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This paper presents a case study of an approach for predicting the human response
to a domestic fire, using a combination of atalk-through technique (Kirwan and
Ainsworth, 1992) and sequential analysis (Bakeman and Gottman, 1986). 20
participants were asked what actions they would take upon hearing astrangenoise
intheir house, which they werelater told was afire. Each act wasrecorded andthe
results were compared to previous research in which peopleinvolvedinreal fires
had been interviewed (Canter et al, 1980). A significant relationship was found
between the frequency (Spearman’s rho: 0.694, p<0.01) and sequence
(Spearman’s rho: 0.441, p<0.05) of acts in this study and those from the
interviews with peopleinvolvedinreal fires. Morework is needed to develop the
approach, but this case study indicates that it might have use as alow-cost method
which can be used to predict behaviour in an emergency.

Introduction

Thereislittle guidance for ergonomists attempting to predict the human behavioura responseto
an emergency such as a building fire or an industrial explosion. Predicting behaviour in an
emergency has several useful applications, for example: populating simulation tools which can
be used for training emergency responders; investigating alternativefactory or building layouts
for emergency evacuation planning; or planning for crowd safety and the response to major
emergencies. Basing predictions on previous eventsis not always possible as gaining accessto
data such asincident reports can be difficult, and the behaviours exhibited may be specifictothe
circumstances in which the event occurred. Laboratory studies are also rightly constrained by
ethics considerations which prevent putting participantsin adangerous or distressing situation.
Laughery (2005) recognises theimportance of predicting human performance, and has provided
excdlent guidancefor giving quantitative estimates to support simulating and moddling human
performance. He gives examples of a predictive comparison of interaction methods and of
predicting the workload demands for driving a car. However, his methods are not obviously
applicableto understanding what actions peoplewill take when placed in an emergency, asthey
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require some knowledge of the tasks people will perform or modds of human performance
before they can be used. Neverthdess, they may be useful when attempting to quantify or
analyse behaviours identified through other methods.

Attempts to predict human behaviour are reported in computer simulation literature, as
deveopers of software tools use these predictions to programme computer representations of
peopleto increasetherealism of their simulations. An approach used by several developers of
simulation models isto research published models of human behaviour, thenimplement theseas
code in their simulation tools (Cornwell et al, 2002, Silverman et al, 2006, Pan et al, 2006,
Baines et al, 2005). However, this approach has been described as difficult for the following
reasons. published models of behaviour can be unspecific, un-quantified or incomplete;
insufficient integration exists between different areas of research; devel opers haveinsufficient
knowledge and understanding of psychology and behaviour; and poor communications exist
between peopleworking in social sciences and computer programming (Silverman et al, 2001,
Silverman et al, 2006).

This study is an initial investigation towards a new approach for behaviour prediction. The
approach draws from existing methods used for studying and analysing behaviour. Sequential
analysis (Bakeman and Gottman, 1986) is an established method for studying behaviour, which
involves the study of events or interactions asthey unfold over time, andistherefore particularly
suited to studying dynamic aspects of behaviour. The basic method is to record behavioural
sequences using ataxonomy of behaviours. For example, if aperson displaysbehaviour X, this
isrecorded. Thetype of behaviour displayed subsequently (e.g. Y) isalso recorded, and soon
for a sample of people, for any task/scenario of interest. This data can be used to identify
recurrent sequences of behaviours, and the probability of one particular type of behaviour
following another (e.g. the probability that behaviour Y will follow behaviour X). If theresults
of the analysis are represented in diagrammatical format they can demonstrate the flow of
different behaviours and the probability of moving from oneto another. Furthermore, generic
behaviours can then be abstracted from the analysis.

This technique has already been applied to investigate patterns of behaviour in domestic,
multiple occupancy and hospital fires (Canter et al, 1980). A team of researchers recognised
that fire safety regulations were based upon invalidated assumptions of behaviour in afireand
therefore attempted to gain more detailed and empirical data. Initialy, they obtained
information from thefire brigade regarding the occurrence of different types of fires. They then
attempted to gain statements from witnesses involved in the fires that had occurred,
supplementing this with information from press reports and police witness statements. The
witnesses were asked to describe exactly what they did from the time they noticed something
abnormal was happening, until after they exited the building. These descriptions were
transcribed and were coded against a taxonomy of behaviours. The researchers then recorded
the frequency with which each of the behaviours followed every other behaviour. Fromthisthey
generated decomposition diagrams demonstrating the probability of moving to any one of the
behaviours from any other stage in the sequence. Finally, they attempted to extract generic
models of behaviour which were displayed in all types of residency studied. Thus, sequential
analysis was used as a method for moddl ling and predicting behaviour in emergency situations.
Theapproach presented in this paper aimsto yield the sametype of sequential analysisasinthe
work by Canter et al (1980), but using individuals' predictions of their likely behaviour inafire
rather than actual data from those who have experienced fires. However, sequential analysis
must be applied to observable or recordable behaviours; as atechnique it only describes and
analyses behaviour, it does not generate any behavioural phenomena. For this study, atalk-
through method was selected as an appropriate method of generating the behaviours of interest.



In this method, respondents are simply asked to describetheir actionsin responseto ascenario
or statement. It is a low-cost approach, as no special equipment is required (Kirwan and
Ainsworth, 1992). Furthermore, using the talk-through technique meant that a dangerous
situation could be described and participants’ responses, fedingsand opinions could berecorded
without putting them in actual danger. As this method is low cost and quick to implement, it
was chosen for this study in lieu of observable or reportable behaviour in areal fire.

Method

The method was sdl ected such that the study described above (Canter et al, 1980) could beused
tovalidatetheresultsfrom this case study. 20 participants (10 male; 10 female; mean age= 36,
range = 20-52) were recruited from staff and students of the University of Nottingham.
Participants were allocated a one hour appointment. They were asked to sketch a plan layout of
their house, and identify who would typically bein their house at night-time. Participantswere
then asked to detail, in order, every action they would take after hearing afaint cracking noise
coming from their kitchen, which on investigation they weretold was afire. They weretoldto
stop their description when they reached the point where they imagined they would be
completely out of danger, typically upon exiting their house. If their responses contained
insufficient detail, or if they missed alogical stage, they were probed with statements suchas*|
think you' re missing something there’ or “ I’ d like more detail about the stages between those
acts’. Their stated acts were recorded using alaptop computer, which the participantswereable
to check as it was projected onto adisplay screen. The sketches of the participants' plan views
of their houses were also recorded. Thewhole experiment was conducted with procedureswhich
received approval fromthe University of Nottingham Faculty of Engineering Ethics Committee.

Theexample used wasinformed by anumber of assumptions. First, it wasassumedthat thefire
started in the kitchen as anecdotal evidence suggests that this is where most fires begin (e.g.
Baosley, 2003). Participants were only told they could hear the smoke alarm upon entering the
kitchen. This second assumption was unsupported by data from real fires, but prevented
participants from stating they would exit the property as soon as they heard a fire alarm, a
sequence of events which was experienced in the pilot studies but was not supported by Canter
et al (1980), probably dueto an increase in the prevalence of smoke alarms since the original

study. If participants stated that they would fight the fire, they were told that despite their
attempts, the fire would not be put out. Also, if participants reported that they would send
someone ese to investigate the noise, they weretold that this person informed them that there
was afire upon their return.

The actions described by the participants were coded using the taxonomy of acts generated by
Canter et al (1980). Where participants described an act which could not reliably bemappedto
an act intheoriginal study, new codes and activities were created. The coding of participants’

behaviours was reviewed by an independent researcher to check for consistency.

A matrix was then created in which the number of times each act followed every other act was
recorded. The matrix was used to generate standard residuals for each transition (observed
freguency minus expected frequency, divided by squareroot of expected frequency). Canter et
al (1980) reported these values as “strength of association” and used them to provide
information on the rel ationships between acts on decomposition diagrams (see Figure 2).



Results

Initially, the 49 acts from the original Canter et al (1980) study were scrutinised, and any which
would not have been expected in this case study dueto the example scenario were omitted from
theanalysis. Thesewere mainly related to actions for which insufficient detail was reportedin
the original study, and therefore to usethemin this study would have introduced inaccuracies.
For example: any tasks regarding involvement with smokewere omitted as therewasno dataon
the spread of smokein Canter et al (1980); any act in responseto ancther person, asidefroma
partner returning after investigating thefire, was omitted as again no datawas published in the
original study on the actions of the other people; struggling with fire equipment and any action
relating to someone who was not from the house containing the fire were also omitted. After
this process, 23 of the49 acts originally described by Canter et al (1980) were deemed suitable
for comparison. This corresponded to atotal of 233 statements (or 65%) of all 361 statements
reported in this experiment; 34 statements (9%) were excluded as a result of the process
described above, the other 94 statements (26%) werereported in this experiment but could not
be mapped onto acts in the original taxonomy.

A scatter plot of the results, showing the frequency of comparable acts from the original study
against those from this experiment is shown in Figure 1.
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Figure 1. Comparison of the frequency of 23 acts from Canter et al (1980) to
cor responding acts from this experiment

A Spearman’s rho test demonstrated that a significant relationship existed between the
frequency of acts in the original study which were compared to those from this experiment
(Spearman’ srho: 0.694, p<0.01).

Thetransition matrix was used to investigate the sequence of actions. The standard residuals
were identified for any sequences between the 23 comparable acts for which values were



reported in Canter et al (1980). For these transitions, the correlation between the standard
residuals reported in Canter et al (1980) and from this study was found to be significant
(Spearman’s rho: 0.441, p<0.05). The values used in the comparison are shown on a
decomposition diagramin Figure 2. Thestrength of association valuesfrom Canter et al (1980)
are labelled on arrows which point to subsequent acts; the corresponding values from this
experiment are shown in brackets. There is no meaning in the position or proximity of the

nodes.
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Figure 2. Decomposition diagram showing strength of association values from Canter
et al (1980), and those from this experiment in brackets

Discussion

In thisinstance, the technique demonstrated a statistically significant relationship between the
frequencies of actsfound in this study with thosefrom the original interviews with survivors of
real fires. The sequences of the acts also demonstrated a statistically significant relationship
with thosefromtheoriginal study. Therefore, inthis example, apredictive approach was ableto



provide an indication of how people will behave in a domestic fire. It was achieved with
minimal resources; 20 people each giving up to one hour in a basic office meeting roomwith a
laptop, projector and whiteboard.

There are aspects of the predictive approach which require further development. In particular,
the validity needs to be assessed. Although face validity of this approach appears to below —
sitting comfortably in an office environment during the day is very different to be being woken
by afirein ahomeat night — the approach did produce a reasonabl e prediction of what actions
people will take, when measured against the behaviour of people in actual domestic fires.
However, this study only demonstrates comparability with another study. If accesswas gained
toamore detailed incident report from an emergency scenario, thiswould allow for amorefine-
grained analysis of the behaviours, and would also permit inclusion of some of the acts omitted
fromthis study, such asinteraction with smoke. A more detailed account of human behaviour in
firewould also allow inclusion of timing of acts, as well as frequencies and sequences.
Thegeneralisability and reliability of thetechnigque cannot be eval uated based on this case study
alone: it would need to be repeated and applied to other types of emergency situations. The
Canter et al (1980) study provides results from multiple occupancy and hospital firesfor which
this technique could be applied to investigate the generalisability. Work is already underway to
begin investigating the reliability by repeating this study with afurther 20 participants.
Another limitation of the study is that performance influencing factors such as time-of-day
effects, fatigue and training have not been accounted for. It is acknowledged that thesearelikdy
to influence behaviour, particularly in an industrial setting. However, the study used for
comparison of results (Canter et al, 1980) had no information regarding these factors.
Therefore to include them in this study would have introduced confounding variables. They
should, however, be investigated as part of the future development of this approach.
Theapproach only revealswhat actions the respondents predict they would do; it does not reved
the causes of their behaviours. That is, it attempts to answer the question “what would people
do?’ not “why would they do it?" Obviously the latter would be of interest to an ergonomist
when attempting to fully understand the behaviours, and how they might be influenced by
workplace design or training.

Despite the limitations and further work required, in this example the approach was able to
predict many of the behaviours people may demonstrate in a domestic fire, and gave an
indication of their sequences. Although it does not identify or provide an understanding of the
reasons why people exhibited these behaviours, it was alow-cost and efficient method, which
did not rely on experts or peoplewho have experienced afire. Therefore, it isanticipatedthat it
could haveuseasa“first-pass’ method for predicting behaviour in an emergency, which could
then be supplemented by other moreinvolved approaches. For example, the results from this
study could be used to increase the realism of the computer representations of people in a
simulation tool by incorporating probabilities of various behaviours. Thesimulation could then
be reviewed and further refined through other methods to increaseits validity.

Conclusions

This case study examined the use of a new approach to predicting human behaviour in a
domestic fire. Thetechniquewas low cost and was conducted quickly, yet in this examplestill
gavereasonableresultsfor the frequency and sequences of acts when compared to another study
based on past events. Therefore, it might have use as amethod for predicting behaviour in new
situations for which there is no existing knowledge. However, further work is required on the



method, in particular to test rdliability and generalisability and to devel op greater confidencein
the validity of the results. With development, there is potential for this approach to offer a
variety of uses for understanding how people will behave in an emergency situation. For
example, inanindustrial setting, this approach could be used to generate information that could
help develop appropriate response plans, evacuation procedures, signage, training programmes
or building layouts. It isanticipated that despitethe short-comings, the approach could beused
to quickly obtain indications of how people might behave, with minimal resources.
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