on validation methodology point out the fact that a simulator needs to be 
validated on both behavioural and physical level (Blana, 1996). According to Blana (1996) 
the most representative methodology for accessing the validation is provided by (Leonard and 
Wierwille, 1975) presented in the Figure 1. This methodology starts by defining the validation 
approach, the objectives and the variables to be used, and uses statistical test for obtaining 
results and analysing them.  

1. Validation Approach

2. Validation Objectives

3. Independent Variables

4. Dependent Variables

5. Type of statistics tests

6. Analysis of the results
 

Figure 1: The six step validation approach (Leonard and Wierwille, 1975) 

The closest work to this study has been conducted by Bonsall et al. (1997), who suggest that 
in the context of a simulator the validation can be approached in three ways: 

1) The simulator should represents the situation as it would be in the real life  
2) The models produced by the simulation data should not be significantly different from 

models in the real life  
3) The decisions should be the same as those made by a same sample in real life. 

The above described approach by (Bonsall et al., 1997) could be mainly applicable for 
Revealed Preference choice as it suggests the comparison of the real life situation. In a case of 
an event such as evacuation however it is rather impossible to test real life route choice 
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behaviour as disasters only take place rarely and an emergency situation is very difficult to be 
represented in the extend of representing real life behaviour.  

Another example of simulation validation is presented by McAvoy et al. (2007), who 
conducted experiments to ascertain the validity of a driving simulator for traffic control 
devices during night time maintenance of road’s segments. The methodology was to conduct 
a field test and a simulation representing the situation of the field test and compare the speed 
data. In order to generalize the results of the simulator study the significance of difference for 
the gender between the population and the sample was tested. For the comparison of the speed 
data from the two studies statistical test were performed. The results partially ascertained the 
validity of the simulator as significant differences were in some cases due to the difference in 
perceived risk in the two situations.    

2.3 Everscape 

The environment in which the experiment takes place is a small unpopulated island on which 
there is transport infrastructure an open music concerts area and some villas where people can 
live. The only way to reach the island is by helicopter to a helicopter landing site (helipad). 

 
    (a) Everscapes’ island map presenting                   (b) Concert scene from individuals’ perspective,  
               evacuation routes 

Figure 2: Everscapes’ environment (Van den Berg et al., 2012) 

 

The experiment is based on the fact that a group of people are transferred to the unpopulated 
island by helicopter to attend a concert (Figure 2a). After they land at the helipad, they have 
to drive to the concert area (Figure 2b). If some participants do not reach the concert area in 
time they are teleported to it. In the concert area, people listen to the live concert, when 
unexpectedly an earth- quake strikes. During the earthquake the ground shakes accompanied 
with earthquake sounds while some devices on the concert stage start to collapse. During the 
earthquake participants are free to move under the effect of instability, imitating real 
earthquakes movement. After the earthquake a news item is presented to the participants 
giving information on a tsunami that was heading towards the island and the imperative need 
to evacuate the island by reaching the helipad, in a specific time that is presented as a 
countdown during the evacuation process. In the first experiment people could not move 
during the news item due to a fact that it was presented in full screen disabling characters’ 
control. However, in a latest version this was changed and people could leave the concert area 
or even evacuate without seeing the items news item but just listening to it depending on their 
distance from the concert stage. In order to evacuate the island by reaching the helipad 
location three options with different characteristics were given to participants:  
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 Mountain Route (Long Route)  

 Beach Route (Short Route)  

 Train  

As presented on the map (Figure 2a) of the news item the short route is the first to be affected 
by the tsunami as it is closer to the strike point so those who choose the beach route have to 
be quick. Furthermore, there is a critical point on this route which is a bridge that is ready to 
collapse and do so after some cars pass. The mountain route is longer which means more 
driving time to reach the helipad. In both situations participants have to take into 
consideration interaction with other participants. Finally, the train has a standard departure 
time frame without however giving any indication on the arrival time to the helipad.  

Apart from the bridge collapse there is another unforeseen events that some of the users have 
to face: The train has a certain capacity of people that are allowed to enter the train meaning 
that if there are more people who want to use the train than capacity those who are last have 
to find another way if they want to evacuate.  

 

3. Research Methodology 

 

Starting by the fact that is not even nearly possible to create a real life experiment, the 
validation has to be based on other way of acquiring data. As a disaster under the conditions 
introduce by Everscape has never taken place (during the deathly tsunami no information was 
available) the only way to validate such a simulator is to compare the results from Everscape 
to those of a SP survey. For that reason an experiment was designed to reproduce the situation 
imposed by Everscape.  

The reproduction of the Everscape scenario is based on a behavioural framework presented in 
Figure 3 which introduces the different phases of a hazardous event concerning evacuation 
mainly during the pre-impact and impact phase (adopted by Leach and Campling, 1994).  The 
criterion on which Everscape is validated is the mode choice using statistical tests. In order to 
rather safely assume that the context in the two compared experiments is the same, the 
samples are also tested and stratified. 

Arrival

Driving to the 
concert

Waiting / 
Listening to the 

music/ chat

announcement

Earthquake

Reaction: Wait, 
move, paralysis. 

Hyperaction 

Mode and 
Route Choice

Incident
Bridge, Full PT

Evacuation

Yes

No

 

Figure 3: Behavioural framework for evacuation 
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3.1 Experiment Design 

A questionnaire was designed based on the principles of SP survey. The questionnaire was 
divided in four sections. The first part included the personal information concerning 
participants. The second part is the description and the basic questions based on Everscape 
while the third part is the part where scenarios are presented based on evacuation choices 
differences.  

Concerning the personal characteristics for the purposes of this research, there are some 
particular characteristics that are most important in evacuation and were part of the Everscape 
research. After the brief exploration the characteristics depicted are:   

 Age  

 Gender 

 Nationality 

 Education 

 Drivers Licence 

 Disaster Experience 

 Evacuation Experience 

In the third part there were three important questions which are the basis for the comparison 
of the two surveys. The first one is the reaction to the earthquake, the second one is the mode 
choice individuals would choose in order to evacuate and the third one is the reaction in case 
of full train. It has to be noted that the earthquake itself could be considered by some as a 
disaster because people may feel that they can be directly affected by its consequences. This 
gives people the incentive to think of reacting. In this particular research however, there is 
one larger and more eminent disaster which follows allowing for the earthquake to be 
characterized as a threat.  

In the questionnaire, respondents would see or not see a map presented when choosing route 
and mode of evacuation. This represents the conditions in Everscape. The news item that 
shows the detailed map is only visible on the large screen in the concert area. If someone is 
running away from the concert area then there is not possible to return and watch the screen. 
Those are people who just receive information by speakers in Everscape model and, in case of 
the questionnaire, written information (without a map).  

Concerning the route and mode choice the same information (attribute levels) was provided, 
as in Everscape, Respondents had to evaluate and choice among the above-mentioned 
alternatives. In order to acquire more data and accommodate future alternative scenarios in 
Everscape, a two-level orthogonal design was derived for scenarios. The attributes included 
are those presented as information in Everscape (Table 1).  

Table 1: Attributes and levels of the SP survey 
Attributes Levels 

Mountain Route Distance 2km / 4km  

Beach Route Distance 1.5 km / 3km 

Train Departure 1.15 min / 2.3 min 

Available time for evacuation 2.25 min / 4.5 min 
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The questionnaire was web-based and created using the open source tool LimeSurvey 
(www.limesurvey.org). For integrity reasons it was uploaded on TU Delft servers. Its duration 
was 8 to 10 minutes. Its dissemination took place by the TU Delft transport department to its 
webpage and mailing list, Dispuut Verkeer (MSc student organization) and some LinkedIn 
transport related groups (Mobility & Traffic Psychology etc.). A lottery was established for 
people who wanted to participate with a 15 gift card for Amazon as the prize. 

 

4. Results 

 
4.1 Survey Descriptive Statistics 

The survey was available to be completed for a period of 4 months (July 2012- October 
2012). In the beginning a pilot survey was conducted with 10 interviewees who were not used 
as part of the final sample. The pilot was necessary to test the operability of the questionnaire 
and improve questions in case of unclearness in phrasing. The total responses were 101 while 
76 were completed and considered valid. The average time participants spent to complete the 
survey was 7 minutes and 15 seconds slightly less than the indicated time. The characteristics 
of the survey respondents are presented in Table 2.  

Table 2: Characteristics of survey respondents 
 

 Frequencies 
Completed participations 76 
Average age 32.9  
Age- standard deviation 11.72 
Number of female 32 
Driver’s license 69 
Nationality 40 Dutch, 10 Greek, 5 

Chinese 
Highest level of education 
Completed 

40 Master’s Degree, 19 
Higher Education  

Have experienced disaster 22 
Evacuation experience 6 

 

In the next two tables (Table 3, Table 4) the responses to the critical questions are presented 
for the scenario corresponding to the Everscape scenario. First the response to the reaction 
towards the earthquake is presented, where most respondents answered that they would stay at 
the concert area and in most cases protect themselves. Concerning the route and mode choice 
users it seems that the mountain route using a car is the dominant route and mode choice 
answer for both groups.  
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Table 3: Response to the earthquake 
 

 Frequency Percentage 
Stay where I am 11 14.5 
Wait for other's reactions 6 7.9 
Protect myself by stepping back from the 
concert stage 

39 51.3 

Run away from the concert area 16 21.1 
Other 4 5.3 

 
Table 4: Route and mode choice response 

 
 Group A (map) Group B (no map) 
   

 Frequency Percentage Frequency Percentage
Drive via the Mountain route - Car 21 37.5 8 40.0 
Drive via the Beach route - Car 13 23.2 6 30.0 
Take the train 17 30.4 6 30.0 
Other 5 8.9 0 0 
 

4.2 Validation 

The validation chosen to be implemented is the criteria related validation given a null 
hypothesis that the mode choice of the two samples is the not significantly different given two 
identically distributed samples. The sample comparison of the two samples is presented in 
Table 5.  

Table 5: Sample comparison 
 

 Everscape Results Questionnaire Results 
Age - Average 36.7 32.9 
Nationality 53.2 % Dutch, 19% American 53% Dutch, 13% Greek 
Natural Disaster Experience 27.8% 28.9% 
Percentage of Female 20.2% 42.1% 
Car Choice percentage 65% 69.7% 
Train Choice percentage 32% 30.3% 

 

The procedure started by investigating statistically the sample characteristics and the impact 
those might have to the final choice. A Kruskal- Wallis test (Table 5) was firstly used to 
determine whether the distribution (or median) of the variables tested are the same among the 
different values of one variable for both experiments. The null hypothesis is that the 
distribution is the same. The level of significance used is 0.05. The variables that have a lower 
Asymptotic Significance than the level of significance are considered to contribute to different 
results. Furthermore the two samples were using hypothesis tests. The two experiments were 
examined using Mann- Whitney U test. The level of significance is again 0.05 meaning that 
any resulted significance lower than 0.05 should reject the null hypothesis. The test resulted 
that the age and gender are not the same across the two samples.  
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Table 6: Kruskal- Wallis for sample comparison 
 

 Age Gender Nationality N. Disaster  
Experience 

Earthquake
Experience 

Chi-Square .057 7.613 2.184 12.145 1.421 
Asymp. Sig. .972 .022 .336 .002 .491 

 
Table 7: Mann-Whitney U Test for significance of parameters 

 
 Age Gender Nationality N. Disaster  

Experience 
Earthquake 
Experience 

Mann-Whitney U 1264.0 1456.0 1003.5 1451.0 1450.0

Wilcoxon W 4190.0 4382.0 3929.5 4377.0 2353.0

Z -1.489 -.931 -3.481 -1.073 -1.014

Asymp. Sig. (2-
tailed) 

.136 .352 .000 .283 .311

 

Given the fact that the test indicate significant for determining the mode distribution the 
gender and the Natural Disaster experience (Table 6), the stratification of the samples was 
decided by eliminating one of the pilot studies. This was decided as well based on the fact that 
this pilot study was implemented in a slightly different context which might have an affect in 
the chosen mode.   

The narrowing of the Everscape sample led to 4 variables sharing the same distribution 
among the two different samples while the null hypothesis for nationality had to be rejected. 
As it seems the two samples can be considered the same using a significance level of 0.05 and 
excluding the nationality as a characteristic of the sample. The final question that needs to be 
answered is whether the results are the same across those two researches. Again, a Mann-
Whitney U is used. The results are presented in Table VIII and guide to the conclusion that 
the two experiments yield statistically same results for a significance level of 0.05.   

 
Table 8: Mann-Whitney U Test for results comparison 

 
Total N 118 
Mann Whitney U 1653500 
Wilcoxon W 2556.5 
Test Statistic 1653.5 
Standard Error 152.234 
Standardized Test Statistic 0.378 
Asymptotic (Sig. 2 sided test) 0.706 

 

4. Conclusion 

After conducting the required tests the two samples were compared and the basic result 
chosen to use was compared as well. The results of those comparisons lead to the conclusion 
that the null hypothesis of the research can be retained. The two experimental tools lead to 
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statistically similar results. This paper proved that the 3D multi-user virtual environment 
Everscape is a statistically valid data collection tool in case of studying evacuation. Using 
hypothesis tests, the independent samples and the mode choice from the two researches 
(Everscape Web-based SP survey) are comparable. Throughout this research it became clear 
that the using a virtual environment for conducting research can offer much more 
opportunities for the understanding of peoples travel choice behaviour and still be a valid data 
collection tool. Critical issues, such as the decision time, following patterns and the 
emergency of such a situation could not be communicated to the interviewees through the 
web- based SP survey due to the format of the web-based SP survey. Some decisions in 
emergency situation are taken reflexively by people (Leach, 1994) (for example follow other 
participants) and most times they cannot be expressed as answers to specific questions. 
Collective behaviour however has been proven not to affect the mode choice people use to 
evacuate. As one of the main advantages of the Everscape is that it can accommodate up to 
100 participants together who interact the collective behaviour could be tested against the 
web- based SP survey where collective behaviour is not addressed. Concluding it is rather 
obvious that there are opportunities in data collection by using tools such as Everscape on 
matters that cannot be easily represented without use virtual environment. However, due to 
the fact that the sample used is affecting the outcome of the research in case of evacuation 
more comparisons should take place in different scenario cases. 
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