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Welcome from Editor 
 

It is my pleasure to bring to you the compiled papers from the Science Day of the AFAC and 

Bushfire CRC Annual Conference, held in the Sydney Convention Centre on the 1st of 

September 2011. 

These papers were anonymously referred. I would like to express my gratitude to all the 

referees who agreed to take on this task diligently. I would also like to extend my gratitude to 

all those involved in the organising, and conducting of the Science Day. 

The range of papers spans many different disciplines, and really reflects the breadth of the 

work being undertaken, The Science Day ran four steams covering Fire behaviour and 

weather; Operations; Land Management and Social Science. Not all papers presented are 

included in these proceedings as some authors opted to not supply full papers.  

The full presentations from the Science Day and the posters from the Bushfire CRC are 

available on the Bushfire CRC website www.bushfirecrc.com. 

 

Richard Thornton 

November 2011. 

ISBN: 978-0-9806759-9-3 

 

 

 

 

 

 

 

 

 

 

Disclaimer:  

The content of the papers are entirely the views of the authors and do not necessarily reflect 

the views of the Bushfire CRC or AFAC, their Boards or partners.  

http://www.bushfirecrc.com/
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Abstract. 
 We review the research literature concerning the effects of stress on human performance of 

complex tasks, and relate these to bushfire survival. The findings from the limited research 

involving potentially painful, injurious or life-threatening situations indicate that high levels of 

anxiety may compromise bushfire survival-related decisions and actions in four ways: 

(a) threats may be overlooked and tasks may take longer than anticipated, with mistakes 

more likely; (b) attention is likely to become narrowly focussed on only a few aspects of the 

situation, while distracting thoughts may intrude; (c) it may be difficult to keep important 

things in mind and hard to remember survival-related information; and (d) forming sound 

judgements and making good decisions may become progressively more difficult. These 

have implications for community bushfire education and incident management. 

Additional Keywords: wildfire, anxiety, cognition, community safety, disasters 
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Evidence gathered following the 2009 Victorian bushfires showed that many whose lives 

were threatened made decisions at the time which further jeopardised their safety 

(McLennan and Elliott 2010). Accounts by residents of communities threatened by bushfires 

indicate that many find the experience stressful (e. g., Kissane 2010; McLennan et al. 2011). 

It is tempting to conclude that residents’ survival-related decision making and actions under 

the stress of imminent bushfire threat may be compromised by stress reactions of fear and 

anxiety. However, to date relatively little systematic attention has been given to the research 

evidence available that stress-related cognitive performance decrements are likely under 

such circumstances, and how stress might compromise survival-related decision making and 

actions by residents threatened by bushfire. 

 In this paper we examine research findings in the stress and human performance 

literature concerning fear/anxiety and cognitive abilities, and discuss their relevance for 

understanding the behaviour of individuals under imminent bushfire threat. We use the term 

‘stress’ to refer to the totality of an individual’s negative psychological experiences 

associated with a threatening bushfire: fear and anxiety in particular; but also worry, 

frustration, anger, and physical discomfort. We follow Lazarus and Folkman (1984) in 

conceptualising such psychological stress as resulting from interactions among three 

elements of an individual’s appraisal of a bushfire threat situation under conditions of 

uncertainty: (i) the likely actions demanded of the individual; (ii) the individual’s self-

perceived ability to cope with these demands; and (iii) the perceived severity of threat posed. 

We distinguish stress, as a negative mood state, from arousal as activation or energisation 

(Cox and Mackay 1985). We acknowledge that individuals differ, both in tendencies to 

experience negative mood states such as anxiety and fear in the face of threats, and in the 

kinds of impacts their fear and anxiety might have on survival-related decision making; 

however, space constraints do not allow us to explore this. 

Method 
The research literature concerned with stress and human performance is extensive. We 

examined reviews by Kavanagh (2005) and Staal (2004) and then made electronic searches 

of data bases (such as PSYCHINFO and Web of Science) for studies of performance in the 

face of potentially life threatening stressors, in field or naturalistic settings. Table 1 

summarises those deemed to be potentially relevant to civilians making survival-related 

decisions and taking actions under the stress of imminent bushfire threat. The criteria for 

inclusion were: (a) the stressors were likely to be perceived as having the potential to cause 

pain, injury, or death; and (b) cognitive performance was (with the exception of a study by 

Keinan et al 1987) assessed in a field or other naturalistic setting. The findings from each 

study are described below in relation to four major aspects of cognition: perceptual motor 

skills; attentional control, memory; and reasoning, judgement and decision making. 

Results and Discussion. 
Numerous studies have examined effects of different stressors on cognition and 

performance, including: fatigue, heat and cold, hunger and thirst, noise, sleep-deprivation, 

time-pressure, workload, and physical and psychological threats, in a range of settings 

including laboratory experiments, simulations, naturalistic environments such as combat 

training, and field settings such as parachuting. The findings, overall, are that stress of all 
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kinds tends to degrade cognitive processes and impair performance (Kavanagh 2005; Staal 

2004). However, there is only a small number of studies where the stressor generated fear 

or anxiety associated with threat of possible pain, injury or death, in a field or naturalistic 

setting. In the absence of systematic research  involving bushfire survival-related decision 

making specifically, we used these studies (involving scenarios such as parachuting, diving, 

rock climbing, and military training) to infer likely effects of imminent bushfire threat on 

cognitive performance (Table 1). 

Perceptual Motor Skills 

Baddeley and Idzikowski (1985) compared the performance of 32 novice divers on a test of 

manual dexterity involving removing and replacing 16 small nuts and bolts in a metal plate, 

using fingers, as quickly as possible. The test was administered three times: practice; 

immediately before an open-sea dive; and at some other time well separated from a dive. 

Heart rate measures indicated somewhat elevated anxiety in the pre-dive condition1 

(Mcontrol = 77bpm; Mpre-dive = 84bpm; increase = 9%). Mean time required on the manual 

dexterity test in the pre-dive condition was 6% slower than in the control condition. 

 Idzikowski and Baddeley (1987) compared the performances of 21 novice 

parachutists in a control condition on a pencil-and-paper letter-search task with those of 25 

novice parachutists on the ground preceding a jump. Heart rate measurement indicated 

elevated anxiety in the pre-jump condition (Mcontrol = 77bpm; Mpre-jump = 119bpm; 

increase = 55%). The mean letter-search time of those in the pre-jump condition was 23% 

slower than that of the control group. Idzikowski and Baddeley also used a pencil-and-paper 

abstract symbol-search task to compare the performances of 13 novice parachutists in a 

control condition with those of 15 novice parachutists tested on the ground prior to a jump. 

Self-reports indicated a higher level of anxiety for those in the pre-jump condition. The mean 

symbol-search time of those in the pre-jump condition was 40% slower than those in the 

control condition. 

 Jones and Hardy (1988) compared the performances of eight students on a 

computer-generated visual reaction time test under control and anxiety-arousing conditions. 

The anxiety was generated by informing the participants that following the test, they would 

be required to jump from a 4.57 metre platform into a dimly-lit foam-mattress filled pit. Self-

reports indicated a higher mean level of anxiety pre-jump. Mean reaction time in the anxiety 

condition was 5% slower than in the control condition. 

 Pijpers et al (2006) asked 12 novice climbers to undertake two traverses of an indoor 

climbing wall, one starting at a height of 0.36 metres (Low condition), and the other at a 

height of 3.69 metres (High condition). The number of limb movements used and the time to 

complete the climb were recorded. Self-reports indicated that participants felt more anxious 

in the High condition (a safety rope meant it was not possible for a participant to fall to the 

floor). In the High condition participants used 19% more movements to complete their 

traverses, and took 72% longer. 

 Hammerton and Tickner (1968) asked 16 minimally trained parachutists to undertake 

a joy-stick controlled visual tracking task in a practice condition, and immediately prior to 

their first parachute jump. Mean heart rate was 81bpm in the practice condition and 118bpm 

immediately prior to jumping (46% increase). Immediately prior to jumping mean score on 
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the visual tracking and control task was 232% worse (more errors) than during practice, and 

162% worse than after their jump. 

 While the perceptual motor tasks varied across the six experiments, in each there 

was a decrement in performance associated with increased anxiety: environmental changes 

took longer to detect, and movements were slower and less coordinated. The implications 

are that residents experiencing high levels of anxiety due to the stress of imminent bushfire 

threat may: (a) be slow to detect some threatening developments in their environment; 

(b) take somewhat longer than normal to complete complex tasks; and (c) be clumsy in 

some of their actions. 

Attentional control 

Kivimaki and Lusa (1994) required 18 male firefighters to navigate an unfamiliar, dark, 

potentially hazardous rescue training labyrinth wearing breathing apparatus while thinking-

aloud over a personal radio and wearing a heart rate monitor. Transcripts of the radio 

transmissions were analysed for task relevance. Mean heart rate at the beginning of the 

exercise was 93bpm and rose to 135bpm (45% increase). The relative amount of task-

irrelevant thought rose by 28% over the course of the exercise, indicating greater 

distractibility as stress level rose. 

 Pijpers et al (2006) asked 17 novice rock climbers to undertake two identical hand- 

and foot-hold traverses of an indoor climbing wall, one in a Low condition, the other in a High 

condition, as described above. They were asked to climb as rapidly as possible, without 

falling, while being alert to report a projected light spot which appeared briefly at irregular 

intervals on the wall in their notional field of view (a safety rope meant that it was not 

possible to fall to the floor). Self-reports indicated that participants felt more anxious in the 

High condition, and they reported only 48% of the number of light spots reported in the Low 

condition, indicating an attentional narrowing, or tunnelling, effect of anxiety. 

 Weltman and Egstrom (1966) tested 15 novice divers with a peripheral-vision light-

detection task apparatus mounted inside their face plate housing, in a training tank and 

during an open ocean dive. Mean detection performance was 31% worse during the open 

ocean dive compared with performance in the training tank, suggesting that the stress of an 

open ocean dive resulted in attentional narrowing. 

 Weltman et al (1971) used the same task as above to compare the performance of 

30 students who believed that they were undertaking the task in a chamber pressurised to 

the equivalent of a depth of 60 feet (18.3 metres); in fact there was no pressurisation. 

Compared with their performance in the surface pressure (control) condition, mean 

peripheral detection was 50% worse. Mean heart rate in the (notional) pressure condition 

was 91bpm compared with 80bpm in the control condition (14% increase). 

 These four studies indicate that maintaining concentration on a primary task 

becomes more difficult; and attentional control is degraded by anxiety so that perception 

becomes more narrowly fixated, or tunnelled. The implications are that residents 

experiencing high levels of anxiety due to imminent bushfire threat may: (a) find it difficult to 

concentrate on tasks central to survival, and (b) fail to notice cues of newly emerging 

dangers—such as embers igniting a roof space. 
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Memory 

Berkun (1964) reported that 15 US army recruits in a fear/anxiety condition involving their 

aircraft apparently having to undertake an emergency landing--‘ditching’--on the ocean 

following engine failure recalled, on average, 28% less knowledge of how to survive a 

ditching compared with a non-anxious control group. 

 Idzikowski and Baddeley (1987) compared the performance of 35 novice parachutists 

in a control condition on a digit-span working memory capacity task with the performance of 

34 novice parachutists on the ground immediately preceding a jump. The mean score of 

those in the pre-jump condition was 19% lower than the mean score of the control group. 

 Leach and Griffith (2008) compared the performance of 14 novice parachutists in a 

control condition, and immediately prior to exiting the aircraft, on an operation-span task 

involving both working memory capacity and processing efficiency. Mean heart rate was 

73bpm in the control condition and 104bpm in the pre-jump condition, an increase of 42%. 

Pre-jump working memory capacity was 44% lower than in the control condition, and pre-

jump working memory processing efficiency was 11% lower than in the control condition. 

 Robinson et al (2008) compared the performance of 10 nautical college students in a 

control condition and immediately after completing a helicopter underwater evacuation 

training survival exercise, using a mental arithmetic test of working memory processing 

efficiency. Post-escape mean working memory processing efficiency on the test was 33% 

less compared with that in the control condition. 

 The findings across the four studies suggest that high levels of anxiety are likely to 

reduce both working memory capacity and processing efficiency, and to interfere with 

retrieval of knowledge from long term memory. The implications are that individuals under 

imminent bushfire threat may have difficulty in: (a) keeping survival-relevant issues in mind; 

(b) correctly interpreting the significance of emerging threats; and (c) being able to 

remember survival-enhancing information—such as safe evacuation routes. 

Reasoning, Judgement and Decision Making 

Berkun (1964) reported three studies investigating the effect of fear/anxiety on ability to 

undertake complex tasks involving reasoning and judgement (detailed accounts are in 

Berkun et al 1962). In the first, 15 US army recruits in an aircraft apparently about to ditch 

(as described above) performed, on average, 10% worse on a form-completion task 

involving complex instructions compared with a non-anxious control group. In the second 

study, 24 US army recruits were required to adjust a radio unit by following complex written 

instructions, under the impression that they were about to be targeted by misdirected artillery 

shells during a live-fire training exercised. Compared with a control group, their mean 

performance decrement was 33%. In the third study, 27 US army recruits were required to 

follow complex written instructions to adjust a telephone, under the impression that they had 

caused serious injury to a fellow-soldier, in order to call for medical assistance. Compared 

with a control group, the mean performance decrement was 18%. Post-experiment de-

briefing interviews and biochemical assays confirmed that the participants had been anxious 

(Berkun et al 1962). 
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 Idzikowski and Baddeley (1987) compared the performance of 20 novice parachutists 

in a control condition on a pencil-and-paper logical reasoning task with the performance of 

26 novice parachutists on the ground preceding a jump. Self-reports indicated a higher level 

of anxiety for those in the pre-jump condition. The mean percentage of correct answers by 

pre-jump participants was 7% lower than the mean score of the control group. 

Keinan et al (1987) compared the performance of 19 undergraduates on a computer-

generated multiple choice analogies reasoning test under control and anxiety-arousing 

conditions. Stress was generated by informing the participants that harmless but painful 

electric shocks might be administered if their performance did not meet a pre-set standard 

and that these shocks might occur at any point during the task (no shocks were actually 

administered). The mean performance in the stress condition was 36% lower than in the no-

stress condition. This was found to be associated with more premature closures (failing to 

consider all alternatives), and more non-systematic scannings (inefficient pattern of 

considering alternatives). 

 These five studies indicate that high-level cognitive processes involved in reasoning, 

judgment and decision making are degraded by stress: there were decrements in the ability 

to apply logic in reasoning, and in the ability to fully and efficiently consider decision options. 

The implications are that residents experiencing high levels of anxiety due to imminent 

bushfire threat may engage in inappropriate survival behaviour, by (a) misunderstanding 

information made available to them; and/or (b) failing to effectively and efficiently consider all 

relevant options available before committing to an action. 

 In Table 1, the mean performance decrement of 232% in visual-motor coordination 

reported by Hammerton and Tickner (1968) appears to be an outlier. It is likely that the large 

decrement resulted from motivational factors rather than anxiety: the tracking task was 

unrelated to participants’ impending jump and they were likely to be preoccupied with 

rehearsing jump procedures rather than undertaking an unrelated research task2. If this 

value is dropped, the unweighted mean decrement across the remaining 18 studies is 30%; 

(for perceptual motor skills = 29%; attentional control = 39%; memory functioning = 33%; 

reasoning, judgement and decision making = 21%). 

Concluding Discussion 
The findings from the stress and performance research literature confirm anecdotal accounts 

and general impressions: the potential negative effects of fear/anxiety on cognitive 

performance are not trivial; residents who experience high levels of fear/anxiety due to the 

stress of imminent bushfire threat are likely to make safety-compromising decisions and take 

actions which jeopardise their safety. Fearful and anxious residents are likely to: (a) be slow 

to respond to indications of threat and to be clumsy in their actions; (b) fail to notice cues of 

emerging threats and become distracted from essential tasks; (c) have difficulty keeping 

things in mind and remembering important information; and (d) find it hard to think issues 

through so as to select the best option to take. 

 The implications for community bushfire safety education include: 

1. It is important to alert residents at risk of bushfire threat that becoming fearful and 
anxious in the face of bushfire threat increases the risk of their safety being 
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jeopardised, and there are actions to take which will lessen the effects of anxiety and 
reduce risk, particularly points 2 - 5 below. 

2. A bushfire plan for the household is essential. Ideally, this should be as simple as 
possible, familiar to all, written, and displayed on a wall or similarly readily 
available—not (notionally) in peoples’ minds, nor on a computer hard drive, nor in a 
drawer ‘somewhere’. 

3. The household fire plan should be discussed by members of the household and 
rehearsed at least once before the fire season. If the plan is to stay and defend, 
regular full practice involving use of all equipment is needed. If the plan is to leave 
then the planned evacuation route to safety should be travelled3. 

4. Household members should carry out a review following their rehearsal to identify 
how things might go wrong and how the bushfire plan might need to be changed. 

5. As much preparation as possible should be completed prior to a day of predicted 
high fire danger weather—both for staying and defending, and if the plan is to leave. 

     The implications for those in incident management roles include: 

(i) Assume, and plan for, anxious and fearful community members making safety-
compromising choices during bushfires4. 

(ii) When conducting incident management training exercises, trainers should 
consider factoring-in illustrative instances of likely safety-compromising actions 
by anxious and fearful community members. For example, injecting a scenario in 
which a car convoy of evacuees is reported to be driving into the path of an 
advancing bushfire in spite of warnings. 

(iii) When preparing alerts and warnings, construct these for a fearful, anxious, 
uncertain audience: be concise, clear, informative, and unambiguous. 

   For researchers, it is highly desirable that future post-bushfire research teams 

interviewing members of fire-affected communities seek information about survivors’ 

experiences which will increase our knowledge of the effects of stress on bushfire survival-

related decision making and actions. As two pioneers of disaster research observed: 

In the laboratory one can produce very frightening (and even traumatic) experiences 

but must stop short of those which constitute a real threat to the continued existence 

and health of the subjects involved--and actual disasters do not “stop short.” An 

experiment cannot introduce the disaster stresses of overwhelming threat to life and 

limb... (Fritz and Marks 1954 p. 26) 
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Notes 
1
 There are large individual differences in resting and active heart rates. Increase in heart 

rate following exposure to a stressor is a frequently used minimally reactive measure of 

stress (Ice & James 2006). 
2 Berkun (1964) noted that in stress/performance research “...it is necessary to measure the 

performance of acts relevant to the stressful environment” (p. 22). 
3 While we are not aware of any research which demonstrates that practice of a household 

bushfire plan enhances bushfire survival there is research evidence from the general field 
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of training which suggests the benefits of practice for subsequent effective actions under 

stress (e.g., Keinan et al 1990; McClernon et al 2011; Zach et al 2007). In relation to 

training and practice to survive helicopter crash underwater escape, Taber (2010) cited 

research reporting overall survival rates from actual helicopter crashes in the ocean of 

66% for those without escape training and practice, and 92% for those with training 

involving practice. 
4 Of 40 household interviews with residents impacted by the Lake Clifton (WA) fire of 10 

January 2011 nine (23%) described taking potentially safety-compromising actions under 

the stress of imminent bushfire threat (McLennan et al 2011, Table 17). 
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Table 1: Fear/Anxiety-related Performance Decrements: Participants; Stressor; 

Potential Implications for Bushfire Survival 

% Mean Decrement 

(Study) 
Participants Stressor 

Potential Implications for 

householders under 

imminent bushfire threat 

Perceptual Motor Skills    

6% reduction in manual 

dexterity (Baddeley & 

Idzikowski, 1985) 

Novice divers Imminent 

open-water 

dive 

Difficulty in assembling 

and handling small 

objects, clumsiness 

23% lower visual letter-

search time; 40% slower 

symbol-search time 

(Idzikowski & Baddeley, 

1987) 

Novice 

parachutists 

Imminent 

parachute jump 

Slow to notice changes in 

the environment 

232% more visual-motor 

coordination errors 

(Hammerton & Tickner, 

1968) 

Trainee 

parachutists 

Imminent first 

parachute jump 

Poor hand-eye 

coordination 

5% slower choice-reaction 

times (Jones & Hardy, 

1988) 

Female 

university 

students 

Imminent 4.6 m 

jump down to 

padded mats 

Slow to respond to sudden 

changes in a threat 

situation 

72% slower climbing time, 

associated with more, 

tentative, limb movements 

(Pijpers et al, 2006 

Novice rock 

climbers 

Height Complex action 

sequences slower to 

complete successfully 

Attentional Control:    

28% reduction in 

maintaining mental focus 

on the primary task 

(Kivimaki & Lusa, 1994) 

Young adult 

male 

firefighters 

Dark, 

potentially 

hazardous 

environment to 

be navigated 

wearing 

breathing 

apparatus 

Difficulty in concentrating 

on an essential task 
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48% narrowing of 

attentional focus (Pijpers et 

al, 2006) 

 

 

Novice rock 

climbers 

 

 

Height 

 

 

Attention is focussed 

narrowly on the main 

potential threat, so other 

emerging hazards may not 

be attended to 

31% narrowing of 

attentional focus (Weltman 

& Egstrom, 1966) 

Novice divers Open ocean 

dive 

Attention is focussed 

narrowly on the main 

potential threat, so other 

emerging hazards may not 

be attended to 

50% narrowing of 

attentional focus (Weltman 

et al 1971) 

Students in a 

pressure 

chamber 

Simulated air 

pressure 

equivalent to 

60 feet (18.3m) 

Attention is focussed 

narrowly on the main 

potential threat, so other 

emerging hazards may not 

be attended to 

Memory    

38% reduction in retrieval 

of survival information from 

long-term memory (Berkun, 

1964) 

Army recruits 

in basic 

training 

Anticipated 

emergency 

aircraft 

‘ditching’ 

Difficulty in remembering 

important survival-related 

information 

19% reduction in working 

memory capacity 

(Idzikowski & Baddeley 

1987) 

Novice 

parachutists 

Imminent 

parachute jump 

Difficulty in remembering a 

correct sequence of 

actions needed to 

successfully undertake 

complex tasks 

41% reduction in working 

memory capacity; 11% 

reduction in processing 

efficiency (Leach & Griffith 

2008) 

Novice and 

experienced 

parachutists 

Imminent 

parachute jump 

Reduced ability to retain 

new information, to 

interpret the significance 

of changes in the 

environment and to 

remember a correct 

sequence of actions 

needed to successfully 

undertake complex tasks 

33% reduction in working Nautical Helicopter Reduced ability to interpret 
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memory efficiency 

(Robinson et al. 2008) 

college 

students 

underwater 

emergency 

evacuation 

training 

the significance of 

changes in the 

environment  

Reasoning, Judgement & 

Decision Making: 

   

10% reduction in reasoning 

and judgement accuracy 

(Berkun, 1964) 

Army recruits 

in basic 

training 

Anticipated 

emergency 

aircraft 

‘ditching’ 

Errors in interpreting 

information; making 

safety-compromising 

decisions 

33% reduction in reasoning 

and judgement accuracy 

(Berkun, 1964) 

Army recruits 

in basic 

training 

Fear of being 

accidentally 

shelled by 

artillery 

Errors in interpreting 

information; making 

safety-compromising 

decisions 

18% reduction in reasoning 

and judgement accuracy 

(Berkun, 1964) 

Army recruits 

in basic 

training 

Fear of having 

accidentally 

injured a 

fellow-soldier in 

a demolition 

exercise 

Errors in interpreting 

information; making 

safety-compromising 

decisions 

7% reduction in reasoning 

performance (Idzikowski & 

Baddeley 1987) 

Novice 

parachutists 

Imminent 

parachute jump 

Difficulty in interpreting 

warnings and  processing 

information in  the 

environment  so as to form 

an accurate assessment 

of the threat and matching 

this survival options  

36% reduction in reasoning 

performance, associated 

with incomplete and 

inefficient scanning of 

decision alternatives  

(Keinan et al 1987 

University 

students 

Threat of 

electric shock if 

incorrect 

alternative 

selected 

Hasty, incomplete and 

inefficient consideration of 

options for survival 

    

 

 


