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a b s t r a c t 

During a terrorist attack on a supermarket, the use of emergency exits is essential for effective evacuation and 
saving lives. However, people tend to ignore emergency situations. This behavior can lengthen evacuation times, 
endanger individuals, and even prove fatal. In this context, we conducted a series of experiments to explore the 
links between cognition and the dynamics of human capabilities in a complex and changing environment. In a 
series of behavioral experiments and computer simulations, we found that active guidance by green flashing lights 
at emergency exits impacts the behavior of individuals in an emergency evacuation situation in a supermarket; this 
tested our hypothesis that changing the environment in turn changes the evacuation behavior of individuals. We 
also show that environmental modification can help in decision-making in an emergency situation. Furthermore, 
the results of computer simulations support a possible modeling of the influence of affordances on the evacuation 
behavior of agents in a complex virtual environment. 
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. Introduction 

Terrorist attacks on supermarkets, such as those in Buffalo in 2022
New York, USA), Auckland in 2021 (New Zealand), and Trèbes in 2018
France), which resulted in the death of 18 people and the loss of several
undred lives, have clearly demonstrated the importance of effective
nd rapid evacuation. Indeed, during an attack on a supermarket, orien-
ation to an emergency exit plays an important role in saving customers
1–7] . However, an important finding was that people do not neces-
arily evacuate through emergency exits. For example, in the Trèbes
France) supermarket attack, none of the 87 customers and employees
sed emergency exits. 

One explanation proposed in the literature is that the tendency of
ndividuals not to choose to evacuate via emergency exits is the result
f affiliation theory [8–10] . In other words, individuals are attracted to
he exits they use regularly (i.e., the main entrance) and would natu-
ally head toward them during an evacuation [8] . However, the work
f [8–10] is specific to fire evacuation problems (i.e., the presence of
moke and sound alarms) and in simple environments (i.e., office build-
ngs). On this point, we argue that in an emergency situation, and more
pecifically in a terrorist attack, the threat is more difficult to identify
∗ Corresponding author at: EA 4556 EPSYLON, Univ Paul Valéry Montpellier 3, EP
E-mail address: lancel.ed60@gmail.com (S. Lancel) . 
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nd locate than in a fire, and even more so in more complex environ-
ents (e.g., supermarkets, train stations, libraries). 

Another possible explanation for the tendency of individuals not to
vacuate via emergency exits is that complex environments can disori-
ntate individuals in the event of an evacuation. For example, a super-
arket is a complex geometric space saturated with visual and auditory

nformation, which probably contributes to the fact that individuals are
ot always aware of the emergency exits during an emergency evacua-
ion. It seems, therefore, that there are behavioral constraints that need
o be taken into account to ensure that as many people as possible use
n emergency exit to reach safety. 

The novelty of this work lies in its approach to understanding hu-
an behavior in a complex environment (i.e., a supermarket) during a

omplex emergency (i.e., an attack). 
To do this, we studied how to facilitate the orientation and path of

eople in an emergency evacuation situation during an attack in the spe-
ific environment of the supermarket. Thus, while the design of emer-
ency exits meets current safety standards as defined in the fire codes
i.e., the number of exits, their spacing, the door dimensions, signage),
e hypothesized that other features of emergency exit design could be

onsidered to facilitate orientation and rapid decision-making during an
mergency evacuation in a supermarket. 
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To understand how to ensure that supermarket customers use an
xit in an emergency, it is important to know how people perceive the
nvironment [2] . 

.1. Applications in emergency situations in supermarkets 

A series of evacuation experiments in an IKEA store [11] found that
ustomers rarely used emergency exits. As the author rightly points out,
his may have consequences in the event of a fire; a longer evacuation in
erms of time and distance would, for example, increase the risk of ex-
osure to toxic fumes. Similar results were found in a study of a Marks &
pencer shop: only 17.6% of participants reported noticing one or more
igns indicating an emergency exit inside the shop [1] . In another study
onducted in two supermarkets and a large shopping mall in northern
taly showed that 80% of participants were unable to remember the lo-
ation of emergency exits [2] . The underuse of emergency exits was also
ound in a study of four supermarkets involving 2,073 customers during
nannounced evacuations [6] . These studies suggest that conventional
mergency exit signage is not sufficiently effective in the specific su-
ermarket environment [ 1 , 2 , 6 , 11 ]. As [2] points out, supermarkets are
omplex environments that tend to confuse customers [ 2 , 12 ]. The visual
nformation-saturated environment (i.e., shelves, notice boards, lights)
f the supermarket can make it difficult to identify relevant cues for
vacuation through emergency exits in an emergency situation [6] . In
his context, it seems essential to consider the specificities of the com-
lex environment of the supermarket so that the majority of customers
vacuate through an emergency exit [ 1 , 2 , 6 ]. 

.2. The concept of affordance applied to emergency exits 

To move around, find one’s bearings quickly, and even survive, the
erception of the environment plays a central role as a provider of warn-
ng signals, but also of orientation toward safe areas [13–15] . These of-
ered (afforded) signals are all more essential for survival when the in-
ividual is in a situation of urgent decision-making and when his or her
ife is at stake. According to Gibsonian theory, the relationship between
 human being’s perception of his/her environment and movements in
is/her environment generates possibilities for individual–environment
nteractions that are essential for choosing actions in a situation [ 15 , 16 ].
hus, the individual does not perceive the properties of objects but con-
tructs the possibilities of action offered by the objects [ 17 , 18 ]. 

The concept of “affordance, ” which occupies a central place in psy-
hology, is of particular interest in this study. The term was proposed
y Gibson [15] , according to whom “the affordances of the environment
re what it offers to the animal, what it provides or procures for it, for
ood or ill ” ( [18] , p. 127). By transforming the verb “to afford ” (as in
offer, allow, provide ”) into a noun, Gibson [18] sought to account for
he ability of humans, and animals in general, to guide their behaviors
y perceiving what the environment offers in terms of opportunities for
ction [ 13 , 16 ] According to Gibson [19] , affordances are not properties
f the environment; they are the opportunities for action offered to indi-
iduals by the environment in relation to the individuals’ capacities for
ction [ 17 , 20–22 ]. As Martin et al. [20] show, a tool is not defined by a
unction; it is the result of the emergence between the needs of the in-
ividual and the possibilities offered by the environment at a given mo-
ent. For example, a chair can be used for sitting but also as a steplad-
er to change a light bulb. Affordance theory has been used in a number
f different areas, such as the design of human–computer interactions
21] and the perception of climbing routes such as stairways [ 23 , 24 ]. In
his theory, researchers systematically render affordances as an action
erb followed by the suffix “ability ” [16] . Thus, many affordances have
een the subject of experimental work, such as the “passability ” of open-
ngs [ 25 , 26 ], the “catchability ” of objects [27–29] , the “climbability ” of
tairs [30–32] , or the “usability ” of a door [33] . 

Closer to our problem, affordance theory has also been applied to
he design of emergency exits to understand why some designs perform
140 
oorly [ 3 , 23 , 35 , 36 ,]. Indeed, [21] argues that the affordance between
he user and an object —an escape route —can be split and combined into
everal types of affordances. Thus, Hartson’s [ 23 ] work approaches the
oncept from a more complex angle by dividing it into four categories
f affordances: sensory, physical, cognitive, and functional affordances.

1 Sensory affordance is “a design feature that helps, supports, facili-
tates, or enables the user to feel (i.e., see, hear, smell) something ”
( [23] , p. 322). As a simple example, an illuminated sign with an
ideogram of a man running through an emergency exit acts as visual
support for identifying the door as an emergency exit (cognitive ac-
tion) and using it in an emergency (physical action). 

2 A physical affordance is “a design feature that helps, assists, sup-
ports, facilitates, or enables something to be done physically ” ( [23] ,
p. 319) . A push bar is a good example, highlighted by Hartson [ 23 ],
which allows individuals to open a door simply by pushing (like a
swinging door). 

3 A cognitive affordance is “a design feature that helps, assists, sup-
ports, facilitates, or enables one to think and/or know something ”
([ 23 ], p. 319). Explained simply by Hartson [ 23 ], the text under
a button could help users understand the functionality of the but-
ton and the consequences of clicking on it. Or applied to the topic
of doors, this could be a sign with the text “Emergency Exit ” to
help people understand the functionality of the door and the con-
sequences of opening it (getting out in an emergency). 

4 Finally, functional affordance is defined by Hartson ( [23] , p. 321)
as “a design feature that helps or assists the user to do something. ”
According to Hartson [ 23 ], functional affordance is a combination
of sensory, cognitive, and physical affordances. 

An interesting point in the evolution of the concept of affordances is
artson’s [ 23 ] proposal to bring cognitive and physical affordance to-
ether as a design combination. For example, the text “Pull ” or “Push ”
ssociated with a door handle tells individuals which direction the door
pens. According to Hartson [ 23 ], the text “Pull ” above a door handle
ould constitute a cognitive affordance in support of physical affordance
y providing a physical means of action (to pull the door), as well as a
isual cue to help individuals understand the opening functionality. In
his sense, physical affordance not only means the handle can be grasped
nd turned, but that the manual grasping action can enable the individ-
al to operate the door-opening mechanism. In turn, the door provides
ccess to the passage functionality (functional affordance). In the case
f a door with a safety function, it must be sufficiently visible, physi-
ally usable, and open; it must be a simple operation. Thus, the design
f an emergency exit must be adapted such that users can link sensory
ffordances with cognitive and physical affordances so that the door can
e used in an emergency [21] . In other words, the design of products
nd objects, whether in the context of everyday life or safety and health,
hould be guided by the type of interactions that the product or object
nables, not the product or object itself. 

Thus, objects are an extension of the mind and not a replacement.
ntegrating the issue of affordances into the design of objects would
ake it possible to blame objects rather than users for non-use or error.

n reality, errors often result from poor interaction design [ 20 , 36 , 37 ]. 

.3. Elements of application in case of fire 

In this study, it is essential to consider the specifics of the complex su-
ermarket environment so that most customers evacuate through emer-
ency exits during an attack [ 1 , 2 , 6 ]. In this context, extensive work on
ecurity suggests that the effectiveness of signage can be improved if
ts detectability is enhanced [ 1 , 3–5 , 34 , 35 , 38 , 39 ]. Recent research has
hown that only 38% of individuals “see ” a sign in an emergency situ-
tion in a non-residential building, even if the sign is directly in front
f them [38] . These results suggest that current signage (i.e., passive
ignage) is not as effective as orientation and decision aid [ 2 , 4 , 38 , 39 ]. 
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On this point, work on fire safety shows that the combination of
onventional (i.e., passive) and active signage (i.e., flashing arrows, il-
uminated floor markings, flashing lights) is a way to influence choice in
rder to compensate for long distances to emergency exits [ 1 , 5 , 35 , 38 ].
or example, Galéa et al. [4] proposed and tested a new dynamic sig-
age design (flashing green or red arrows in the emergency exit sign) to
olve the problem of under-detection found with conventional signage.
he results suggest that the use of dynamic exit signs would allow more
eople to identify the correct exit route during an emergency evacuation
ompared with the use of conventional exit signs [4] . 

In another study [1] , the effectiveness of an alternative design that
ombines flashing lights (i.e., active signage) with backlit signs above
he emergency exit (i.e., passive signage) was demonstrated. In this
tudy, participants were asked to compare the alternative design (i.e.,
ashing lights) with five other designs, using a questionnaire. The results
evealed that flashing lights had the greatest ability to capture attention
nd were preferred by participants [1] . 

As already mentioned, the effectiveness of active signaling with
ashing lights seems to be an interesting avenue for increasing the use
f emergency exits [ 1 , 4 ]. However, in addition to flashing, the color
f flashing lights is also important. Green is associated with “safety ” or
go, ”“ red with “danger ” or “stop, ” yellow and orange with warning,
nd blue with emergency services [ 1 , 7 , 35 ]. Künzer et al. [7] observed
he effect of the sensory affordance of traffic lights, according to their
ed or green color, on route choice in metro stations with a popula-
ion of adults and children. The results showed that the use of green
ights influenced route choice for both groups and led 84% of partic-
pants to choose to follow the direction indicated by the green lights.
urthermore, the study suggests that green lights prompted participants
o change their route: participants chose to take the left-hand direction
nstead of the usual route via the stairs to the right [7] . This result is
articularly relevant to our problem: the green color not only guides but
lso changes the route decision. The results of these experiments suggest
he use of “active evacuation systems to encourage people to escape via
mergency exits ” [ 12 , 35 ]. 

In a series of studies, Nilsson[ 36 ] compared the effectiveness of a
tandard evacuation device with that of a dynamic device (flashing
reen lights). The situation was a building or road tunnel. In one ex-
eriment, participants were placed in the middle of a corridor. The in-
tructions were as follows: 

Try to imagine the following scenario: You are alone in a long cor-
idor, and you know there is fire in the building, but you do not know
here. You want to get out of here because you want to go somewhere

afe. Do it, please. [35] 
In the experiment, the left exit (Exit 1) was equipped with a sign

ith flashing (green or orange) or strobe lights (active signaling), and
he right exit (Exit 2) was equipped with a sign with a backlit emer-
ency exit indication (passive signaling). The results revealed that the
articipants were significantly more likely to head for an exit equipped
ith flashing or strobe lights. When green flashing lights were used and

he participant was placed in the middle of the corridor (starting po-
ition 1), 75% of participants used the left door with green flashing
ights, compared to 50% in the control condition where nothing was
ashing, an increase of 25% [35] . As an extension of this study, unan-
ounced evacuations were conducted in an office building and movie
heater. The aim was to determine whether flashing green lights could
nfluence the choice to exit in other environmental contexts. The results
gain confirmed that green flashing lights encourage people to use doors
quipped with them [35] . The work of [35] is inspired by the fact that
t provides an answer to our problem of how to increase the chances
hat an individual will use an emergency exit. However, the work in
35] is specific to fire evacuation problems (i.e., presence of smoke, au-
ible alarm) and less complex environments (i.e., office buildings, movie
heaters, road tunnels). In addition, fire is an identifiable and easily lo-
atable threat, unlike a terrorist or armed attack (e.g., hostage-taking,
obbery). To determine whether the flashing light device of [35] is ap-
141 
ropriate to address our problem, the possibility of actively guiding the
ehavior of individuals in an emergency evacuation situation in a su-
ermarket via green flashing lights at emergency exits was tested in a
eries of behavioral experiments and computer simulations. 

.4. Hypothesis and problem 

Drawing on recent studies [ 4 , 5 , 7 , 35 ] and affordance the-
ry [ 15 , 16 , 21 , 36 , 40 ], we conducted two behavioral experiments
 Sections 2.1 , 2.2 ) and computer simulations ( Section 3 ). In this
tudy, our main objective was to test the hypothesis that affordances
etween the subject and its environment modify its choices. In ad-
ition, we wanted to show that environmental modification can aid
ecision-making in emergency evacuation situations. According to our
ypothesis, an individual’s decision-making could benefit from the
esources embedded in the environment, which would likely increase
he cognitive capacities facilitating the action. 

In two behavioral experiments conducted in HYPER U supermar-
et (Experiments 1 and 2), we tested our hypothesis that sensory af-
ordances between the subject and the environment modify decision-
aking. To this end, we modified the signage of the emergency exits to

xplore whether the implementation of dynamic signage would influ-
nce the action possibilities of individuals in an emergency evacuation
ituation in the complex environment of the supermarket. 

The main objective was to observe whether an active guidance sys-
em could influence evacuation behavior compared to the standard de-
ign (i.e., a passive device) in a particular attack situation. It should be
emembered that, in the case of an attack, unlike a fire, there is no smell
r smoke that individuals can use to help them make a choice. The se-
ies of behavioral experiments also aimed to explore the feasibility of
nstalling a guidance system in situ , taking into account the real con-
traints of a supermarket (the height of the emergency exits, the height
f shelves, and brightness). To perform these two experiments, we used
 device similar to that of [35] in the complex environment of the su-
ermarket. 

Experiment 1 aimed to test the feasibility of the active device, its
unctionality in the supermarket, its acceptability, and its influence on
he binary choice that participants had to make according to their posi-
ion in relation to the device (left or right door). The aim of Experiment
 was to test the impact of the device on participants’ choice, given
hat no constraints were formulated. The participants had to evacuate
hrough their preferred doors. Experiment 2 also allowed us to test the
evice in a less-controlled environment with many sources of confound-
ng variables. 

The novelty of this research is that it builds on the results of the be-
avioral experiments conducted ( Section 2.1 , Section 2.2 ) and then uses
 multi-agent system (MAS) modeling and simulation approach. In the
ontext of modeling the virtual supermarket environment and modeling
he characteristics and probabilistic behavior of individuals, our aim
as to test our hypothesis that affordances between the subject and its

nvironment modify its possibilities of action. A series of computer sim-
lations, derived from artificial intelligence based on MAS, were con-
ucted to model, develop, and visualize the individual movements of
ustomers during an emergency evacuation in a supermarket. 

. Behavioral experiments 

.1. Experiment 1 

In the first behavioral experiment (Experiment 1), our objective was
o observe whether the dynamic device tested by Nilsson [35] could pro-
ide answers to our problem. That is, whether emergency exit signaling
ith a green flashing light device (i.e., active guidance) could influ-

nce evacuation behavior compared to standard signaling without green
ashing lights (i.e., passive guidance) in a complex environment (i.e.,
upermarket) and in a complex emergency situation (i.e., attack). Thus,
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Fig. 1. Illustration of the experimental set-up (A. passive state 
and B. active state) 
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Fig. 2. The area used in the “sandwich loaf experiment ” of the HYPER U super- 
market in Mende (France) 

Table 1 

Experimental conditions 

Starting position Guidance system 

Emergency exit (left) Emergency exit (right) 

1. left active passive 
2. middle active passive 
3. right active passive 
4. left passive active 
5. middle passive active 
6. right passive active 
7. left passive passive 
8. middle passive passive 
9. right passive passive 
Total number of participants 16 ∗ 9 
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xperiment 1 aimed to determine whether the device (i.e., green flash-
ng lights) that Nilsson’s studies had achieved in low-complexity envi-
onments (i.e., office buildings, movie theaters, road tunnels) was adapt-
ble to a complex geometry environment (e.g., supermarkets) that may
ave traffic obstacles and high population density (i.e., supermarkets).
s previously mentioned, supermarkets are complex environments in
hich 1) they tend to disorientate customers and 2) are saturated with
isual information (i.e., shelving, billboards, lights), which makes it dif-
cult to identify relevant cues to evacuate to emergency exits during an
mergency. Experiment 1 aimed to determine whether the device (i.e.,
reen flashing lights) that Nilsson’s studies had proven in a fire situation
as suitable for a terrorist attack. Indeed, fire has the particularity of
eing an identifiable and easily locatable danger, unlike threats such as
errorist attacks. 

For this purpose, we equipped two emergency exits with the green
ashing light device of [35] in the self-service bakery department of the
YPER U supermarket in Mende (France). Each participant was given

he opportunity to choose between two doors, knowing that one door
as flashing and the other was not, and knowing that the participant

ould be facing, in the middle of, or opposite the flashing door. We
ypothesized that the number of exit choices would be greater when
he door was flashing than when it was not. 

.1.1. Participants 

A total of 144 French-speaking customers of the HYPER U supermar-
et participated individually in the “sandwich loaf experiment. ” Com-
anions and minors were excluded from this study. The mean age of the
articipants was 39.67 years (SD: 18.58), with a minimum and maxi-
um of 18 to 84 years, respectively. Sex was controlled, with 70 fe-
ales and 74 males participating in the experiment. The experiment
as conducted on Wednesdays and Fridays, between 10 am and 6 pm.
articipants were recruited directly from customers in the supermarket,
s they passed through the experimenter’s stand. The participants were
iven very little information during recruitment before the experiment.
he experimenter stated that this was a scientific study of customer be-
avior in the shop. They were also informed that the experiment was
afe and that they could stop the experiment at any time. Participation
n the experiment was voluntary, and written consent was obtained from
ach participant. 

.1.2. Materials and methods 

The guidance system. The guidance system used in our experiment
as as close as possible to the device described by Nilsson [35] . The
ashing lights of DINFU model E3-L consisted of green bulbs. All bulbs

n the flashing lights flashed simultaneously at a frequency of 1 Hz.
lashing lights were installed on each side of the backlit emergency exit
anel above the two emergency exits ( Fig. 1 ). 

The following figure shows the experimental setup with flashing
ights on both sides of the backlit traffic sign in passive (A) and active
B) states. 

Configuration of the experimental area. The “sandwich loaf ex-
eriment ” was carried out in the self-service bakery and pastry depart-
142 
ent of the HYPER U supermarket in Mende (France). The department
sed was 15.5 m long, 6 m wide, and had a floor to ceiling distance of
1 m. In the middle of the area there was a central shelf 6.30 m long,
.77 m wide and 1.80 m high ( Fig. 2 ). The crosses indicate the three
ifferent positions of the participants (inter-individual variable): either
he position was to the left (blue cross), middle (black cross), or right
orange cross) of the central shelf ( Fig. 2 ). 

Experimental conditions. The guidance system could be active on
he left door, inactive on both doors, or active on the right door. This
et of manipulations led to nine experimental conditions ( Table 1 ). 

.1.3. Procedure 

After receiving prior information, the experimenter gave the follow-
ng instructions to the participant: 
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Fig. 3. Choice of exit for participants depending on the starting position and the state of the device 
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Try to imagine the following scenario. You are shopping. You realize
hat there is a serious incident in the shop behind you (the area was
ndicated by the experimenter). You want to get out of here because
ou want to get to a safe place. Tell me the direction of your exit (the
rea of the emergency exit was indicated by the experimenter). 

The experimenter ensured that the participant understood the in-
tructions. If not, the instruction was explained again but not repeated in
ts entirety. Once the participant understood the instruction, the exper-
menter instructed the participant to follow him/her by looking down
ntil he/she was placed in one of the three starting positions. When
he participant was placed in the indicated starting position, a count-
own from three. At the end of the countdown, the participant was free
o choose an exit in the area indicated by the experimenter. To indi-
ate their choice, the participants had to move to the emergency exit as
uickly as possible. The participant’s choice was noted by an observer
ho remained in the same place throughout the experiment. 

.1.4. Results 

Fig. 3 illustrates the exit choice of participants who chose the right
r left door depending on the starting position and state of the device. 

In Experiment 1, each participant could choose between two doors
one flashing and one not), and the participant could be facing, in the
enter, or on the opposite side of the flashing door. The participant could
e placed on the left (i.e., left of the central shelf), center (i.e., facing
he central shelf), or right (i.e., right of the central shelf). 

When the individual was placed on the left 

Each participant was positioned to the left of the central shelf and
ould choose between two doors, knowing that one of the two doors was
ither flashing to the left or to the right, or neither door was flashing.
ig. 3 shows the participants’ exit choices according to the starting po-
ition (left) and the state of the device (active on the left, passive, and
ctive on the right). 

Participants almost exclusively used the left door to evacuate in all
ituations studied. We compared participants’ decisions in each of the
xperimental modalities (flashing left [A] and right [C]] to the control
odality (no flashing [B]): Active left versus passive device (A ver-

us B) : the presence or absence of flashing did not influence partici-
ants’ decisions. Participants, when placed on the left, chose the left
oor whether it was flashing ( n = 15, 93.75%) or not ( n = 15, 93.75%)
 X 

2 (1, N = 32) = 0, p = .1]. Active right versus passive device (C ver-

us B) : The presence or absence of flashing did not influence the par-
icipants’ decisions. Participants, when placed on the left, always chose
he left door, whether the right door was flashing ( n = 16, 100%) or
ot ( n = 15, 93.75%) [ X 

2 (1, N = 32) = 0, p = .1]. In summary, when
143 
articipants were placed to the left of the shelves, the device was ineffec-
ive. This did not influence participants’ decisions. Indeed, participants
hose to evacuate through the left emergency exit, whether active (on
he left or right) or inactive. The following results show the participants’
hoice of exit when they were placed in front of the central shelf and
ould choose between two doors that flashed either to the left, right, or
either. 

When the individual was placed in the center (behind the shelf) 

The participants used emergency exits differently, depending on the
xperimental situation. Fig. 3 shows the participants’ exit choices ac-
ording to the starting position (center) and the state of the device (ac-
ive on the left, passive, and active on the right). 

Statistically, participants moved predominantly to the left when the
evice was active on the left ( n = 11, 68.75%); and conversely, partici-
ants moved predominantly to the right when the device was active on
he right ( n = 13, 81.25%) [ X 

2 (1, N = 32) = 6.22, p = .01]. The measure
f the strength of the relationship between the two variables was con-
idered strong given the value of Cramer’s V > .30. Thus, in accordance
ith our hypothesis, we can see that the state of the device influences

he choice of participants. Second, we compared the participants’ deci-
ions in each of the experimental modalities (flashing left [A] and right
C]] to the control modality (no flashing [B]]. Active left versus passive

evice (A versus B) : the presence of flashing on the left led partici-
ants to preferentially choose the left door ( n = 11, 68.75%) compared
o the classic passive device ( n = 3, 18.75%) [ X 

2 (1, N = 32) = 6.22,
 = .01]. Furthermore, the measure of the relationship between the two
ariables was considered strong, given the value of Cramer’s V > .30. Ac-

ive right versus passive device (C versus B ) : The presence or absence
f flashing did not influence the participants’ decisions. Participants,
hen placed in the center, chose the right-hand door in the majority
f cases, whether the right door was flashing ( n = 13, 81.25%) or not
 n = 13, 81.25%) [ X 

2 (1, N = 32) = 0, p = .1]. In summary, when the
articipants were placed in the center (facing the shelf), the device was
ffective. This influenced participants’ decisions to evacuate through the
ashing door, regardless of whether the door was active on the left or
ight. 

When the individual was placed on the right 

Participants almost exclusively used the right-hand door to evacuate
n all the situations studied. Fig. 3 shows the participants’ exit choices
ccording to the starting position (right) and the state of the device
active on the left, passive, and active on the right). 

We compared participants’ decisions in each of the experimental
odalities (flashing left [A] and right [C]] to the control modality (no
ashing [B]]. Active left versus passive device (A versus B) : the pres-
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nce or absence of flashing did not influence participants’ decisions. Par-
icipants, when placed on the right side of the shelves, chose the right
oor, whether it was flashing ( n = 16; 100%) or not ( n = 15; 93.75%) [ X 

2 

1, N = 32) = 0, p = .1]. Active right versus passive device (C versus B) :
he presence or absence of flashing did not influence the participants’
ecisions. Participants, when placed on the right side of the aisle, al-
ays chose the right door, whether the right door was flashing ( n = 16;
00%) or not ( n = 15; 93.75%) [ X 

2 (1, N = 32) = 0, p = .1]. In summary,
hen participants were placed to the right of the shelves, the device was

neffective. This did not influence participants’ decisions. Indeed, par-
icipants chose to evacuate through the right emergency exit, whether
t was active (on the left or right). 

.1.5. Conclusion 

The results of the first experiment show that when the participant
as placed between two doors, their behavior was influenced by the

tate of the emergency exit signage device. Specifically, the participant
oved toward the emergency exit that was equipped with the active

ignage device rather than toward the door equipped with the passive
ignage device. However, when the participant was in front of a door,
e/she mostly went toward an exit, regardless of whether the device was
ctive or passive. A simple interpretation is that the bread shelf hinders
he transmission of visual information in the space contralateral to the
ndividual. These data, not particularly explored in the first instance, are
mportant in view of future recommendations to consiswe the presence
r absence of high shelves when choosing the layout of emergency exits.
onversely, to take into account the position of the exits when deciding
he height of the shelves in the vicinity. 

.2. Experiment 2 

In Experiment 1, we tested the feasibility of an active signage device
n a controlled supermarket environment. The objective of Experiment
 was to test the influence of the device in an uncontrolled and com-
lex environment (i.e., with confounding variables). As in the first ex-
eriment, we equipped emergency exits in another department of the
YPER U supermarket in Mende (France)with a green flashing light
evice. Each participant was given the opportunity to choose between
wo doors, of which, as in the previous experiment, one flashed, and the
ther did not. Our hypothesis was that the number of exit choices would
e greater for flashing doors than for non-flashing doors. 

.2.1. Participants 

Seventy-two French-speaking customers of the supermarket partici-
ated individually in the “fruit and vegetables ” experiment. Companions
nd minors were excluded from this study. The average age of the par-
icipants was 43.82 years (SD: 16.27), with a minimum and maximum of
8 to 78 years, respectively. Sex was controlled, with 36 females and 36
ales taking part in the experiment. The experiment was conducted on
ednesdays and Fridays, between 10 am and 6 pm. Participants were

ecruited directly from customers in the supermarket, as they passed
y the experimenter’s stand. The participants were given very little in-
ormation during recruitment before the experiment. The experimenter
tated that this was a scientific study of customer behavior in the shop.
hey were also informed that the experiment was safe and that they
ould stop the experiment at any time. Participation in the experiment
as voluntary, and written consent was obtained from each participant.

.2.2. Materials and methods 

The guidance system. The guidance system was identical to that
sed in Experiment 1 ( Section 2.1.2 ). 

Configuration of the experimental area. Experiment 2 was con-
ucted between the butchery/seafood/fruit and vegetable departments
f the HYPER U supermarket in Mende (France). The area used was 46.5
 long, 19.30 m wide, and had a floor-to-ceiling distance of 11 m. The
144 
helves were located at an average distance of 77.5 m from the main
ntrance. In the “fruit and vegetables ” experiment, there was a single
articipant at the beginning of the experiment. The participant’s posi-
ion was located in front of the two emergency exit doors in the area
t an equal distance between the emergency exit door on the left of the
articipant and the emergency exit door on the right of the participant
15.5 m). The white cross indicates the positions of the participants. Fol-
owing Experiment 1, we made sure in this configuration that no shelfs
bstructed the visibility of the exits. 

Experimental conditions. The guidance system could be active on
he left door, inactive, or active on the right door. These manipulations
ed to three experimental conditions. 

For a better understanding, Fig. 4 illustrates the area of the super-
arket that was used. 

.2.3. Procedure 

After receiving prior information, the experimenter gave the partic-
pant the following instructions: 

Try to imagine the following scenario. You are shopping. You real-
ze that there is a serious incident in the shop behind you (the area is
ndicated by the observer). What do you do? 

The experimenter checked if the participant understood the instruc-
ions. If so, the participant was asked to follow the examiner back to
he starting position while looking downwards. If not, the instructions
ere explained but not fully repeated. Once the participant understood

he instructions, the experimenter instructed the participant to follow
im or her by looking down until he or she reached the starting posi-
ion. When the participant was placed in the indicated starting position,
 countdown from three. At the end of the countdown, the participant
as free to choose an exit. The participant had to simply show the exit
f his choice to the examiner. The participant’s choice was noted by an
bserver who remained in the same location throughout the experiment.

.2.4. Results 

The following figure ( Fig. 5 ) illustrates the choice of participants (left
oor, right door, checkout) according to the state of the device (active
eft, passive, and active right). 

The participants used emergency exits differently, depending on the
xperimental situation. Statistically, participants moved predominantly
o the left when the device was active on the left ( n = 17, 70.83%);
nd conversely, participants moved predominantly to the right when the
evice was active on the right ( n = 18, 18.75%) [ X 

2 (1, N = 48) = 6.91,
 = .0085]. The measure of the strength of the relationship between the
wo variables was considered strong given the value of Cramer’s V >

30. 
Second, we compared the participants’ decisions in each of the exper-

mental modalities (flashing left [A] and right [C]] to the control modal-
ty (no flashing [B]]. Active on the left versus passive device (A versus

) ; the presence or absence of flashing did not influence the participants’
ecisions. The majority of participants chose the left door, whether the
oor was flashing ( n = 17, 70.83%) or not ( n = 16, 66.66%) [ X 

2 (1,
 = 48) = 0.55, p = .46]. Active on the right versus passive device (C

s. B) : the presence of flashing on the right led participants to prefer-
ntially choose the right door ( n = 18, 75 %) over the classic passive
evice ( n = 8, 33.33 %) [ X 

2 (1, N = 48) = 6.79, p = .009]. 

.2.5. Conclusion 

In Experiment 2, we found that, in a complex, uncontrolled environ-
ent with many sources of interference, participants’ behavior was sig-
ificantly influenced by the state of the emergency exit signaling device.
pecifically, when participants were placed equidistant from two unfa-
iliar exits and were free to choose the direction in which they wanted

o evacuate, they overwhelmingly chose to head toward the flashing
oor. In summary, Experiment 2 yielded encouraging results regarding
he effectiveness of the device. There is an influence of the participants’
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Fig. 4. The area used in the “fruit and vegetables ” experiment of the HYPER U supermarket in Mende (France) 

Fig. 5. Choice of participant exit depending on 
the state of the door device 
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1 See www.gama.org . 
ecision to evacuate through the flashing door, whether the door was
ctive on the left or on the right. 

Based on the behavioral experiments (Experiments 1 and 2), it seems
ossible that the experimental device (i.e., active guidance) provides
ufficient sensory support to generate useful and relevant actions in a
iven context [ 21 , 35 ]. As highlighted in the literature [ 3 , 5 , 34 , 35 ], this
esult suggests that the design of supermarket exits should evolve to-
ard equipping emergency exits with green flashing lights to direct cus-

omers to the desired exits and avoid the threat. These results are consis-
ent with Norman’s theory [40] : affordances (i.e., physical affordances)
pecify the range of possible activities, but affordances are of little use
f they are not visible to the individual in a sensory (detectable) and
ognitive (understandable) sense [ 40 , 41 ]. 

In the next section (simulation experiments), we propose to test
ur hypothesis that affordances between the subject and its environ-
ent modify its action options in the context of modeling the virtual

upermarket environment, modeling the probabilistic features and be-
avior of individuals, and modeling–environment interactions. To this
nd, we present a series of computer simulations derived from artifi-
ial intelligence based on MAS, the results of behavioral experiments
Experiments 1 and 2), and previous studies [1–7] . In particular, com-
uter simulation experiments will compare the results of the influ-
nce of dynamic guidance (i.e., flashing lights) on exit selection dur-
ng an emergency evacuation with a larger population (350 agents)
n a virtual supermarket environment (10 emergency and three main
xits). 
145 
. Simulation experiments 

.1. Implementation 

The multi-agent environment chosen for modeling and simulation
as the open-source GAMA platform. 1 For this study, GAMA version
.8.2 was used on a PC running Windows 7 Professional. The data collec-
ion for the simulations was controlled elsewhere. GAMA was not specif-
cally designed to simulate an evacuation process. However, many stud-
es have used GAMA to model pedestrian movement [38] , amphitheater
vacuation [42] , emergency building evacuation [43–45] , and crowd
vacuation [11] . GAMA has been chosen here as a modeling and simu-
ation tool to study behaviors observable in real evacuation situations,
uch as flight behaviors, competitive behaviors, the queuing in front of
xits, and even the occurrence of gregarious behaviors [ 42 , 46 ]. 

.2. Modeling the environment i.e., the supermarket 

The evacuation modeling used was agent-based to explore the po-
ential impact of emergency exit signage on evacuation efficiency in a
omplex geometry. The geometry chosen consisted of a real supermarket
 10 emergency exits, three main entrances/exits, and all the facilities
pecific to the HYPER U supermarket in Mende, France ( Fig. 6 ). 
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Fig. 6. The virtual environment of the supermarket used in 
the multi-agent simulation including the lower (light blue) and 
upper (dark blue) facilities, the emergency exits and the main 
entrance. 

Fig. 7. Video demonstration of the virtual en- 
vironment 
https://www.youtube.com/watch?v = P_j1lqqbfQY 
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The modeling of the supermarket environment consisted of speci-
ying various areas (shelves, checkouts, storerooms, etc.), their dimen-
ions, the location of doors, possible obstacles, customers at the initial
ime of the simulation, and possible routes for the movement of all peo-
le ( Fig. 7 ). 

.3. Modeling the characteristics and probabilistic behavior of individuals 

s customers and terrorists 

The modeling of human behavior allows the integration of certain
hysical, psychological, and cognitive properties. Agent behavior has
een defined as independent, with different characteristics such as age
nd sex, pre-movement time [47] , movement speed [47] , viewing dis-
ance [46] , different types of relationships between agents [48–54] , and
nteraction with the environment [ 7 , 18 , 35 , 55,56 ]. Thus, the multi-agent
pproach allows the decision-making process to be simulated while con-
idering environmental factors. 

The formalization of agent behavior rules is based on 1) modeling
he human behavior and human/human behavior and 2) modeling the
ehavior of objects in the environment and human/environment inter-
ction behavior. The following video illustrates some of the actions con-
idered in this study ( Fig. 8 ). 

.4. Setting up the simulation 

The initial settings can be modified according to the requirements
f the simulation. These modifications can be performed on the GAMA
146 
latform via a specific interface. . This interface allowed the number
f agents to be set for each experiment. The interface also allows the
ehavior of customers and terrorists to be parameterized for each ex-
eriment. It should be noted that, for all agents, the agents’ vision was a
one of 10 m × 60°, and the communication distance between agents was
 m. In terms of modeling, we retained two types of human actors, and
ach human actor was modeled by an agent type. The proposed model-
ng does not include staff members. In this work, we have retained the
erms “customer ” agents and “terrorist ” agents. 

“Customer ” agents. The “customer ” agents were defined by their
alking speed (normal distribution | average:1.41 m/s | standard devi-
tion:0.37 m/s). “Customer ” agents had several behaviors such as walk-
ng in the shop, fleeing to look for the exit, running, and bending down
hen they were close to a low unit (e.g., a checkout line), communicat-

ng with other agents (i.e., warning other agents of the threat, informing
hem of the location of nearby exits). Regarding the action of fleeing to
he exit, if they did not know the exit, movement was free as long as
he agent did not encounter an obstacle. During the escape movement,
he agent bent down to hide, take shelter, or crawl to lower units. These
ehaviors, in interaction with the environment, decreased the speed of
ovement and increased the exit time. 

“Terrorist ” agents. The “terrorist ” agent moves randomly. The se-
ection and number of “victim ” agents that could be injured by the “ter-
orist ” agents were random. The maximum number of victims was set at
even; this number is fixed to the terrorism reference data, which deter-
ined a threshold of five victims ([ 57 ], p. 7), and to limit the actions of

https://www.youtube.com/watch?v=P_j1lqqbfQY
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Fig. 8. Demonstration of agents represented with human–environmental interactions with high and low environment elements 
https://www.youtube.com/watch?v = 9iO78yoZ6Lw 

Fig. 9. Starting position of the “terrorist ” agent in 
the virtual supermarket 
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he “terrorist ” agent on the “client ” agents. The “terrorist ” agent had a
0% chance of missing each attempt to injure an agent. Agents who hid
r ducked behind a low unit were not visible to the “terrorist ” agent. 

. Simulations and results 

.1. Procedure for starting a simulation 

At the beginning of the simulation, the agents were randomly gen-
rated in the supermarket. The simulation was then run for 100 cycles.
his time of 100 cycles is necessary for the “customer ” agents to have
 stable behavior of normal activity in the shop. After running the sim-
lation environment for 100 cycles, a “terrorist ” agent was introduced.
o limit its random trajectory, the “terrorist ” agent is introduced in the
iddle of supermarket activity (i.e., in the middle aisle). The introduc-

ion of the “terrorist ” agent is determined by the position x = 7060;
 = 3911 and this for each simulation of each of the three scenarios
tudied ( Fig. 9 ). 
147 
Upon perception of danger or receipt of information about danger,
he agents started to evacuate toward the exits of the supermarket. The
imulation was stopped until all employees had left. The time required
or evacuation was a decisive factor in our study. To identify the evac-
ation behavior of the individuals, we measured the evacuation time.
his was measured based on the time recorded for the agents’ evac-
ation, which included the selection of the evacuation route and exit
sed. Therefore, different simulations were set up and run to observe
he influence of flashing light on exit selection. The results were studied
n relation to the main factors, namely the time factor and the factor of
xit used to evacuate the supermarket. Considering the stochastic behav-
or of the agents when making the decision about exit choice, the sim-
lation consisted of simulation three parameterization scenarios. The
base ” scenario had no signage, and the “customer ” agents only knew
bout the main exits and used them during the evacuation. The “near-
st exit ” scenario was an ideal scenario in which all “customer ” agents
new all the exits: main and emergency exits, and therefore used the
earest exit during the evacuation. The “dynamic signage ” scenario was

https://www.youtube.com/watch?v=9iO78yoZ6Lw
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Fig. 10. Average total evacuation performance of agents by scenario type (in 
cycles) 
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ne where initially the agents only knew the main exits, but during the
vacuation, if they detected flashing lights above an emergency exit,
hey could choose to use that exit. Each scenario was run 20 times to
ssess exit choice and total exit time [ 58 ]. 

For each simulation, the population and terrorists were generated at
he same location in the supermarket. The customer population corre-
ponds to the demographic profile recorded over a given period. The
vacuation behavior was particularly sensitive to the movement of the
gents, the interactions between the customer agents, the interactions
etween the agents and the terrorist agent, the agent–environment inter-
ction (base scenario, nearest exit scenario, dynamic signage scenario),
nd interactions with the signage (dynamic signage scenario). 

To reduce the stochastic variation within each simulation, each sce-
ario was run 20 times [ 58 ]. 

.2. Results 

In this study, 20 simulations were performed for three scenarios
base, nearest exit, and dynamic signage). The average simulation evac-
ation times were 4,319 cycles, 896 cycles, and 1,254 cycles. Fig. 10
llustrates the average evacuation performance of the agents according
o the type of scenario (base, nearest exit, or dynamic signage). 

Results of the “base ” scenario: The “base ” scenario was a scenario
ithout the use of signs. The average simulation evacuation time was
,319 cycles. The “customer ” agents only knew the main exits and used
hem for evacuation ( N = 300). This scenario does not include the “staff”
gent population. The results show that the average number of “evac-
ated ” people was 275. Regarding the use of exits, 100% of the agents
sed the main exit, with an average exit time of 703 cycles. The mod-
ling proposed above yields some interesting results. In particular, this
imulation shows that 34 people were more psychologically impacted
han others (i.e., scared) and that 25 people were injured or killed. 

Results of the “nearest exit ” scenario: The “nearest exit ” scenario
as an ideal scenario in which all customer “agents ” knew all the exits

main exits and emergency exits) and used the nearest exit for evacu-
tion ( N = 300). The average simulated evacuation time was 896. This
cenario does not include the “staff” agent population. The results show
hat the average number of “evacuated ” was 292. Regarding the use of
xits, 63% of customer agents used the emergency exit with an average
xit time of 321 cycles, and 37% of customer agents used the main exit
ith an average exit time of 312 cycles. The modeling proposed ear-

ier shows highly relevant results. In fact, this simulation revealed that
2 people were more psychologically impacted, and eight people were
njured or killed. 

Results of the “dynamic signage ” scenario: The “dynamic sig-
age ” scenario was one in which initially the “customer ” agents were
nly aware of the main exits ( N = 300), but during the evacuation if they
etected flashing lights above an emergency exit, they could choose to
148 
se that exit. The average simulation evacuation time was 1254 cycles.
he results show that the average number of “evacuated people ” was
88. Regarding the use of the exits, out of an average of 51% of agents
ho used the emergency exit with an average exit time of 316 cycles,
1.5% of agents used an emergency exit with dynamic guidance with
n average time of 253 cycles, 10% used a conventional emergency exit
ith an average time of 379 cycles, and 48.5% of agents used the main

xit with an average exit time of 253 cycles. The modeling previously
escribed allows us to highlight two elements that are relevant to our
tudy. First, the simulation showed that 21 people were more afraid,
hat is, there was a stronger psychological impact, and 12 people were
illed or injured. 

.3. Conclusion 

The results of the execution of the three scenarios are presented ac-
ording to the number of agents evacuated and the total evacuation time
in cycles) for a comparative descriptive analysis of the “base, ” “nearest
xit, ” and “dynamic signage ” scenarios. 

Fig. 11 illustrates the performance of the number of agents evacuated
ccording to the type of scenario (base, nearest exit, or dynamic signage)
nd evacuation time. 

In the “base ” scenario: Per the studies noted in Section 1.1 , this
cenario was configured as close as possible to real-life situations. The
base ” scenario was set up according to the theory that individuals tend
o use the door through which they entered. That is, they use the same
ath to enter and exit [ 1 , 2 , 7 , 12 ]. The results showed that the “base ”
cenario produced a longer time for the total evacuation of agents com-
ared to the “nearest exit ” and “dynamic signage ” scenarios. 

In the “nearest exit ” scenario: In this “ideal ” scenario, the setup
llowed all customer agents to know all exits (the three main exits and
he 10 emergency exits) and to use the nearest exit during the evacua-
ion. The results showed that compared to the “baseline ” scenario, the
otal evacuation time decreased by 79.24%. This result suggests that a
etter distribution of agents to the nearest exit influences their evacu-
tion performance. This suggests that the improvement in evacuation
fficiency was the result of better distribution of agents to the available
xits and a reduction in travel time to the exits . 

In the “dynamic signage ” scenario: A scenario that included dy-
amic signage of five of the 10 emergency exits in the virtual super-
arket. In the initial setup, the customer agents were only aware of the
ain exits, but during the evacuation, they could choose to use that

xit if they detected flashing lights above the emergency exit. The re-
ults showed a 70.09% reduction in the total evacuation time of the
ustomer agents when comparing the “dynamic signage ” scenario with
he “base ” scenario. In addition, the results show a 39.9% difference in
gent evacuation time compared to the “nearest exit ” scenario. How-
ver, it is important to note that the “nearest exit ” scenario is not a re-
listic configuration, and that this scenario requires customer training
n evacuation procedures. 

Comparison of the “nearest exit ” and “dynamic signage ” scenar-

os: The results of the “nearest exit ” and “dynamic signage ” scenarios
re presented according to the number of agents evacuated and the type
f exit used for a comparative descriptive analysis of the two scenarios
 Fig. 12 ). 

The analysis of the distribution of the use of the emergency exits
evealed that the “nearest exit ” scenario (ideal scenario) had a 39.92%
ower total evacuation time than the “dynamic signage ” scenario. How-
ver, a comparative analysis of the results showed a difference in the
se of emergency exits and the distribution of personnel. Indeed, the
nearest exit ” scenario produced an unbalanced use of emergency exits,
ith a higher use of emergency exits (5 and 8) compared to under-use of

mergency exits (0, 4, 1, 10, 11, 4, 7, and 9). In the “dynamic signage ”
cenario, the results showed a higher rate of use of equipped emergency
xits compared to conventional emergency exits. This resulted in better
istribution of emergency exits in the virtual supermarket. 
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Fig. 11. Evacuation performance of the number of agents evacuated according to scenarios and time (in cycles) 

Fig. 12. Distribution of the use of emergency 
exits by according to the “nearest exit ” and “dy- 
namic signage ” scenarios (in numbers) 

5

 

u  

s  

t  

i  

o  

p  

t  

b  

t  

e
 

[  

t  

s  

p  

s  

I  

e  

i  

l  

d  

c  

w  

m
 

e  

t  

m  

m  

p  

g  

a  

c  

t  

p  

s  

p  

e
 

s  

f  

b  

c

D

 

i  

t

S

 

t

R

 

 

. Discussions and perspectives 

Our embodied and situated approach to cognition views an individ-
al’s decision-making in the context of emergency evacuation as a con-
equence of a functional change in the way the subject interacts with
he environment. In this context, our work has focused on understand-
ng the relationship between cognition and environment in the devel-
pment of cognitive flexibility and the ability to safeguard physical and
sychological integrity —i.e., the factors at work in the interactions be-
ween cognition, resources, and sensoriality. To this end, we conducted
ehavioral and computer simulation experiments to explore the links be-
ween cognition and the dynamics of human capabilities in a complex
nvironment. 

Drawing on affordance theory [ 16 , 21 , 37 ] and recent studies
 1 , 3 , 5 , 6 , 12 , 35 , 58 ], we explored the links between sensory and cogni-
ive affordances in a series of emergency evacuation experiments in a
pecific environment of the supermarket. The aim of this series of ex-
eriments was to test our hypothesis that altering environmental (sen-
ory) affordances alters participants’ decision-making (i.e., exit choice).
n line with our hypothesis, an individual’s decision-making could ben-
fit from the resources embedded in the environment and would likely
ncrease the cognitive abilities that facilitate action. However, we be-
ieve it is essential to replicate this study by considering the participants’
ecision-making time. The results of this new study would allow us to
onfirm or refute the hypothesis that modification of the environment
ould influence decision-making in an emergency situation in a super-
arket. 

Despite the limitations of our study, the analyses of the behavioral
xperiments and the simulation experiments provide some insights into
he possible links between environmental (sensory) affordances and hu-
an behavior during an emergency evacuation in the specific environ-
149 
ent of a supermarket. In particular, the results of the behavioral ex-
eriments allow us to consider the feasibility of the device (i.e., the
reen flashing lights), its functionality in the supermarket, its accept-
bility, and its influence on the participants’ evacuation choice in both
ontrolled and uncontrolled environments with many sources of varia-
ions. In comparison, the data from the simulation experiments provide
romising insights into the influence of dynamic versus conventional
ignaling in a virtual supermarket environment. This could support the
ossibility of a possible modeling of the influence of affordances on the
vacuation behavior of agents in a complex virtual environment [5] . 

In conclusion, our study opens research perspectives on the under-
tanding of the evacuation behavior of individuals in response to dif-
erent types of attacks (e.g., armed robberies, hostage-taking scenarios,
ombings) and in different types of public establishments (e.g., night-
lubs, train stations, museums, and supermarkets). 
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