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ABSTRACT

A framework to enable the systematic analysis affease Phase behaviours is presented and
applied to an unannounced evacuation trial in aarity library in the Czech Republic. The
framework not only provides a consistent methoddescribing Response Phase behaviour, but also
provides a framework for classifying and quantifyithe Response Phase other than simply using the
overall response time. The framework also providereans of predicting average response times
based on a number of empirical factors. This warknE the basis of a large study concerned with
investigating the impact of culture on evacuatiehdviour.

INTRODUCTION

The evacuation process can be considered to canjwis broad phases, here called the
Response Phase and Evacuation Movement Phise now widely accepted that a key factor whic
can determine the success of an evacuation ispedswith which occupants respond to the call to
evacuate and begin purposeful movement to a plasafety, commonly referred to as the response
time'®. In practical fire engineering applications itdemmon practice to assume that evacuation
related data can be reliably applied more widegntthe context from which the data was collected.
In particular, this type of data is often appliedsttuations within cultural environments - botltisb
and fire - different to that from which the datasnallected.

The majority of readily available published evatuatdata (both response time and total evacuation
time) that is used in fire engineering applicatidtm®ughout the world originates from a small numbe
of countries with broadly similar cultural backgrals; i.e., UK, USA, Canada, Australia and New
Zealand. There has been very little effort in erplg the impact of culture on fire evacuation
behaviour, especially outside of the small numdecauntries mentioned. Here we take culture to
mean both the social culture and the fire safetjuai of the society that the occupants belong to.
One exception is Ozkayavho explored the impact of social and fire cultore the behaviour of
children in fire situations in Turkey. Ozkaya aeduhat both social and fire culture will have ayé&a
impact in determining a child’s response to firel anwas therefore inappropriate to assume that
children in developing countries would necessdibhave the same way as children in developed
countries. This begs the question, can response diata collected from predominately Western
European/North American type social cultures (UKystalia, Canada, USA, New Zealand) be
applied in significantly different social culturesich as in Japan, China, Korea, Turkey, Czech
Republic, Brazil, etc? Is there a cultural compure the time required to complete the Response
Phase? Furthermore, can response time data ddrora countries with a well developed fire culture
and legislative framework e.g., UK, Australia, CaaaUSA, New Zealand, Japan be applied in
countries with a less well developed fire cultunel degislative framework e.g. Turkey, Brazil, Korea
Czech Republic, etc? Does a well developed fitei@iinfluence the time required to complete the
Response Phase and commence the Evacuation MovBimese?
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These questions are currently being pursued in @rFE7 funded research project called BeSeCu
(Behaviour, Security andCulture)’. The project’'s main aims are to examine how peoghct in an
emergency, and to determine whether there arewhya factors — both social culture and fire $afe
culture - which impact emergency behaviour. Byiaamulture we mean a society’s shared system of
values, beliefs and attitudes that influences sloatety’s perception of the world and its behavabur
response to both every day encounters and unustidents. When discussing social cultures it must
be emphasised that we are not talking about indal&but of large populations and so are attempting
to compare one normal distribution of behaviouesponse for one population with that of another.
Aspects of social culture which may differ from oseciety to another include degree of physical
contact, nature and extent of eye contact, degrgdysical social separation, sense of community,
feelings of fatalism, levels of machismo, risk paation, response to authority, acceptable levels of
public and private signs of emotion, etc. By fa&fety culture we mean the regulatory fire safety
framework, supported by legislation, prescriptivedgnce, education efforts, performance guides and
most important enforcement that exists within aietgc This top-down safety culture (where safety
levels are imposed) is, to some degree, suppostedbmttom-up expectation of the public regarding
safety levels in general. This extends far beyoreddafety with the public having high expectations
regarding the functionality and safety levels reatim all aspects of life.

It is often suggested that differences in cultuss/nmfluence the response of the public to emergenc
procedures. Specifically, it is hypothesised thatdifferences in both the social and fire culturesy
result in differences in response behaviours argpamse times. As part of project BeSeCu,
evacuation behaviour is being investigated throsghveys of people who have had first-hand
experience of real emergencies and through a sefiesannounced evacuation trials. Survivors of
natural disasters (e.g. floods, earthquakes) angk mman-made incidents (e.g. fires in homes and
public buildings, terrorist attacks such as the [/dridon bombings) are being surveyed about their
thoughts, feelings, and actions prior to, duringg after these emergencies. The surveys are being
conducted in several countries — namely, the CRagublic, Germany, ltaly, Poland, Spain, Sweden,
Turkey, and the UK. With samples including adultsdifferent ages, gender, socio-economic status,
and ethnic groups, this part of the project is etgx to generate an evidence base of inter-indaidu
differences that may be used to enhance commumimsagéind procedures in emergency interventions.
In order to have a more rounded perspective of camirations and procedures, the vast professional
experiences of first responders from differenteagiand ranks are also being collected and analysed
An initial study involving focus groups and intezws has already been completed. The data collected
from this phase has been used to develop an imdestionnaire survey that is currently being
administered to a larger number of individuals asroountries.

Two questionnaires — one tailored for survivors Hreother for fire-fighters — have been desigred s
that they tap into antecedents of behaviours (@igr knowledge and experience of emergencies and
evacuations), before focussing attention on a 8peaicident experienced. Questions to survivors
explore such factors as what cues alerted themetprioblem, their interpretation of those cues,twha
further information was sought, how quickly theyrev@ble to escape, and how they chose their exit
route, overcoming any obstacles and challengegyalmm way. It is hoped that participants’ answers
will help identify the strengths and limitations sifich things as fire alarms, emergency signage, and
interactions with emergency responders. Moreovaesd questions will explore scenarios where
survivors were not specifically informed about fm@blem, or official aid in evacuating was not
immediately available. That is, situations wherevisors had to rely on their own senses (i.e. to
notice changes in their environment such as snaikectural damage, or sudden, unusual behaviour
in others) and make dynamic decisions. Did theyemtly interpret what was happening? Who did
they first turn to for help and what was it thagyhactually wanted from them? Were their reactions
automatic and instinctive or more conscious aniwmat? And what did they draw on to help guide
them out? In addition, some factors are being etudicross several different time points (e.g.
emotions, threat assessments), and the questietinfiicus envelops aspects often outside the remit
of fire safety research; that is, what happensauteigors after they are out of the scene of immiedia
danger? What are their practical, psychologicamedical needs and what help is actually made
available to them? What are the longer-term coresecgs of having survived such an incident —
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positive as well as negative? The first resporglegstionnaire should supplement the survivors’
perspective, asking for observations of victim dydtander behaviour, and probing further issues
surrounding communication - both verbal and norbakrLike the survivor questionnaire, it studies
how people make decisions and considers the enabtiand psychological aftermath of being
involved in emergencies. Together, these questimswill provide insight into interactions between
people, their environment and the threat posetidmi and whether such behaviours are universal or
more culture/country-specific. Further detailglirding the questionnaire can be found on the ptoje
BeSeCu websife

The experimental component of project BeSeCu addseissues associated with response times and
the impact of culture. As part of project BeSefieé unannounced library evacuations will be run in
the Czech Republic, Turkey and Poland. ResponasePbehaviours derived from these trials will be
compared with data generated from a similar evamuatonducted in the UK. These comparative
studies are based not simply on response time®mwt framework, developed as part of project
BeSeCu, to describe Response Phase behavidarthis paper we describe this evacuation behavi
framework and present preliminary results from tingt evacuation experiment conducted in the
Czech Republic.

RESPONSE PHASE BEHAVIOURAL FRAMEWORK

In this framework the evacuation process is considered to comprisebroad phases the;
Response Phase and Evacuation Movement Phaseagisex ). The framework attempts to convey
the nature of the human factors processes thataciesise Response Phase behaviours. This
description not only provides a consistent mettmrddescribing Response Phase behaviour, but also
provides a useful framework for classifying and mifging the Response Phase other than simply
using the overall response time. By understandimg) quantifying the factors which influence and
ultimately determine the Response Phase we arerbalile to compare and contrast different
evacuation situations. This in turn can be usedxglore issues such as the impact of culture on
evacuation performance and may even allow us teeldpvprocedures to tune Response Phase
behaviours to optimise response times. Furthermumiag this framework we may eventually be able
to develop predictive models to estimate respansest A key part of the Response Phase analysis is
the determination of the Notification, Cognitiondaictivity stage start and endpoihtsee figure 1).

Notification stage:

The first stage of the Response Phase is the bhtidn stage (see figure 1). In the Notificatitage,
notification cues such as an alarm conveys to tdoemants that an unusual and potentially hazardous
event has occurred, requiring the occupants toustac The notification cues may be a traditional
alarm such as a siren or an alarm bell, a voigenalimtervention by staff or environment cues sash
the smell of smoke etc. The start of the Notifmatstage is marked by the occupants being exposed
to the first cues. During the Notification stape bccupant may (knowingly or unknowingly) ignore
the cues and continue with their normal activiieghey have not accepted or recognised that & cu
are relevant to their situation. For each expasmdipant, the end of Notification stage is marked b
the occupants responding to the notification cuesnbntally and/or physical disengaging from the
tasks they were previously involved in and the gadtion that the cue(s) they have been subjected to
indicate that something unusual may be occurrintpéir environment. At the end of the Notification
stage, while the occupants are alerted that songetimusual is occurring in their environment, they
have not started to physically react to the situmti The end of the Notification stage marks the
beginning of the Cognition stage.

Cognition stage:

During the Cognition stage the alerted occupantsrpnet the information provided by the initial
notification cues, and potentially other sourcesnédrmation (e.g. further incident related cudsffs
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intervention, etc), and decide how they shouldoadsee figure 1). There are essentially threadro
types of response the occupant may decide to waidert

* In the first type of response, the initial notificen cues have been insufficient to convey to
the occupant the immediate need for evacuation santhe occupant re-engages in their
previous activity until further cues or informatiam received. In this case, the Cognition
stage continues until one of the other two possid@onses occur.

* Inthe second type of response, the occupant kagmesed the initial notification cues, and if
they had re-engaged in their pre-notification aftjvany additional cues, as signalling the
need for immediate evacuation. As a result, theupant immediately commences
evacuation movement without undertaking any otleéividy.  In this case the end of the
Cognition stage also marks the end of the Respdéiisese and the beginning of the
Evacuation Movement Phase.

* In the third type of response, the occupant ackedgés that the notification cues indicate
that something potentially hazardous is occurringtheir environment and as a result
undertakes a series of Action and/or Informati@k$amarking the start of the Activity stage.
In this case, cognitions may be occurring at theeséime as activities, activities could be
sparking new cognitions and cognitions could ititiane or more new activities. As a result,
the Activity stage can run in parallel to the Cdigm stage. However, the physical duration
of the Cognition stage is less well defined asayrhave several possible end points and so is
taken to run to the end of the Activity stage.

Figure 1: Framework for describing evacuation behav
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Activity stage:

At the start of the Activity stage the occupantfpens a series of Information and/or Action tasks
which were conceived during the Cognition stage (ggire 1). These are defined as follows:

* An Action task involves the occupant physically ertdking an activity such as: shutting
down a work station; packing work items; packing/ading personal belongings in the
immediate vicinity; physically moving to anothecéadion to perform an action (e.g. fight fire,
collect an item).

* An Information task involves the occupant seekipgyviding or exchanging information
concerning the incident or required course of actind may include; calling someone on the
phone to seek / provide information; seeking / fahimg information in person ; engaging with
electronic media (e.g. television, radio, text gm¥y, etc); investigating the incident.
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Information tasks may thus involve the physical emoent of the occupant; however, what
distinguishes this activity from an Action taskhg end purpose of the movement.

As the Cognition stage may run in parallel to thetivity stage, the occupant may return to the
Cognition stage to interpret new information gainadgsess their current situation and contemplate
their next course of action, which may in turn regdurther Action/Information tasks to be executed
Thus, during the Activity stage, there may be bnefiods where the occupant appears to be
undertaking no specific task. The start of theiviigt stage is marked by the commencement of the
planned tasks while the end of the Activity stagienarked by the completion of all tasks conceived
during the Cognition stage. The end of the Agivatage usually denotes the end of the Response
Phase and the beginning of the Evacuation Movefbase. It is only at the start of the Evacuation
Movement Phase that the occupant begins their pafpbmovement to an exit or stair or place of
safety.

VIDEO ANALYSIS:

Video footage collected from evacuation trials t@nanalysed to determine response times and
Response Phase behaviours. This analysis is akdarframe by frame using software tools such as
Adobe Premiere. In this type of analysis, for thest part, it is not possible to determine the ehd
the Notification and start of the Cognition stag&is is because from the video footage alons it i
difficult to determine when incident related cogpits occur. However, using the video footage it is
possible to determine when someone’s behaviourggsaftom that which they were involved in prior
to the Notification stage to those behaviours defim the Activity stage such as seeking informmtio
packing away belongings and shutting down equipnetot Thus, in the video analysis, the Cognition
and Activity stages are combined and referred rigphli as the Activity stage. As a result the video
analysis provides the following information:

* The start of the Response Phase (i.e. the sténedfotification Stage) which is indicated by
the first notification cues e.g. the sound of ttegra or staff intervention.

* The end/start of the Notification/Activity Stage evb people begin to perform action and
information tasks prior to starting the Evacuati@ovement Phase.

* The number, type and duration of Action and Infaioratasks performed.

* The end point of the Activity Stage and the comneement of the Evacuation Movement
Phase.

* Response Time.

Prior to commencing analysis of trial video footageset of definitions relating to the key Response
Phase stages was developed. These clearly spemifyto identify the start/end points of the
Notification and Activity stages and identify a genof Action and Information tasks that may be
undertaken during the Activity stage. The Actiofdrmation tasks include 15 Action tasks (e.g.,
collect belongings, shut down computer, pickup betg,) and 7 Information tasks (e.g., engage in
information exchange, provide information/instroos to others, move to another location to acquire
information, etc.). The analysis team were th@méd in identifying and categorising the various
Response Phase stages and Activity stage tasksllyf-iprior to commencing data extraction, the
analysis team must successfully complete an iater-rtesting process to ensure that they can
consistently identify the required data.

EQUIPMENT SET UP:

Evacuation behaviour was captured using 22 digitdeo cameras (see figure 2) and a
guestionnaire administered to the evacuees postuatian. The questionnaire consisted of 29
questions and was translated into Czech, the nédivguage of the trial participants. The video
equipment was shipped to the location of the priar to the experiment in six cases weighing altot
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of 126 kg. The trial team consisted of a core pEbple from FSEG and a support team of 11 people
from a neighbouring institution to assist on thg dé the trial. As the trial was unannounced, the
equipment was set up in the library on the niglivteethe trial after closing time and after themat
library staff had gone home. This was to ensuaé tthe minimum number of people were alerted that
something was being planned for the following ddhe trial took place on the 21 October 2009 in
the university library within the Czech Republic.

Figure 2: Second floor of library used in the Cz&gpublic evacuation experiment
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THE EVACUATION TRIAL

The library has a floor area of some 15,000amd has 5 floors, although only 2 floors are
used by students. The students have access tgtaiwve and three routes out of the library. The
library building has mixed occupancy and accommesiataff offices, computer rooms, classrooms,
study areas, reading rooms and auditoria. Tharltinas 25 members of staff and an average monthly
usage of 5000 visitors. The staff of the libraggeives procedural training every two years arel fir
drills are only run at the request of the loca farigade. There had not been a fire drill inltheary
for several years. The alarm system within theahpis zoned and consists of a combination of¢pne
recorded voice and live voice messages. The nafutee alarm message is to first inform the entire
campus population that there is an incident oncdmapus, and then to inform the appropriate sub-
population of the need to commence the evacuatiooegs. The alarm actually consists of several
messages, a translation of the messages that edanrthe day is as follows:

Alarm Sequence 1,t= 0 sedlarm Tone, Alarm Tone — 54 sec duration.
Alarm Sequence 2, t = 54 se®kecorded Voice Message 1:

e ‘“Attention! Attention! | declare the emergency usition. Attention Attention, |
declare the emergency situation.am asking for all employees, students and
everybody else to stay calm and wait for next imfations. Prepare for evacuation.
Attention, attention, prepare for evacuation andt fea next informations. Prepare
for evacuation and wait for next informations” —s2c duration.

Pause - 35 sec duration.
Alarm Sequence 3, t = 113 setive Voice Message 2:
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e ‘“Library, Attention, the evacuation is only for tidéew library building.The other
buildings are not endangered. For evacuation oNéhe library use the main entrance
from library, on the second floor use the corrittothe Aula building and continue to
Aula or continue to the building A — BDo not use lifts and on the stairs people
comming down floor above.have prioroty.Be carefobat your personal safety and
the new library building leave as fast as possible.

e “Attention, all of these information is only foregmew library building. | repeat, carry
out all spaces of the new library buildifgpr evacuation of the new library use the
main entrance from library, on the second floor theecorridor to the Aula building
or continue to the building B. Attention, the ewaton is only for the New library
building.The other buildings are not endanger. | asking for all students,
employees and everybody else to stay calm andfaraitext informations. | repeat,
fire alarm is declared only for the New library loimg, other buildings are not
endangered. Wait for the next information89 sec duration.

e Pause - 184 sec duration.
e Alarm Sequence 4, t = 386 set:ive Voice Message 3:

e Content not clear. — 80 sec duration.

e Entire alarm sequence4$6 sec (7 min 46 setng.

Unfortunately, on the day of the trial, a faultthe alarm system meant that the alarm system ftoled
operate throughout the library. The alarm coulty de heard by the population in the large open
study area (see area covered by cameras 12, 13%nd Figure 2). For the remainder of the
population in the library, the evacuation was &g by staff intervention — where members of staff
went around the library informing the populatioattthey needed to evacuate the library immediately
due to a suspect fire. From the questionnaireisvieae completed, at the time of the alarm, there
were 68 students within the library, 54 within thain part of the library and 14 within the studgar
According to the video analysis, there were 70ettsl within the library for which response timeadat
could be determined, 47 within the main part ofltbiary and 23 within the study area.

TRIAL RESULTS AND DISCUSSION

From the questionnaire, 78% (53) of the studenufatipn was male, 22% (15) were female
and 93% (63) were in the age range 18-24; 6% (4¢ \wethe age range 25-34 and 1% (1) was in the
age range 35-44. Furthermore, 45% (30) were irfiteeyear of study at the University; 12% (8)
were in the second year; 18% (12) were in the theak; 25% (17) were in the fourth or more year of
study at the University (note, one student did spcify their age). Given the failure of the alarm
system, there were two student populations for wthe response time was determined. Population 1
consisted of the students who did not hear theralart responded to staff intervention — a totad of
people. For this population the response timedesasrmined from the point of staff interventionfi
cue and start of the Notification Stage), to thénpwhere the person began purposive movement
towards an exit (end of Activity Stage and starEwhcuation Movement Phase). The response time
distribution for Population 1 is presented in Fg@r As can be seen from Figure 3, the respomee ti
distribution follows the typical log-normal profjlevith over 48.9% of the population responding
within 40 sec. The maximum response time for ploigulation is in the range 80 to 100 sec (2.1% of
the population).

The second group, Population 2, consisted of tipellagion who reacted to the sound of the alarm — a
total of 23 people. As there were four differelatra sequences at t = 0 sec; 54 sec; 113 sec &nd 38
sec; it is possible to determine four differentssef response times, based on each individual
notification cue. If we take the response timebaing determined from the start of the first
notification cue, i.e. the start of the first alamve find that the response times are considerablyer
than that for the population that responded td stéérvention. The shortest response time is &0
while the longest response time is less than 480 3&e shortest response times for this population
are longer than the longest response times for IRt 1. Furthermore, we note that it is not lunti
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the third alarm sequence has sounded do peoplthemdResponse Phase and begin their Evacuation
Movement Phase. Indeed, the first people to gtant Evacuation Movement Phase do so 39 sec after
the third alarm sequence has sounded.

Figure 3: Response time distribution for populatimtified by staff intervention (Population 1)
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This extended response time may be the resulteondture of the alarm messages. The second alarm
sequence (first voice message) informs the populdhat there is no need to evacuate at this point
time. It simply informs the population to prepapeevacuate. It is only at the sounding of thedthi
alarm sequence (second voice message) that théaiopus instructed to evacuate. It is also worth
noting that 43% (29/68) of the student populatiwat tompleted the questionnaire stated that thdy ha
received some form of fire safety training priorthe trial. However, only 2 (3%) of the respondent
claimed that they had experienced an alarm preljionshe building (a T year and ayear student);
thus, almost 60% of the population did not know tthaexpect from the alarm system.

Presented in Figure 4 are the response times asuneelafrom the third alarm sequence. It is a simil
distribution to that which is determined from tleaisding of the first alarm sequence, but shifted 12
sec to the left. Also shown in Figure 4 is an @ation of when the fourth alarm sequence was
sounded (vertical red line). As can be seen fraguré 4, the response time distribution has an
approximate log-normal like profile. Even thoudle fourth alarm occurs some 273 sec after the star
of the third alarm, 39% (9) of the population responly after the fourth alarm. In comparisontte t
population responding to staff notification, 34.8§% of the population responding to the alarm
respond within 100 sec of the third alarm sequence.

Figure 4: Response time distribution for populatiatified by alarm system measured from the third
alarm sequence
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The average response time for Population 1 is g8c3wvhile the average response time for Population
2 (measured from alarm 3) is 193.7 sec (measumd &larm 1, the average response time is 306.7
sec) and the average response time for the entildify population is 92.7 sec. Clearly the
population responding to staff notification resposidnificantly faster (4.5 times faster) than the
population responding to the alarm sequence orresented in Figure 5 is the response time
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distribution for the entire library. This compriseesponse times for Population 1, measured frem th
point of staff intervention and Population 2 measiuirom the sounding of the third alarm sequence.
The long tail of this distribution is a result dfet population responding to only the alarm sequence
with 100% (13/13) of the population with a respotisge greater than 120 sec being notified by the
alarm sequence only while 84% (47/56) of the pdpmriaresponding in under 100 sec being notified
by staff intervention only.

Simply considering the overall response time da#sprovide insight into the nature of the Response
Phase behaviours. To gain a better understanditige dactors contributing to the observed response
time distributions it is necessary to decompose Riesponse Phase into the constitute stages as
identified in Figure 1. If we consider the duratiof the Notification stage for Population 1, wedeo
that 63.8 % (30) of the population have completel Notification stage and disengaged from their
pre-notification activates within 5 sec of the siair the notification cues. The longest Notificati
stage for Population 1 was 45 sec, achieved by §8%f the population while the average duration
of the Notification stage for Population 1 is 7éZs In contrast, the Notification stage for Pofiata

2 was considerably longer. During alarm sequen@-154 sec), only 1 person disengaged from their
pre-notification activities and this was after 14@c, during alarm sequence 2 (54 - 113 sec) 10
persons disengaged after an average of 17.1 sangdilarm sequence 3 (113 — 386 sec) 7 persons
disengaged after an average of 224.1 sec and alfien sequence 4 (386 — 466 sec) 2 persons
disengaged after an average of 9.4 sec. Due tcotnglex nature of the alarm sequence it is difficu

to determine a representative time to disengage fpoe-notification activities for Population 2
however, the average duration of the Notificatitage for Population 2 is 88.6 sec. Clearly, occtgpan
exposed to just alarm notification cues take carsidly longer to disengage from their pre-
notification activities (12.3 times longer) thancapants exposed to staff intervention. The longer
duration Notification stage for the population eged to the alarm will tend to prolong the response
time for these occupants compared to those exgosstdff intervention.

Figure 5: Response time for entire library popolati
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The nature of the personal behaviours exhibitethduhe Activity stage can also be analysed initleta
Presented in Figure 6 is a distribution of the éwtilnformation and total number of tasks undemake
by the entire building population during the Actywistage. As can be seen, the number of Action,
Information and Total number of tasks each followlog-normal distribution. A total of 268
individual Action tasks and 235 Information tasksrevidentified during the Response Phase for the
entire building population. The average number ofign tasks undertaken is 4.3 while the average
number of Information tasks is 3.7. On averagesgn undertakes more Action than Information
tasks and undertakes a total of 8.0 tasks priootomencing the Evacuation Movement Phase.

For Population 1 (staff intervention) we find thlaé average number of Action tasks is 3.6 while the
average number of Information tasks is 2.0, pratyen average of 5.6 tasks performed prior to
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commencing the Evacuation Movement Phase. Furthegrttte maximum number of tasks performed
was 9 Action tasks, 6 Information tasks and theimar total number of tasks was 14. The most
common combination of tasks was 3 Action and 2rimftion and this combination was completed by
10 people. The most common number of Action tagks 3 performed by 13 people and the most
common number of Information tasks was 2 perforimgd?7 people. In addition, the most common
Information tasks, as a percentage of the totalbauirof Information tasks were, “Acquire information
from the environment (looking, listening)” 81% atiehgage in information exchange” 16.8%. The
most common Action tasks, as a percentage of tted tmmber of Action tasks were “Collect
Belongings” 23% of the Action tasks; “Shut down quarter” 17.4%; “Work at computer” 16.8% and
“Collect clothing” 15.5%.

For Population 2 (alarm) we find that the averagenimer of Action tasks is 5.7 while the average
number of Information tasks is 7.4, producing arerage of 13.1 tasks performed prior to
commencing the Evacuation Movement Phase. Furthegrttte maximum number of tasks performed
was 10 Action tasks, 18 Information tasks and tlagimum total number of tasks was 24. The most
common combination of tasks was 8 Action and 6rimftion and this combination was completed by
2 people. The most common number of Action tasks #.5 performed by 4 people and the most
common number of Information tasks was 4 perforimg® people. In addition, the most common
Information tasks were, “Acquire information frorhet environment (looking, listening)” 64% and
“Engage in information exchange” 34%. The most cmn Action tasks were; “Pickup bag” 34%,
“Collect Belongings” 24.5%; “Collect clothing” 1198 and “Shut down computer” 10.4%.

Figure 6: Number of Tasks undertaken for entirealip population
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Once a person is notified by a member of staffy thedertake an average of 5.6 tasks prior to
commencing their evacuation movement phase, comipgaren average of 13.1 tasks for a person
notified by the alarm system. Here we see thatesmm notified by the alarm undertakes more than
twice as many tasks prior to starting to evacuatepared to someone who is notified by a member of
staff. The greater number of tasks performed ey ghpulation exposed to the alarm will tend to
prolong the response time for these occupants cadptd those exposed to staff intervention.
Furthermore, the maximum number of tasks underthigesomeone reacting to the alarm was 24 tasks
while the maximum number of tasks for someone negdb staff intervention is 14. Thus we note
that not only will the average time for those re@agto the alarm be longer than the average time fo
those reacting to staff intervention, the maxim@sponse times for those reacting to the alarmbaill
significantly longer than that for those reactingstaff intervention.
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If we further consider the type of tasks that agt) undertaken, we again see a significant difieze
between the two populations. For those reactingtdéf intervention, the average number of Action
tasks is 3.6 while the average number of Infornmatasks is 2.0. For the group reacting to the glarm
the average number of Action tasks is 5.7 and teeage number of Information tasks is 7.4. Thus,
those reacting to the alarm undertake 3.7 timemasy Information tasks and 1.6 times as many
Action tasks as those reacting to staff intervantidhose reacting to staff intervention spend tess
seeking confirmation or clarification informatioine. undertake less Information tasks than those wh
have been notified by the alarm system. This ithéwr supported by noting that significantly fewer
Information Exchange tasks were performed by thmifation reacting to staff intervention compared
with the population reacting to the alarm. In &ddi, those reacting to staff intervention also
undertake less Action tasks (such as packing umbalgs) than those reacting to the alarm system.

Finally, we note that those reacting to staff imégition undertake fewer Information tasks than dycti
tasks while those reacting to the alarm undertal@emnformation tasks than Action tasks.
Furthermore, those responding to the alarm undenmkportionally more Information tasks (3.7x)
than Action tasks (1.6x) compared to those readbrgfaff intervention. The time to undertake each
individual task can be determined from the videatdge. However, it is difficult to reliably measur
short duration activities when there is uncertaiintythe start and end points of the activity. To
increase the reliability of the measurement, thetitan of only multiple tasks of the same type were
measured. Thus, measurements were made for sequantasks in which at least two tasks of the
same type were undertaken consecutively. Usirgyapproach the duration for a total of 89 Action
tasks and 114 Information tasks were measured. aVheage duration of a single Action task was
determined to be 6.4 sec while the average durati@n Information task was determined to be 9.7
sec. Thus, on average, an Information task takkdithes as long as an Action task. This is a
significant result as it indicates that undertakingny Information tasks during the Response Phase
can severely prolong the response time. The agatagation of Action and Information tasks can be
further broken down to compare the average timeherdifferent populations. For Population 1, the
average time for an Action task (based on 27 taslks 6.5 sec while the average time for an
Information task was 6.7 sec (based on 8 taskBjs dompares with 6.4 sec (based on 62 taskshfor a
Action task and 9.9 sec (based on 106 tasks) fanfammation task for Population 2. While the
average duration of an Action task is virtuallyrideal for both populations, there is a considezabl
difference in the average time to complete an mfdion task. For the population alerted by therajar
not only is it necessary to perform more Informattasks, the duration of these tasks is also longer
compared with the population alerted through staérvention.

Using the above information it is possible to ptzeian empirical predictive model for the average
response time as shown in equation [1].

RT = [NT + (NAT * ATT) + (NIT * ITT)] - [W * X * FOLpax* ATT] +[Y *Z* TNT * (ATT + ITT)/2]  [1]

Where: RT = Response Time (sec); NT = Notificaffoame (sec); NAT = Number of Action Tasks
NIT = Number of Information Tasks; TNT = Total nuertof tasks; ATT = Action Task time
(sec); ITT = Information Task time (sec); FRL= Maximum number of overlapping tasks;
W, X, Y and Z are constants.

In this expression the first three terms on thétrigand side measure the sequential nature of the
Notification and Activity stages. The bulk of thime in the Activity stage is simply made up of the
time required to perform a number of Activity amddrmation tasks. The duration of the Notification
stage, the number and type of tasks and the avdtagton of an Information and Action task are all
dependent on the nature of the notification prooess staff intervention and the type of environine
e.g. library. It is possible that there is alsaHural component to each of these parameters.

The fourth term is a correction factor that takes iconsideration that a proportion of Action tas&a
be performed simultaneously with Information tagtksreby reducing the calculated response time.
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The maximum number of overlapping tasks is dependenthe relative number of Action and
Information tasks and is given by:

FOLmax= NIT if NAT > NIT
FOLmax= NAT if NAT < NIT [2]

In equation [1], the constant W is a measure oflittedihood of overlapping tasks occurring. It is
difficult to estimate a value for this constantf bom observation of the video footage is estirddte

be 25% (W = 0.25); i.e. 25% of the Action tasks rtaye with Information tasks. The duration of
overlap is dependent on the length of time of tioéioh task (ATT) and the degree of overlap (X%).
For the current situation, video observation sutggésat the most appropriate degree of overlap is
100% (X = 1.0); i.e. that the Action task totallyeolaps the Information task.

The fifth term is another correction factor thatds into account brief periods during the Activity
stage where no task is undertaken. This is asstmnled when the occupant is considering their next
course of action and so represents a brief Cogniitage or cognition pause. In this case the
Cognitive stage does not occur in parallel to tleéivity stage but in sequence to it. To compensate
for this a small portion of time, representing ttognition pause, is added to the total response. tim
Cognition pauses can occur following each of thel Tilisks. However, they are observed to occur
significantly less frequently then this, and thepgortion of tasks that are followed by a cognition
pause is represented by a constant Y. From asaf$he video footage, it is suggested that camnit
pauses occur approximately 25% of the time (Y =50.2The duration of the cognition pause is
difficult to estimate as it is variable and contsgecific. In most cases the cognition pausevsrg
brief period of time, while in some cases it carrddatively long. Here it is assumed to be a rpidti

Z of the average time for Action and Informatiosks and we take an overall representative value of
Z to be 20% (Z=0.2).

It should be noted that the constants W, X, Y anda¥ be dependent on the nature of the notification
process; e.g. staff intervention and the type efrenment e.g. library. It is possible that thesealso

a cultural component to each of these constantsinguthe assumed values for these constants,
equation [1] simplifies to:

RT = [NT + (NAT * ATT) + (NIT * ITT)] = [0.25 *FOLuax * ATT] + [0.05 * TNT * (ATT + ITT)/2] [3]

Using equation [3] it is possible to estimate thgponse time for the two populations. For Popartati
1 (staff intervention), we have the following avgeavalues for each parameter,

NTs= 7.2 sec, NAT= 3.6, NITs= 2.0, ATTs= 6.5 sec, ITf= 6.7 sec.

While for Population 2 (alarm intervention), we béte following average values for each parameter,
NT, =88.8sec, NAT=5.7, NIT,=7.4, ATT, = 6.4 sec, ITL = 9.9 sec.

Using the above values in equation [3] we deterrthieeaverage response times as follows;

RTs=42.6 sec and RI= 194.8 sec.

Using equation [3] the average response time f@uRdion 1 is under-predicted by 1.6% while the
average response time for Population 2 is overigtexti by 0.6%. The measured average response
time for Population 2 was 4.5 times as large agribasured average response time for Population 1.
Based on the predictive model, the average resgonsdor Population 2 is also 4.6 times as large a

that for Population 1.

As can be seen, this approach provides a goodagsimof the response times for both populations.
However, more important than this, it provides ughwnsight into the behavioural factors drivingth



Proceedings of the 12" I nternational Fire Science & Engineering Conference, I nterflam 2010, 5-7" July
2010, University of Nottingham, UK, Volume 1, pp. 879-892. ISBN 978 0 9541216-5-5, 201

response time. Thus it is possible to determineittgact of introducing technical or procedural
measures to address various behavioural determimdmesponse time such as the duration of the
average information task, or the number of infororatasks.

CONCLUSIONS

A framework to enable the systematic analysis ofgeese Phase behaviours has been
developed and applied to an unannounced evacuaignin a University library in the Czech
Republic. The framework not only provides a comsistmethod for describing Response Phase
behaviour, but also provides a framework for clgssj and quantifying the Response Phase other
than simply using the overall response time. Bgaratanding and quantifying the factors which
influence and ultimately determine the Responses®hize are better able to compare and contrast
different evacuation situations. In addition, fremework provides an empirical means of predicting
population average response times based on aveuagger of Information/Action tasks, average task
duration and average notification time.

Analysis of the Czech evacuation data suggestshbatverage evacuation time for occupants notified
by the alarm system is 4.5 times longer than ttepaese time for occupants notified by staff
intervention (193.7 sec compared to 43.3 sec). ly&isof the Response Phase behaviours using the
framework revealed a number of significant differes between the two notification groups which
explains the differences in the resultant respdimes for the two groups. Firstly, the population
notified by the alarm take 12.3 times longer tcedgage from their pre-notification activities than
occupants exposed to staff intervention. The lortigration Notification stage for the population
exposed to the alarm will tend to prolong the resgotime for these occupants compared to those
exposed to staff intervention. Secondly, onceerdisged from their pre-notification activities a
person notified by the alarm system undertakeset@gmany tasks on average as a person notified by
staff intervention (13 tasks compared to 6.0 taskbe greater number of tasks performed by the
population exposed to the alarm will tend to prgldhe response time for these occupants compared
to those exposed to staff intervention.

Thirdly, those reacting to the alarm undertaketihizs as many Information tasks and 1.5 as many
Action tasks as those reacting to staff interventi®n average an Information task takes 1.6 tiases
long as an Action task (10.0 sec compared to &} seo the more Information tasks undertaken, the
longer the overall response time. Furthermore |enthie average duration of an Action task was
identical for each population, the average duratiban Information task for the population exposed
to the alarm is 1.5 times as long as that for thufation exposed to staff intervention. Thus ordy

do the population reacting to the alarm undertakeeninformation tasks then the population reacting
to staff intervention, the average duration of afoimation task for the alarm population is 50%
longer than for the population reacting to stafeimention. Thus notification of occupants by staf
intervention reduces the need for occupants taparo many time consuming Information tasks and
furthermore reduces the average duration of arrrmdition task, thereby reducing the overall response
time for the occupants.

This work will be continued by applying the framewdo an evacuation in a UK library and two
other library evacuations within Turkey and Pola#dkey aim of this work is to investigate whether
culture plays a significant role in evacuation babtar. Using the framework, it is planned to explo
whether social culture will impact behavioural detmates such as number, type and average
duration of tasks performed in the Activity stagel @he duration of the Notification stage. It skdou
be noted that even if these factors are not demnole social culture, they are expected to be
dependent on the nature of the environment e.gariib shopping complex, high-rise building, the
nature of the notification system e.g. staff ingartion, alarm, voice alarm, and the level of tnagnof

the occupants. Thus, it will be important to det@e the dependence of the identified behavioural
determinates on type of environment, type of nmitibn system and degree of training.
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Finally, it is worth noting that the nature of thecupant training regime, the nature of the alarm
testing regime (and indeed the failure of the alaystem) and the nature of the voice alarm messages
are all examples of how local fire culture can ictpaverall evacuation performance.
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