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Abstract. Past studies suggest that people are often reluctant to use occupant evacu-
ation elevators in case of fire. However, existing research is scarce and current knowl-
edge is based on questionnaire studies and laboratory experiments. An unannounced
evacuation experiment was therefore performed on the 16th floor of a 35-floor high-
rise hotel building. Sixty-seven participants took part and eye-tracking glasses were
used to collect data on exit choice and eye fixations. Three different scenarios were
studied, including two different hotel room locations on the floor and a variation of
guidance system for one of these locations, i.e., flashing green lights next to the evac-
uation sign at the elevators. Results suggest that people typically choose the elevator
for evacuation, even if their hotel room was located closer to the evacuation stair.
Flashing green lights next to an evacuation sign made people look more at this sign.
However, in spite of looking more at the sign, the flashing light was not shown to
significantly improve compliance with the sign. Also, the results suggest that a detec-
tor activated self-closing fire door without vision panels to the elevator lobby made it
more difficult to find the evacuation elevators in an emergency.
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1. Introduction

Society is facing new challenges in the built environment as urban populations
grow. The growth of urban populations has recently been declared as one of the
Societal Grand Challenges of fire safety science by the International Association
of Fire Safety Science (IAFSS) [1]. IAFSS acknowledges that both the increase in
urban population and the demographics of that population have changed dramat-
ically in recent years and will keep changing in the future, which will affect the fire
safety needs of society.

The number of high-rise buildings around the world are undoubtedly increas-
ing. The seven tallest buildings in the world were all built in the last decade [2]
and there are more than 25 buildings with a planned building heights over 400 m
currently under construction [3]. At the same time, people over 65 years is the
fastest growing population group [4]. These developments demand a review of
evacuation procedures for high-rise buildings [1, 5].

Although several studies have shown increased evacuation efficiency for occu-
pant evacuation elevators (OEEs) compared to stairs [6—10], there is still a reluc-
tance to incorporate OEEs in evacuation designs. This is likely connected to the
difficulties in predicting human behaviour in an evacuation with such elevators
[11]. Currently, guidance on how to address human decision making in these evac-
uation scenarios is lacking. The prediction of evacuation behaviour in a building
with OEEs is complicated by (1) the recommendations in “regular’ buildings that
elevators should not be used in case of fire, and (2) the Theory of Affiliation pos-
tulating that people tend to exit a building using familiar routes [12], which is
often the elevator.

Previous studies show a relatively low acceptance of the elevator as an escape
route, but also indicate that the willingness to use elevators for evacuation increa-
ses higher up in the building [13-15]. These different studies were all based on
questionnaires and hypothetical fire scenarios, but they show large differences in
the correlations derived between the willingness to use an OEE and the building
floor. More recent studies carried out in Virtual Reality (VR) indicate an
increased willingness to use evacuation elevators than predicted in the question-
naire studies, and also that this willingness can be further increased when green
flashing lights are used to re-enforce the OEE evacuation signage [16]. These
results are consistent with previous research on the effects of green flashing lights
at emergency exits in other situations, which has suggested that flashing lights
next to emergency exit signs are effective at influencing route choice by making
people notice the signs and in addition, the colour green has a positive cognitive
interpretation as it is associated with safety [17, 18]. It should be noted that other
factors have been suggested to affect the willingness to use an OEE, e.g., move-
ment impairments [19] and culture [13]. Also, the effects of body mass index and
age on the willingness to use an OEE have been investigated [13].

The use of eye-tracking technology to better understand and investigate human
behaviour has increased in recent years [20]. This technology allows researchers
(and others) to explore where people look and use this data to investigate beha-
viours, e.g., the time needed for people to acquire certain visual information [21].



Unannounced Evacuation Experiment in a High-Rise Hotel Building 1261
with Evacuation Elevators

Research on eye movement and attention has shown that the eye movement have
a central role in how attention shifts [22] and that the attention in turn is a key
component in decision-making [23]. Thus, eye tracking can provide valuable
insight into human visual perception and has been applied in several different
research fields, e.g., the effects of training on inspection of aircrafts [24], how the
eye movements when driving are affected by talking on a cell phone [25], or to
study user behaviour connected to Internet searches [26]. In fire research, eye-
tracking technology has been identified as a useful tool to investigate the beha-
viour during an evacuation [27] and some evacuation studies using eye-tracking
has been performed, e.g., investigation of the location of evacuation signage in
buildings [28, 29]. However, more thorough studies applying eye-tracking technol-
ogy in evacuation research are still scarce.

The differences in results of past studies on elevator evacuation emphasises the
need for field studies. Similarly, eye-tracking studies for unannounced evacuations
are rare. For this reason, a study was initiated in a building where elevator evacu-
ation was a part of the evacuation design. The objectives of the study are to:

1. explore evacuation behaviour in a building with OEEs,

2. investigate the influence of green flashing lights at emergency exit signs on exit
choice,

3. use eye-tracking data to explore the decision-making process in an evacuation,

It is important to note that exit choice connected to elevator evacuation is likely
affected by the elevator waiting times, i.e., if waiting times are too long people
may reconsider their choice of exit. Thus, the willingness to use OEEs can be con-
sidered as a combination of the initial exit choice and accepted waiting time. In
this study, only the initial exit choice was studied.

2. Method

Unannounced evacuation experiments with partially informed participants were
performed in a high-rise hotel building, i.e., the experiments involved initial decep-
tion about the true purpose of the research. The participants took part individu-
ally and the experiment was not repeated, i.e., each participant did the experiment
once. Data was collected using eye-tracking glasses and observations were made
by researchers in adjacent hotel rooms. The experiment setting, eye-tracking
equipment, studied scenarios, participants, and the procedure are described below.

2.1. Experiment Setting

The experiment was performed in a high-rise building in Sweden. The building is
35 floors with mixed occupancy, i.e., hotel and office use. The briefing before and
after the experiment was given at the ground floor, but the evacuation part of the
experiment was performed on the 16th floor. This is one of the hotel floors as the
hotel occupies all floors between the ground floor and the 22nd floor, and the
office part of the building occupies the 23rd to the 33rd floor. The top two floors
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in the building houses a sky bar connected to the hotel. The reason that the 16th
floor was chosen was to enable comparisons to the VR-study mentioned in the
introduction [16].

At the experiment floor, evacuation is possible via an evacuation staircase or
via six OEEs. The staircase is reachable through a fire protected compartment, i.e.
two fire doors need to be passed from the corridor to reach the stairs. One of the
elevators is a fire-fighter elevator and is possible to enter/exit both towards the
hotel lobby and directly to the hotel corridor. A floor plan can be seen in Fig. 1.
Both the staircase and the elevator lobby discharge directly to the outside on the
ground floor.

The elevator lobby is designed as a separate fire compartment and the double
door separating the lobby from the corridor is a self-closing fire door. However,
this door was held open by a magnet before the alarm went off, i.e., the door was
open when the participants arrived at the floor but closed when the alarm was
activated. The difference in the appearance of the corridor with the door open/-
closed can be seen in Fig. 2. In this figure, there is an evacuation sign in the corri-
dor with an elevator evacuation sign (closest to the camera) and a regular sign
pointing towards the staircase at the end of the corridor (further away). Also note
the fluorescent sign on the lobby door that is visible once the door is closed.

The building was also equipped with a voice evacuation alarm with a message
in both Swedish and English containing the same information. The English mes-
sage was:

Attention please, attention please. There is a fire in the building. Evac-
uate immediately to nearest emergency exit. The lifts can be used as an
emergency exit in the building.

In addition to the evacuation signage and the evacuation alarm, the inside of
the hotel room doors was equipped with an evacuation plan and a safety bro-
chure. An information sign was placed in the elevator lobby. The evacuation plan
showed the floor plan with the OEEs and evacuation staircase highlighted in green
and it gave a short explanation of the evacuation strategy, e.g., that the elevators
could be used for evacuation. The same information was given in the safety bro-
chure. The information sign in the elevator lobby stated that the space was a safe
area and that one should wait for the elevators. This sign did not light up until
the alarm was activated.

2.2. Eye-Tracking Equipment

Eye-tracking glasses allows researchers to explore what people look at. In this
case, the eye-tracking equipment was used to identify what the participants were
looking at to gather information before and during their evacuation. To obtain
this data, several different techniques can be used. Currently, the most common
method is called pupil centre corneal reflection (PCCR) [30]. This is the method
used by Tobii in their Tobii Pro Glasses 2 [31], which was the equipment used in
the experiments.
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Figure 1. Floor plan of the hotel floor. The two marked rooms (Room
1 and 2) were the ones used in the experiment. The green arrows
indicate the location of the evacuation signs.

Tobii Pro Glasses 2 is a pair of glasses connected to a recording unit. The glas-
ses are equipped with several cameras, both pointed towards the eyes and in the
direction of the gaze. This makes it possible to record the eye position over time
in a dynamic setting. Also, output can be analysed using the software Tobii Pro
Lab [32]. The program allows extraction of detailed data as well as visualization
of the results.

The Tobii equipment and software makes it possible to study the fixations of the
gaze. A fixation can be defined as the situation when the eye movement stabilise,
which is normally assumed to correspond with the desire to maintain the gaze at an
object or area [33]. For the classification of fixation data, a velocity threshold iden-
tification algorithm (I-VT) was applied, i.e., the I-VT Attention filter was used in
Tobii Pro Lab. This filter is recommended when the subject, or the environment, is
in constant movement during the experiment [34], which is expected for most of an
evacuation experiment. However, this will lead to a 10-15% overestimation of the
fixations, instead of an underestimation if the I-VT Fixation filter would be used.
The reason for this is that the velocity threshold, which is the key parameter for fix-
ation classification, is higher in the attention filter (100°/s vs. 30°/s) which will allow
some saccades, i.c., the rapid repositioning of the eyes, to be classified as fixations.
However, with the I-VT Fixation filter, the fixations would be underestimated as
many fixations then would be classified as saccades. Also, short fixations, i.e., fixa-
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Figure 2. The hotel corridor with the double doors to the elevator
lobby open (left) and closed (right). In the right image, the
fluorescent evacuation sign on the elevator lobby door and the
evacuation sign to the staircase at the end of the corridor has been
circled.

tion lengths shorter than 60 ms were discarded from the data as these fixation
length have shown to be too short for the brain to register the information [35].

After the data on fixations have been collected, these fixations were studied by
the researchers in a manual post-processing procedure. The fixations of the partic-
ipants were then displayed as circles layered over a first-person video of the exper-
iment. The researcher could then identify the fixations that were on objects of
interest, e.g., evacuation signage etc. The data for these fixations, e.g., fixation
times, were then collected in an output file to be further analysed by the research-
ers.

2.3. Studied Scenarios

Three different scenarios were studied in the experiment. These were:

e Scenario 1—the participant was in room 1 (see Fig. 1) at the start of the alarm
and no extra evacuation measures than those described above were used,

e Scenario 1-FL—the participant was in room 1 at the start of the alarm, and a
flashing light was attached to the evacuation sign pointing towards the elevator
lobby (Fig. 3).



Unannounced Evacuation Experiment in a High-Rise Hotel Building 1265
with Evacuation Elevators

Figure 3. Flashing light attached to the evacuation sign pointing
towards the elevator lobby.

e Scenario 2—the participant was in room 2 at the start of the alarm and no
flashing lights were attached to the evacuation signage.

Thus, the scenario name is related to the starting room of the participant, with
the addition of the FL for the scenario with added flashing light. The light in Sce-
nario 1-FL flashed with a frequency of 1 Hz which is a frequency based on past
studies [18].

The different scenarios studied were chosen mainly to see if (1) the exit choice
was affected by flashing lights and (2) if the starting position affected the exit
choice. Thus, scenario 1 can be regarded as a base-line scenario and scenario 1-FL
and scenario 2 as comparative scenarios.

2.4. Participants

Sixty-seven persons took part in the experiment, namely 37 women (55%) and 30
men (45%). The participants were recruited through a Swedish website for partici-
pation in research experiments and they were told they would participate in a
hotel design study. The age of the participants ranged from 20 to 71 years old
with an average age of 33.2 years (SD = 11.6 years). All participants were Swed-
ish, except five persons (from Germany, China, Croatia, Poland and the United
States). All participants were given two movie tickets (approximate value of 250
SEK) as reimbursement for their participation. In general, this reimbursement was
given to the participants after they had finished the experiment and completed a
questionnaire. However, the participants were informed that they would receive
the reimbursement even if they decided to terminate the experiment at any time.
Only one of the participants answered that they had trouble walking in stairs (this
was due to knee arthritis) and none of the participants were frequent visitors of
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the building in which the experiments were performed. The participant character-
istics for each scenario is given in Table 1 below.

The number of participants, i.e., the sample size, was mainly determined by the
time provided by the hotel for the experiments. Thus, this sample was not previ-
ously determined by an a priori sample size calculation.

2.5. Procedure

As mentioned above, the participants were recruited through a website for experi-
ment participation. The recruitment information mentioned participation in a
design study focusing on how people perceive hotel rooms.

When the participants arrived at the hotel, a researcher met them in the hotel
lobby, and they were taken to a conference room. The researcher pointed out that
this was a study focusing on hotel room design and the eye-tracking glasses were
put on the participant. To increase the likelihood of the participants keeping the
glasses on, they were told that the equipment was very expensive, and the glasses
were also secured with an extra strap around the head. For participants with the
need of corrective lenses, a range of such was available and able to mount in the
eye tracking glasses. This option was used by a few participants. No participant
used their own glasses under the eye tracking glasses due to the risk of this dis-
turbing the equipment.

Once the participant had been informed about the study, although the true pur-
pose was not revealed, they were asked to sign an informed consent form before
participating in the study. The eye-tracking equipment was then calibrated, the
participants were given a hotel room key, instructed to go to the hotel room and
act as if they had just checked in at the hotel. They were also told that another
researcher would come and fetch them in the hotel room in 10-15 min, and the
experiment would then be terminated. In the instructions, they were also given a
number to call if they wanted to terminate the experiment for any reason. It
should be noted that all participants choose to travel to the 16th floor by elevator
and thus, all participants entered the floor by elevator through the elevator lobby
in Fig. 1.

A few minutes after the participant reached the hotel room, the alarm was acti-
vated and thus the evacuation part of the experiment was initiated. The experi-
ment was terminated when the participant had chosen an escape route, i.e., one of

Table 1
Participant Characteristics for Each Scenario

Participant characteristics

Scenario Women, n (%) Men, n (%) Total, n Mean age Age SD
1 12 (55) 10 (45) 22 32.8 11.1
1—FL 11 (50) 11 (50) 22 31.1 10.6
2 14 (61) 9(39) 23 35.6 133

Total 37 (55) 30 (45) 67 332 11.6
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Figure 4. Time until the participants left the hotel room after the
evacuation alarm was activated. The left Y-axis show number of
participants evacvating each second and the right Y-axis show the
cumvulative proportion of evacuating participants at each time.

the OEEs or the evacuation staircase. For the participants choosing the staircase,
a researcher was waiting in the stairs and for the participants choosing the cleva-
tors, a researcher was waiting in an adjacent hotel room, monitoring the partici-
pant using a tablet connected to the eye-tracking glasses and through the peephole
in the door. When a participant pressed the elevator call button, the researcher in
the hotel room revealed him- or herself and terminated the experiment. The par-
ticipant was informed about the true purpose directly after the experiment and
accompanied the researcher to a conference room at ground level. The researchers
debriefed the participant and made sure that she/he was feeling okay and then
asked her/him to fill out a questionnaire. The questionnaire consisted of back-
ground questions about the participant, e.g., gender and age, and questions about
their evacuation experience, e.g., if they perceived any risks with the exit choice
they made. The data from these questionnaires was later used in the analysis of
the experiment. Finally, the participant was asked to sign the informed consent a
second time to ensure that they approved of the use of the data from the experi-
ment after knowing the true purpose of the study.

It should be noted that the experiment did not include any investigation of
waiting times at OEEs, as a researcher terminated the experiment as soon as the
participant had pressed the elevator call button. The reason for this was primarily
due to the fact that the rest of the building was in normal use and, thus, it would
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Table 2
Description of the Primary Exit Choice of the Participants in Each
Scenario

Exit choice

Staircase, n Elevator from corridor,  Elevator from lobby, Elevator in total,

Scenario (%) n (%) n (%) n (%) Total

1 0 (0) 4(18.2) 18 (81.8) 22 (100) 22

1—FL 1 (4.5 2(9.1) 19 (86.4) 21 (95.5) 22
2(9.1) 5(22.7) 15 (68.2) 20 (90.9) 22

have been possible for evacuees to bump into visitors who were not part of the
experiment in the elevator.

The participants were alone on the hotel floor (except for the researchers moni-
toring the experiment) and did not interact with anyone else during their evacua-
tion. The reason for this is further elaborated in the discussion.

3. Resulis

In this section, the results of the experiments are described. IBM SPSS Statistics
Software [36] was used for statistical testing. The significance level was set to 0.05
for all tests. Eye-tracking data was only collected for 58 of the 67 participants due
to technical difficulties (failing batteries, etc.). Also, one participant did not evacu-
ate the hotel room within 900 s from alarm activation, when the researchers deci-
ded to terminate the experiment. Thus, exit choice was recorded for 66
participants, while data involving eye-tracking was recorded for 58 participants.

3.1. Pre-evacuation Behaviour

Before the participant left the hotel room after the alarm was activated, there was
no substantial difference in setup between scenarios and thus, no comparisons
between scenarios are made. However, the fixations and behaviour of the partici-

Table 3
Description of the Participants Perception of Escape Routes

Noticed more than one escape route?

Scenario Yes, n (%) No, n (%) No answer, n (%) Total
1 4(18.2) 18 (81.8) 0 (0) 22
1—FL 3 (13.6) 17 (77.3) 2(9.1) 22

2 8 (36.4) 14 (63.6) 0 (0) 22
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pants were still recorded and studied. Results show that 3.4% (n = 2) of the par-
ticipants fixated their gaze on an evacuation sign during normal conditions, i.e.,
on their way to the hotel room. In addition, 5.2% of the participants (n = 3)
read a safety brochure that was available in the hotel room and 8.6% of the par-
ticipants (n = 5) studied the evacuation plan on the inside of the hotel room door
before the alarm was activated.

Once the alarm was activated, the participants left the hotel room within 10—
725 s with an average time of 54 s and a standard deviation (SD) of 94 s. The
time to leave the room can be seen in Fig. 4. As can be seen in the figure, there
are a couple of outliers, i.e., participants taking a very long time to leave the
room compared to other participants. Also, one participant did not evacuate
within 15 min (900 s), at which time the researchers decided to terminate the
experiment.

Before evacuating from the hotel room, 43.1% of the participants (n = 25) fix-
ated their gaze at the evacuation plan on the inside of the hotel room door. Also,
84.5% of the participants (n = 49) went to the alarm speaker in the hotel room
and fixated their gaze, one or several times, on it as one of their first actions once
the alarm had activated. A red information sign with white text stating ‘““Evacua-
tion alarm” was located under the speaker.

3.2. Exit Choice

A research goal was to study the initial exit choice, i.e., stairs versus elevators.
The results are shown in Table 2. It can be seen that a vast majority chose to
evacuate using the elevator in all scenarios. In total, 95.5% (n = 63) of the par-
ticipants who evacuated chose the elevator as their escape route. From the results,
it is not possible to find any statistical differences between the preferred exit
choice when comparing the different scenarios with a Fischer’s exact test,
p = 0.767.

As mentioned in the section on experiment setting, one of the elevators could be
reached directly from the end of the corridor. This elevator was used by 9.1%
(n = 2) in scenario 1-FL, 18.2% (n = 4) in scenario 1 and 22.7% (n = 5) of the
participants in scenario 2. Fischer’s exact test show no statistical difference
between the three scenarios in terms of usage of this elevator, p = 0.451. How-
ever, it should be noted that the scenario with the highest selection of this elevator
was the scenario starting in hotel room 2, which was the room farthest away from
this elevator.

As the perception of the escape routes could be an important factor for the exit
choice, a question in the follow-up questionnaire was if the participants noticed
more than one escape route. The results from this question are shown in Table 3.
It can be seen that 22.7% of the participants (n = 15) noticed more than one
escape route. In scenario 2, where the door to the staircase had to be passed to
reach the elevator lobby, most participants noticed that there were more alterna-
tives at hand. However, no statistically significant difference between the scenarios
can be seen when analysing these results with Fischer’s exact test, p = 0.258.
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In the questionnaire, the participants were asked in a free text question why
they chose the exit they had used. The most common factors given in the answers
are listed below:

because of the information in the evacuation alarm (37.8%, n = 25),
it was the way I entered the building (22.7%, n = 15),

it was the closest exit (16.7%, n = 11), and

it was the fastest way out (16.7%, n = 11).

It should be noted here that the proportions of participants who answered that
they choose the elevator because it was the closest exit was 13.6% (n = 3) in sce-
nario 1, 27.3% (n = 6) in scenario 1-FL and 9.1% (n = 2) in scenario 2.

The participants were also asked what risks they perceived to be associated with
their escape route. The most common answers among those who choose the cleva-
tor were:

e waiting time (33.3%, n = 22),
e getting stuck in the elevator (28.8%, n = 19) and,
e smoke and flames could enter the elevator (13.6%, n = 9).

Also, 30.3% (n = 20) answered that they did not reflect on any risks associated
with the elevator. Note that the participants could give multiple answers to this
question.

The three participants who chose the staircase for evacuation had the following
explanation for their choice of escape route:

e the voice alarm said not to use the elevators (participant in scenario 1-FL)

e it was the closest escape route (participant in scenario 2)

e wanted to use the elevator as a first choice because it seemed faster but then I
went for the stairs (participant in scenario 2)

Note specifically that the one participant who choose the staircase in scenario 1-
FL misunderstood the message in the evacuation alarm (see the first bullet above).

3.3. Movement Paths

The closed fire door to the elevator lobby created some confusion among many of
the participants. A total of 62.1% (n = 36), passed the door and walked along
the corridor to then turn back when they realised that they had walked too far.
Some participants passed the door several times before finding it and reaching the
elevator lobby. An example of a walking path in the scenario 1 is given in Fig. 5.
The number of participants who passed the door was higher in scenario 2 where
the participants had to walk longer in the corridor to reach the elevator lobby,
which can be seen in Table 4. However, Fischer’s exact test did not show any sta-
tistical difference between the three scenarios, p = 0.889. It should be noted here
that 10 out of the 11 participants who choose the elevator from the corridor, in
all scenarios, passed the elevator lobby door during their evacuation.
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Figure 5. Schematic movement path for a participant in scenario 1
where the participant passed the elevator lobby doors several times.

Table 4
Number of Participants Who Passed the Door to the Elevator Lobby

Passed the door to the elevator lobby?

Scenario Yes, n (%) No, n (%) Total
1 11 (57.9) 8 (42.1) 19
1—FL 11 (64.7) 6 (35.3) 17
2 14 (63.6) 7 (36.4) 22

Start
position
2

Figure 6. Schematic movement paths for the participants who chose
to use the evacuation stair. The starting points for the participants in
the scenarios are marked with 1-FL and 2 in the figure.
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For the three participants who decided to evacuate through the evacuation
staircase, the walking paths are visualised in Fig. 6. It can be seen that one partic-
ipant in scenario 2 walked straight to the evacuation staircase. The other partici-
pant who choose the staircase walked all the way across the corridor and then
turned back before choosing to use the staircase. Also, it can be seen that the par-
ticipant who chose the staircase in scenario 1-FL first entered the elevator lobby,
but then chose to change to the staircase before pressing the elevator call button.
This participant explained to one of the researchers after the experiment that he/
she had misinterpreted the voice evacuation alarm and believed that it said explic-
itly NOT to use the elevators for evacuation (see also Sect. 3.2).

3.4. Eye-Tracking Data

Most participants fixated their gaze on the evacuation signage in some way during
evacuation. For comparative and illustrative purposes, the relative number of fixa-
tions for each of the three evacuation signs in the corridor, i.e., the sign towards the
elevator lobby, the fluorescent sign on the lobby door and the sign towards the
staircase, is shown as a heat map in Fig. 7. The heat map has been created using
Fig. 2 as a background and illustrates the differences in fixation counts on the signs
between the studied scenarios. Here, it can be seen that there where relatively more
fixations on the sign towards the elevator lobby in scenario 1-FL compared to sce-
nario 1 and scenario 2. Also, the sign towards the staircase (in the end of the corri-
dor in Fig. 7) had relatively more fixations in scenario 2 compared to scenario 1
and scenario 1-FL. This data is described more in detail in Tables 5 and 7 below.
The number of participants who fixated their gaze on the sign in scenario 1-FL
can be compared to scenario 1 to explore the influence of the flashing lights. Fis-
cher’s exact test show a statistical significant difference in the number of partici-
pants who fixated their gaze on the evacuation sign, p = 0.008. The participants
in scenario 2 had a different scenario setup and are therefore not included in the

Scenario 1 Scenario 1-FL Scenario 2

Figure 7. Schematic heat maps illustrating the number of fixations
for each of the evacuation signs in the different scenarios. The
colouring is relative with red meaning more fixations and green
meaning less.
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Table 5

Number of Participants Who Fixated Their Gaze on the Evacuation
Signs in the Corridor

Fixated their gaze on the sign towards

Scenario The elevator lobby, n (%) The staircase, n (%) Total
1 7 (36.8) 4 (21.1) 19
1—FL 14 (82.4) 5(29.4) 17
2 9 (40.9) 8 (36.4) 22

statistical analysis. However, the proportion of participants who fixated their gaze
on the sign in this scenario was similar to scenario 1.

Also, for the participants who fixated their gaze on a sign in the corridor, it was
investigated how many of these participants who also complied with the guidance
given by these signs, see Table 6. To measure the compliance, it was recorded if
the participant followed the instructions on the sign during their first passage past
the sign after they fixated their gaze on it. Whether the flashing lights had any
effect on the compliance could be tested by comparing the compliance to the sign
pointing towards the elevator lobby in scenario 1 and scenario 1-FL. Fischer’s
exact revealed no statistical significance, p = 0.64. It should also be noted that all
the participants who chose the staircase did so after fixating their gaze on the
evacuation sign pointing towards the staircase. However, not all participants who
fixated their gaze on this sign complied with this guidance.

Except for the number of participants fixating their gaze on the sign towards
the elevator lobby with or without flashing lights, the times of the fixations on this
sign can be studied. These are illustrated in a boxplot below (see Fig. 8). For
these fixation times, scenario 1 had an average fixation time of 0.68 s with a SD
of 0.75 s, and a median of 0.44 s. Scenario 1-FL had an average fixation time of
1.22's, a SD of 1.28 s and a median of 0.84 s. Scenario 2 had an average fixation
time of 0.71 s, an SD of 0.62 s and a median of 0.54 s. Again, scenario 1 and sce-

Table 6
Number of Participants Who Complied with the Signs in the Corridor

Complied with the sign towards

Scenario The elevator lobby, n (%) The staircase, n (%)
1 3 (42.9) 0 (0.0)
1—FL 4 (28.6) 1 (20.0)

2 3(33.3) 2(25.0)
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Total fixation times on the sign towards the elevator lobby

Total fixation time [s]

=+

Scenario 1 Scenario 1-FL Scenario 2

Figure 8. The total fixation times on the sign pointing towards the
elevator lobby in each scenario. The overlaying scatter shows all data
points collected in each scenario.

nario 1-FL have the same scenario setup and comparing the fixation times
between these scenarios using a Mann—Whitney U test, a statistically significant
difference could not be concluded, U = 30.5, p = 0.18, even if a trend towards
longer times for flashing lights can be seen in the boxplot (Fig. 8).

As mentioned in Sect. 2.2, there was also a fluorescent sign put on the door
that led to the elevator lobby. The number of participants who fixated their gaze
on this sign is given in Table 7. When comparing these results using a Chi square
test, no statistical significant difference could be detected, 5> (2, N = 58) = 2.211,
p = 0.331. It should be noted that the fixations on this sign occurred, in many
cases, during or just before the participants opened the door. Hence, the head
position of the participant could have an important role as participants who
looked straight ahead or slightly upwards would most often notice the sign as it

Table 7
Number of Participants Who Fixated Their Gaze on the Fluorescent
Evacuation Sign on the Door to the Elevator Lobby

Fixated their gaze on the sign on the door?

Scenario Yes, n (%) No, n (%) Total
1 13 (57.9) 6 (42.1) 19
1—FL 12 (70.6) 5(29.4) 17

2 11 (50.0) 11 (50.0) 2
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was a contrast to the otherwise white door. Participants who looked at the handle
or slightly downwards, did not notice this sign to the same extent.

4. Discussion

In this study, almost all participants chose to evacuate using the elevators, regard-
less of the scenario studied. This is not in line with previous research on elevator
evacuation, which indicate lower acceptance for the elevator as an escape route.
The correlations presented in previous studies predicts the willingness for OEE
usage on the 16th floor of a building to 14.5% [15], 23.5% [14] and 44.7% [13].
The VR study performed in a similar (but virtual) environment resulted in 59.6%
of the participants using the elevators when the exit signage was not reinforced
with a green flashing light and 90.0% of the participants when the exit signage
was reinforced with such a light [16]. The experiment suggests that past studies
have underestimated the willingness to use elevators for evacuation in high-rise
hotel buildings. However, as previous studies indicate that the willingness to use
the elevator is floor dependent, it should be noted that the results would likely be
different if experiments were performed on another floor. This is a topic which
should be further investigated in future studies.

It should be noted that the evacuation alarm contained information that the
elevators could be used for evacuation, which likely affected the behaviour. How-
ever, the evacuation alarm in this study gave the same information as was given
by the evacuation alarm in the VR study [16]. Also, participants in the question-
naire studies [13—15] were informed that the elevators were possible to use for
evacuation. Hence, information that the elevators can be used for evacuation per
se cannot explain the difference in exit choice between studies. That said, future
studies should investigate how instructions in the voice alarms affects the choice of
evacuation route in this sort of situation.

As the willingness to use the elevators was high in all scenarios, no difference in
exit choice could be seen when comparing the results of these scenarios. Thus, a
significant influence of flashing green light on exit choice could not be shown,
which was the case in the VR study [16]. Neither was there any significant differ-
ence between the exit choice of participants depending on start position on the
hotel floor. This suggests that the primary drive for a person in an evacuation sit-
uation may be to return the way she or he entered the building. This is coherent
with the Theory of Affiliation [12], i.e., movement towards the familiar, which is a
well-established theory in the area of human behaviour in fire.

The results of this study indicate that a reason for choosing the familiar route
to evacuate could be that the evacuees are not aware of any other way to safety
(see data in Table 3). This highlights the need for efficient way-finding systems in
buildings where the evacuation strategy contradicts the normal use of the build-
ing. It should also be noted that the experiments were performed in a hotel build-
ing and that the participants did not have any previous knowledge of the building,
l.e., participants were not more familiar with evacuation routes than everyday
hotel guest. If participants would have been more familiar with the evacuation
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routes, e.g., as in an office or residential building, the results may have been differ-
ent.

The self-closing fire door to the elevator lobby affected the evacuation as more
than half of the participants passed the closed door at least once during evacua-
tion. This was likely because the door was white, which was the same colour as
the walls, and did not stand out in any other way except for the fluorescent evac-
uation sign on the door. These results indicate that a change along the known
route, e.g., closing of a fire door, can affect the evacuation negatively. This change
of the physical environment could be part of the explanation of why some partici-
pants choose the elevator from the corridor. Almost all participants who choose
this elevator passed the elevator lobby door during evacuation. This indicates that
such a change could force evacuees to search for alternate routes, which could
possibly extend the total evacuation time in some cases.

As for pre-evacuation times, the times recorded in this experiment are relatively
short compared to previous studies [37]. However, participants were awake and
did not have any luggage, which likely decreases the pre-movement time compared
to that of actual hotel guests. Thus, the pre-evacuation times should not be con-
sidered representative for hotel buildings in general.

Before the alarm was activated, most participants did not fixate their gaze on
the evacuation signage. Similarly, the evacuation plan and the safety instructions
were only studied by a few participants. Again, the limited time in the hotel room,
the lack of personal belongings and the perceived reason for being in the room
could probably affect the behaviour in the hotel room. However, after the alarm
was activated, most participant looked at the alarm speaker as it provided the
evacuation message. Also, many participants looked for information on the evacu-
ation plan on the door before exiting the hotel room. This behaviour is coherent
with previous research on human behaviour in fires [38].

The results from the eye-tracking data also show that the flashing green light
had a significant impact on the noticeability of the sign. Also, the flashing light
seems to increase the total time that participants fixated their gaze on the sign,
even if statistical significance could not be shown. These factors should increase
the understanding of the sign. However, the number of participants passing the
self-closing door to the elevator lobby was not lower in the flashing lights scenario
compared to the scenario without flashing lights. This indicates that, even though
the green flashing light promotes the participants to notice the evacuation signage,
it does not necessarily increase the compliance with the instructions of the sign.

For the eye-track data on sign noticeability, scenario 1 and scenario 1-FL were
primarily compared. The reason for this was that these scenarios had the same
setup, except for the flashing lights attached to the evacuation signage towards the
elevator lobby. Studying the results for the sign towards the elevator lobby in sce-
nario 2, the participants displayed longer travel paths in the corridor, meaning
that they had more time to discover and look at the sign compared to the other
scenarios. As for the sign towards the staircase, the proportion of participants
who fixated their gaze on this sign was similar in all scenarios. This could be
explained by the sign being close to the hotel room door in scenario 2, which lead
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to many participants passing under it without noticing it on their passage through
the corridor.

The experiments were performed individually, i.e., social influence was not stud-
ied. It could be argued that this is an improbable evacuation scenario. However,
in a hotel building, this could be expected to occur in certain cases, e.g., when
occupancy is low. Also, one objective of the study was to investigate exit choice
between OEEs and stairs, which is something that has not been studied in this
way previously. Individual trials were deemed most suitable to be able to study
this factor in isolation and without confounding factors, e.g., social influence.
However, future research should investigate how social influence affects exit choice
in this type of setting.

As mentioned, the method used in this study was an unannounced evacuation
experiment with partly informed participants. The participants were informed they
were part of a research study, but were unaware of the true purpose, i.e., the
evacuation part. This method could be argued to have high external validity since
participants are unaware of the evacuation and therefore can be assumed to
behave in a manner similar to what could be expected in a real evacuation [17].
However, it should be noted that the participants were not regular hotel guests,
which naturally affects the validity of the experiments. Also, the method does
come at a price, namely the ethical dilemma of deception research. Because of
this, the study went through a thorough process to ensure that the ethical aspects
were considered properly. This is further described in the section on ethical
approval below.

It should also be noted that the questionnaire was answered by the participants
shortly after their evacuation. Thus, stress or other feelings experienced during the
evacuation may have influenced their recollection of the experiment. This factor
will always be present for this sort of experiment and due to the nature of the
questions asked, it was deemed best to ask the participants to answer the ques-
tionnaire as soon after the experiment as possible. However, all participants were
debriefed before the questionnaire and during the debriefing the researcher made
sure that the participant calmed down and were ready to answer the questions.

5. Conclusions

The results of the study show that the willingness to use elevators for evacuation
in a high-rise hotel building is higher than predicted by previous research. Fur-
thermore, the results suggest that people who use an elevator to enter this type of
building and are given the information that the elevator can be used for evacua-
tion in the alarm message, will likely be willing to use elevators for evacuation.
However, it should be noted that this study was limited to initial exit choice and
that other factors that could affect exit choice were not included, e.g., elevator
waiting time, social influence, etc.

The results from the eye-tracking analysis show that most building visitors do
not fixate on evacuation signage before an evacuation alarm is triggered. When
the alarm is activated, people fixate their gaze on signage to a greater extent than
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before the alarm, but many do still not look at evacuation signs. If the evacuation
signage is reinforced with a green flashing light, the number of persons fixating on
the sign increases significantly. Also, the amount of time fixating the sign rein-
forced with flashing lights increases as well. However, the fact that more people
fixate their gaze on the signage, and do so under longer times, does not mean that
they understand or conform to the information conveyed by the sign to a greater
extent.

Finally, the results suggests that self-closing fire doors without vision panels can
affect the evacuation and confuse evacuees. This can potentially lead to longer
evacuation times in some cases.
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