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Abstract 

This thesis investigates the behavioural, cognitive, and psychophysiological predictors of 

failure-to-identify hunting incidents. Approximately twice per year, recreational hunters 

fatally or severely injure other hunters due to mistaking them for a deer (Green, 2003). The 

judicial consequence is the charge of ‘careless use of a firearm’, and organisations send an 

announcement to various media agencies to ‘always identify your target’. Police statements 

indicate that the shooter is almost always 100% certain that they have identified their target. 

Shooters testify about the time they took to watch their target, the anatomical parts of the deer 

they saw, and how they were feeling at the time. However, misidentifications still occur even 

when no deer are expected (Radio New Zealand, 2016), challenging the potential for 

cognitive bias to be a significant causal factor, as outlined in a seminal report into failure-to-

identify (Wilson & Bridges, 2015). This thesis presents six pieces of research, utilising 

qualitative and quantitative research methodologies. A FRAM methodology produced a 

visual depiction of the process of deer hunting, how dynamic hunting is, and how easy it is 

for unexpected variability to cascade into a misidentification. Three experiments were then 

conducted over three years validating simulation as an immersive tool and measuring 

behavioural, cognitive, and psychophysiological responses to a variety of stimuli. The 

experiments produced revealing and, in some cases, concerning data, with hunters choosing 

to shoot obscured animals. The participants for all three experiments provided personality 

data that revealed no apparent association with failure-to-identify behaviour, thereby 

challenging the hunting community’s belief that it takes a certain ilk to make such a mistake. 

This thesis concludes with a review of the validity of publicly available statistics of failure-

to-identify causation (Mountain Safety Council [MSC], 2017) and a final inspection and 

calibration of the initially created Hunting FRAM. The findings of this thesis indicate that 
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there are many contributing factors for the emergence of failing to identify one’s target, and 

hunters are not immune regardless of their age or experience. The thesis concludes with a 

model for safety trainers to apply to make hunters aware of the dangers of target 

misidentification. 
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1.1 Background 

The old man, introducing the boy to deer hunting - “You, boy. By this time, you 

know a lot about guns, but you don’t know a lot about guns and deer together. 

Many a man loses his wits when he sees a big ol’ buck bust out of the bushes 

with a rockin’ chair on his head. Trained hunters shoot each other.  They get 

over-excited and just bang away into the bushes. Mind what I say. A deer ain’t 

a deer unless you can see all of it at once!!! … You mind that gun, and don’t 

pull the trigger until you can see what it is and where it is. Mind, I say.” 

(Ruark, 1953, p. 68) 

Until the 1850s, New Zealand was somewhat devoid of land-based mammals, and then with 

little forethought for the ecological implications, many species of ungulates were introduced 

by the British to populate what they considered to be empty forests (Te Ara, 2019). This 

included 250 red, wapiti, sika, sambar, rusa, axis, fallow, and white deer. Soon after, feral 

pigs, goats, wallabies, rabbits, hares, and possums were introduced to feed the poor, begin 

trading in animal fur, and satisfy the wealthy population’s desire to hunt. This has had an 

impact on New Zealand conservation with many of the introduced species consuming native 

plants, ousting native wildlife, spreading disease, and impacting industry and livelihoods 

(Latham et al., 2020; Ministry of Primary Industries, 2017). However, economic analysis has 

found that big game hunting in New Zealand generates considerable revenue for the country. 

Nugent (1992) provided estimates based on a survey conducted in 1988, highlighting a gross 

expenditure of $100 million and a harvest of 6.5 million animals. Considering inflation, this 

equates to $200 million today, with commercial hunting alone contributing $50 million 

(Deavoll, 2018). A quarter of a million New Zealanders have a firearms license, 70,000 

(converted from 1988 figures of 50,000 using current day population levels) of whom 

regularly hunt on Department of Conservation land (Fraser, 2000). This number increases up 
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to 195,000 for 2017 when including overseas visitors, and private land and guided hunts 

(MSC, 2017). With this number of hunters spread across 8.5 million hectares of conservation 

land (as of 2016) (Ministry for the Environment and Stats NZ, 2018), it is plausible to expect 

that few hunters would ever encounter each other in the native bush. Yet they do, and the 

consequences can be deadly. 

1.2 The dangers of hunting 

Injuries such as strains, breaks and falls are abundant in hunting (MSC, 2017) as indeed they 

are in other outdoor activities that involve traversing the New Zealand terrain. However, 

MSC (2017) report that there were 64 misidentified target shootings between 1979 and 2016, 

averaging 1.7 per year. A misidentified target shooting involves one hunter failing to 

adequately identify their target and firing a shot at another person, having mistaken them for 

a game animal (MSC, 2017). Such acts are commonly defined as mistaken-for-game 

accidents (Slings, Van Durme, & Byers, 2015), and often result in the fatality of the victim, 

significant remorse and regret of the shooter, devastation to both families, and polarised 

views of hunting and firearms usage by communities. 

In response to misidentification and other dangerous activities involving a firearm, the New 

Zealand Arms Code have published seven basic rules of firearms safety (New Zealand Police, 

2013). These rules (p. 4) are: 

1. Treat every firearm as loaded 

2. Always point firearms in a safe direction 

3. Load a firearm only when ready to fire 

4. Identify your target beyond all doubt 
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5. Check your firing zone 

6. Store firearms and ammunition safely 

7. Avoid alcohol or drugs when handling firearms 

1.3 Using the correct terminology 

When misidentification occurs, the hunter has mistaken a human for game; they have failed 

to abide by rule 4 of the Arms Code. However, the term ‘mistake’ may be misleading. 

Instead, using the term ‘failure-to-identify’ ensures that a clear message is sent out that 

misidentifications have legal implications, potentially culminating in a prosecution for 

Section 53 of the New Zealand Arms Act 1983 (Arms Act, 1983) – ‘Careless use of a 

firearm’ (Arnold, 2010; Investigate, 2003; Joliff, 2012; Stuff, 2018; Wane, 2017).  

Similarly, the term ‘accident’ generally conveys a reduced sense of culpability in the 

protagonists of an event. There is nothing accidental about choosing to pull a trigger; the 

decision and responsibility is 100% the hunter’s. Considering the rules of the 2013 New 

Zealand Arms Code (New Zealand Police, 2013), the term ‘failure-to-identify’ used in 

relation to hunting incidents is a more appropriate definition of this behaviour, and thus, this 

term is used throughout this thesis. 

1.4 The nature of failure-to-identify incidents 

Recommendations provided in the Arms Code (New Zealand Police, 2013, p. 7) for rule 4 

suggest refraining from discharging the firearm until the shooter is certain that their target has 

been fully identified; not shooting based on movement, colour, sound or shape alone. This 

section of the code alludes to visual perception errors occurring due to the expectations of the 

hunter (New Zealand Police, 2013, p. 8). Unfortunately, the hunters who commit these acts 
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are often experienced and given that they possess a firearms license, they are certified as safe 

and competent (Watson, 2013). Being aware of the risk of failure-to-identify errors, many 

hunters believe they could not make such a mistake. However, according to the Mountain 

Safety Council (MSC, 2017), a hunter is killed every seven months due to a failure-to-

identify error with a specific focal point during certain months of the year. 

Many incidents appear to occur during ‘the roar’ (Green & Boyes, 2006; Points South, 2020; 

Sunlive, 2017). The roar is a period during the year from March to May when male deer will 

establish their rutting area to attract females into a harem to bear their offspring. During this 

time, male deer are less cautious about human presence and are more likely to approach a 

hunter who is roaring to mimic another stag. This is because the stag believes that another 

stag is challenging their alpha status. It is a popular time of year for hunters, many of whom 

hope to shoot a stag whose head is of high value and achieves a high score on the Douglas 

Score / Safari Club International / CIC System (NZ Hunting Information, 2016). 

Unfortunately, this popular event results in an increased presence of hunters in a defined area 

on public land keen to shoot a prized stag. The influx of hunters account for 31% of yearly 

hunting fatalities in April alone (Flahive, 2018). 

It seems unlikely to hunters and indeed the public that a person could ever be mistaken for a 

deer. Furthermore, it seems incomprehensible that a hunter could genuinely believe they had 

correctly identified their target as a deer when in fact what they were seeing was a person 

(Wilson & Bridges, 2015). However, the Mountain Safety Council has communicated this 

incomprehensibility by producing a series of holographic postcards made publicly available 

to show just how easy it can be to mistake a target even without all the potential additional 



7 

 

influencing factors such as expectancy or challenges to visual perception imposed by foliage, 

lighting, etc. 

An example of these images is presented below in Figure 1.1. Although the pictures on their 

own do not appear to be all that similar, when the images merge, as is the nature of using 

holographic images, the similarity becomes apparent (Mountain Safety Council copyright 

permission granted – Appendix A). Interestingly, most of these types of incidents appear to 

occur at a surprisingly short distance. The Mountain Safety Council (MSC, 2017) concluded 

that, of the 58 daytime failure-to-identify incidents they analysed, 37% occurred at less than 

25 metres, 34% between 26 and 50 metres, and the remainder at a distance exceeding 50 

metres. 

  



8 

 

           

 

Figure 1.1 Images provided by Mountain Safety Council to demonstrate the ease of 

confusing one object for another (copyright permission granted see Appendix A). 

1.5 Would high-visibility apparel reduce failure-to-identify incidents? 

To combat the risk of failure-to-identify hunting incidents occurring and indeed shooting 

when another hunter is within proximity of the trajectory of the projectile exiting the firearm 

(associated with rule 5 of the Arms Code, New Zealand Police, 2013), high-visibility wear 
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was introduced to reduce the chances of hunters firing at or in proximity of one another. 

Some countries (not including New Zealand) mandate the use of high-visibility wear in 

hunting as a legal requirement (International Hunter Education Association [IHEA], 2020a). 

However, even with legally mandated requirements, criminal prosecutions from hunting 

incidents have known to be lacking (Decker, 2004). 

The IHEA, based in the United States of America, examined a range of research articles to 

determine the most appropriate colour of high-visibility apparel and concluded that:   

Absent of any scientific evidence to the contrary, the IHEA-USA reaffirms our 

recommendation that Hunter Orange is the most effective color to be worn by 

hunters in the field to prevent hunting incidents. No nationally recognised study 

has established or verified standards for the wavelength, luminance, or excitation 

purity required for visibility of any colour other than Hunter Orange in natural 

environments by human observers. Hunter Orange should have a dominant 

wavelength between 595 and 605 nanometers, a luminance factor of not less than 

40%, and excitation purity of not less than 85% (IHEA, 2020a). 

Contrary to the IHEA’s assertion of no scientific evidence, a study conducted by Cina et al. 

(1996) comparing numbers of failure-to-identify incidents before and after the introduction of 

a law mandating orange wear, found that the use of hunter orange led to a statistically 

significant reduction in failure-to-identify incidents based on a comparison of 34 incidents 

that occurred before the law mandating orange wear, compared to 24 after the enactment of 

the law. 

Research into high visibility apparel conducted for the New Zealand Police concluded that 

orange and blue held their clarity regardless of the lighting conditions, while yellow often 

becomes less distinct in natural light, thus it was recommended that a variety of colours 
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should be used depending on the light and environmental conditions (Greenwood & 

Greenwood, 2003). Research into high-visibility colours has concluded that, although being 

discernible by humans, orange is less perceptible to deer, especially with the removal of 

ultraviolet brighteners used in many clothing products to enhance the garment’s colour 

(Green, 2003). However, the use of orange has not been without dispute. Many colours are 

used within the hunting industry in New Zealand (orange, yellow, green, blue, pink) but most 

(including orange) are considered less discernible as the light fades, because colour vision 

becomes less sensitive, effectively making them all appear as shades of grey (NZ Herald, 

2012). Anecdotes from the hunting industry suggest that orange wear, once worn and faded, 

which occurs very quickly due to sun damage, can appear similar to the summer coat of a red 

deer (Price, 2012). Thus, the garment intended to differentiate humans from a range of 

ungulates now has the potential to contribute to the issue of failure-to-identify incidents. As 

the IHEA alluded to in their quote above, there is a lack of objective empirical evidence into 

the effectiveness of high-visibility colour in hunting contexts, and indeed a lack of research 

into the causes of failure-to-identify hunting incidents worldwide. This dearth of research 

results in the bulk of analysis focusing on retrospective data such as the causal and 

contributing factors of incidents (Slings et al., 2015), using similar data to recommend 

changes in hunting regulations (Conlin, Dickert-Conlin & Pepper, 2009) and resulting in the 

need to rely heavily on existing psychological theory (Wilson & Bridges, 2015). 

1.6 What can psychology contribute to failure-to-identify incidents? 

Wilson and Bridges (2015) compiled a white paper for a New Zealand organisation that was 

keen to use technology to reduce failure-to-identify hunting incidents. Inattentional blindness, 

an individual’s inability to perceive an unexpected stimulus that is in plain sight (Simons & 
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Chabris, 1999), was examined in the report as a potential contributing factor in failure-to-

identify incidents. However, there is little understanding of the individual traits that could 

predict the occurrence of the phenomenon (Wright, Roque, Boot, & Stothart, 2018). 

Furthermore, individuals tend to overestimate their ability to perceive such visual changes 

regardless of their conscientiousness (Wright et al., 2018), thinking there is ‘no way’ they 

could miss such an obvious stimulus (Levin, 2002). However, in a study conducted by Drew, 

Vo and Wolfe (2013), radiologists were given images of chest scans and asked to perform a 

standard lung nodule detection task. A picture of a gorilla 48 times larger than the size of a 

lung nodule was inserted in the final scan. Eighty-three percent of the radiologists did not 

notice the gorilla, even though eye-tracking technology showed that they had looked directly 

at the location of the gorilla (Drew et al., 2013). The testing of expert judgments would 

appear to be more conducive with failure-to-identify incidents, which generally occur with 

more experienced hunters. 

Heuristics and expectation bias could bear relevance to hunting incidents. Heuristics refer to 

the mind’s ability to use mental shortcuts to produce adequate solutions to everyday 

problems. Although highly efficient, the use of heuristics can result in an error due to the 

information it relies on being susceptible to cognitive bias by the individual. In a hunting 

context, it is plausible that the expectation of a hunter that deer are nearby could override 

their ability to perceive another hunter, causing the unexpected hunter’s presence to be 

ignored. Incidents and close calls have been reported anecdotally including two hunters, each 

equipped with a horn or electronic device, “roaring each other up” thinking that they had 

attracted a stag. As a result, the decreasing proximity to one another and lack of awareness of 

each other’s presence has led to dangerous and fatal outcomes. 
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Expectation bias has been known to frustrate many best endeavours associated with 

molecular biology (Dauter, Weiss, Einspahr, & Baker, 2013), teaching outcomes (de Boer, 

Bosker, & van der Werf, 2010), impacts of violent video gaming (Hasan, Begue, & Bushman, 

2012), aircraft maintenance (Donner, 2012) and even considerations of whether there is a 

market for the smartphone (Thuraisingham, 2013). However, expectation bias is only one of 

175 identified biases (Benson, 2016) and Wilson and Bridges (2015) bring attention to other 

biases that may influence the ability of the hunter to correctly identify their target. 

Heuristics and cognitive biases occur in all walks of life. A hunter who is unable to use 

heuristics would likely be unsuccessful as the time taken to deliberate too purposefully would 

almost certainly result in their quarry becoming aware of the hunter’s presence and leaving 

the area expeditiously. It is important to note that an individual would not be successful with 

most things in life without the benefits of heuristics.  

In the aftermath of a failure-to-identify incident, another cognitive bias becomes apparent. 

Known as the ‘fundamental attribution error’, defined as the tendency to place the blame for a 

negative outcome on assumed factors within the individual (such as recklessness or 

carelessness) rather than on environmental or situational factors (Sullivan, 2009). In effect, 

the general population, including hunters and nonhunters, become ‘judge, jury, and 

executioner’ with minimal understanding of the circumstances that led to the incident. It may 

be easy for many to pass quick judgment on a hunter who has fired in error when it is likely 

that the unconscious processes or contextual circumstances that have led to the hunter failing 

to identify their target are not understood. The general view of those critical of hunting might 

suggest that hunters should be more organised to be safer and less ‘heuristic’. However, the 

biggest problem with this is that if heuristics do occur in target identification, they tend to 
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operate outside of conscious awareness (Green, 2006). Hunters do not expect to see another 

individual and therefore when movement occurs the expectation bias triggers, and thus the 

perception is that a deer must be making this movement. When multiple cognitive biases are 

present and the movement by something other than a deer occurs, the likelihood is that the 

situation will end with unexpected consequences for all involved (McCammon, 2004). 

Hunters who have fatally shot another individual due to failure-to-identify errors state that 

they studied their targets for two to three minutes, perceiving multiple features of a deer 

before shooting (Stuff, 2015; Watson, 2010). There is a time lapse between every stimulus an 

individual encounters and their response to that stimulus, but perceived and actual duration 

are likely to differ (Matthews, Stewart, & Weardon, 2011). Psychological duration has been 

researched for over 100 years, dating back to James (1890). Despite the critical role of time 

perception, various nontemporal aspects of stimuli can influence its apparent duration 

(Matthews et al., 2011). Context and task are influencers of time perception, but laboratory 

studies into this phenomenon have been criticised due to having a limited relationship with 

timing in the real world (Matthews & Meck, 2014). Anecdotally, based on recent incidents, 

hunters identify their target beyond all doubt, feeling certain that they are looking at a deer 

and have been doing so for considerable time. This erroneous certainty about a target at a 

short distance suggests that unconscious phenomena are evident and disrupting the hunter’s 

cognisance or awareness of the situation. 

Situation awareness is well documented (Endsley, 1995b) and suggests a three-stage model 

of sensing, comprehending and projecting as a precursor to executing a decision. Stage 1 – 

Sensing – relies on the operator picking up perceptual information; Stage 2 – Comprehending 

– determining if this information is important; Stage 3 – Projecting – forecasting the outcome 
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of a decision to be made based on the available information. Situation awareness has been 

well studied across a broad range of industries such as aviation (Jankovics & Kale, 2019), 

offshore drilling (Roberts, Flin, Cleland & Urquhart, 2019) and rail (Rose, Bearman, Naweed 

& Dorrian, 2019). Situation awareness has been argued to the extent of whether it is an 

individual experience or distributed across teams (Salmon, Stanton, Walker & Jenkins, 2009). 

As indeed, the best approach to measuring situation awareness at the critical moment being 

investigated or retrospectively after the event (Endsley, 2019). As a result, is difficult to 

ascertain when the best moment to measure hunting situation awareness focusing on failure-

to-identify particularly given firearms with live rounds are involved and the incident rates are 

so low. 

In the aftermath of an incident, it is not clear what biases are present to those investigating. 

However, the view that such an act is inconceivable to anyone of sane mind and good intent 

usually results in the ‘offender’ initially experiencing the full brunt of the law and suspicion, 

until their case appears in court. Once the media report an incident to the public, views 

(potentially sensationalised) about the causal factors, how the incident could have occurred, 

and what the repercussions are become polarised and vocal within the hunting and 

defendant’s communities. Any attempt to change public attitudes of the hunter’s conduct 

would not work regardless of the amount of advertising (Rohlfing, 1978). Even discussion 

about breaches of rule 4 of the Arms Code in hunting clubs will highlight the views of 

hunters based on personality, recklessness, experience, and many more notions of causation. 

Although these views are valid, there is a risk concerning another bias discussed in Wilson 

and Bridges (2015); that of optimism bias and the belief that this sort of incident would not 

happen to oneself. Hunters charged for killing another individual have reported believing 
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they could never make such a mistake (Watson, 2003), a viewpoint held across many hunting 

clubs in New Zealand. The reality is that most hunters do not go out to shoot their son (Stuff, 

2015), best friend (Watson, 2003) or an innocent individual (Watson, 2010). Thus, although 

psychology may have a role to play in failure-to-identify incidents, due to the lack of 

research, any applicable theory should be rigorously tested in a realistic hunting context. 

1.7 Can technology aid visual search and target acquisition? 

Searching for a target such as a deer or one’s car keys is a ubiquitous task of considerable 

importance. Although it allows us to find the objects we are looking for, visual search also 

helps us to respond to objects that may pose an immediate danger. The danger is especially 

pertinent in military operations (Sutherland, 2010). When misidentifications occur, 

particularly in a military context, friendly fire incidents are often the outcome. As a result, 

research has assisted in developing technological solutions to prevent friendly fire by 

providing an alert that someone has targeted another on the same side (Bryant & Smith, 2009; 

Ho, Hollands, Tombu, Ueno, & Lamb, 2013).  

Similar technology is available for hunting, but unlike the military, the technology has been 

met with limited commercial success. Technologies available in New Zealand include the 

C-Me™ hat designed by Rob Dexter, Iris™ developed by Seen Safety Ltd, and numerous 

electronic warning beacons developed by Justin McCabe and Anthony Gilmore. All these 

devices aim to alert the hunter to the presence of another hunter in the area. The C-Me™, a 

hat with visual alerts worn by the hunter, has no reliance on other hunters wearing the same 

device or supporting equipment, which is not the case for the other detection devices. The 

other devices rely on picking up signals from another device of the same manufacture, or 

proprietary apparel such as reflective jackets, strips, or hats. Therefore, the only way one of 
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these devices will work is if a hunter who has unwittingly entered an area that they should not 

be in, has the same device or reflective strips required for the residing hunter’s device to 

detect. As a result, the alert generated by these devices changes the context of the situation 

immediately from hunting an animal to avoiding shooting another hunter or becoming a 

target oneself. However, hunters believe that such devices lull them into a false sense of 

security. The hunter could be easily compromised if another hunter without this equipment 

approaches, suggesting that the device could incorrectly advise that it is okay to shoot based 

on limited visual information of a target because the device is not producing an alarm. 

Unfortunately, many of the hunting community do not understand that these devices are just 

another layer of protection aiding the hunter together with all the other skills and tools they 

currently use to identify game. An organisation responsible for developing one of these 

products demonstrated their device’s efficacy in human trials (Optimal Usability, 2012).  

Contextual cues from warning devices are generally predictive and provide relevant 

information that influences search behaviour. However, when visual searching takes place, 

eye movements are guided by a combination of retinal input and information about the target 

stored in working memory (Kotowicz, Rutishauser, & Koch, 2010). As a result, it is unclear 

at what point target identification occurs; in the peripheral vision or when the participant 

fixates upon their target. Kotowicz et al. (2010) investigated whether fixation locations are 

chosen based on a combination of information about the target and the visual input. They 

found that participants identified their target even when fixating on it for less than 10ms. 

Longer fixations on the target did not increase detection performance but increased 

confidence, thereby illustrating the distinct role of the final fixation for the subjective 

judgment of confidence rather than accuracy (Kotowicz et al., 2010). These findings suggest 
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that hunters who fixate on their object of interest are seeking evidence to bolster their 

confidence, effectively confirming and favouring information that affirms their initial 

assumptions. This information may be visual or stored in the hunter’s memory.  

Visual search relies on visual acuity, the sharpness of the retinal focus, the health and 

functioning of the retina and the interpretative faculty of the brain (Cline, Hoffstetter, & 

Griffin, 1997). It is of vital importance for anyone to be able to see clearly when they are 

searching for a target, particularly in the case of clay shooting which requires rapid visual 

search for and rapid shooting of the target (Abernethy & Neal, 1999). However, hunters in 

dense bush areas, are not often afforded the unobstructed view to the target that clay shooters 

experience, nor would they shoot rapidly. Hunters must differentiate between background 

(and foreground) matter, particularly trees and a variety of flora, and the deer they hunt in 

ever-changing light levels typical of a woodland or bush environment. The hunter’s eyes will 

accommodate for decreased light (pupil dilation), which has been shown to impair selected 

tasks and visual performance, albeit in a driving paradigm (Wood, Garth, Grounds, McKay, 

& Mulvahil, 2003). It should also be noted that pupil dilation can be a product of 

noradrenaline released from the locus coeruleus and this is associated with emotional and 

psychological arousal (Privitera, Renninger, Carney, Klein, & Aguilar, 2010); the physiology 

is introduced later in this chapter. 

1.8 Could age and experience help prevent failure-to-identify incidents? 

Green (2003) surveyed 21 hunters who had experienced a failure-to-identify incident that 

resulted in them shooting another individual. Of those 21, 14 (66%) were considered 

experienced. However, the definition of experience often fails to acknowledge that some 

hunters may go hunting only once a year, while others hunt more regularly due to their 
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proximity to hunting grounds. A hunter who has hunted weekly for one year would, in effect, 

have the same number of hunting excursions as someone who has only hunted four times per 

year for 13 years. However, it becomes difficult to determine who is the more experienced 

given that the length of time between hunting excursions differs.  

MSC (2016a) advises that no matter what your experience, ‘Your mind can convince itself 

that the target is what you want it to be and be aware that complacency can creep in with 

experience’ (p. 8). MSC (2017) then asserts that failure-to-identify hunting incidents could 

also be related to a specific generation, given that more failure-to-identify incidents occurred 

with younger hunters in the 1970s and older hunters today. Examining the graphical 

presentation of shooters’ ages by year (MSC, 2017. p. 46) and comparing these with the 

number of failure-to-identify incidents, there appears to be a positive correlation, with failure-

to-identify incidents increasing as shooters’ ages increase. Part of the problem may be related 

to eyesight and since 1963, in the United States of America, attention has been placed on the 

slow deterioration of vision that occurs with age, deterioration that hunters do not notice 

(Congressional Record, 1963). In 2016, following a failure-to-identify fatality in the Ruahine 

Ranges, New Zealand, the 58-year-old shooter, reflecting on their own decisions and 

behaviours, called for mandatory eyesight testing for licence holders when they realised that 

their degraded vision due to age was a contributing factor to the incident (Harper, 2016). 

1.9 Can psychophysiology explain failure-to-identify incidents? 

The roar is a time full of anticipation. Viewing the hunting social media will attest to the 

increase in excitement and the ‘need’ to shoot a prized stag. However, with increased 

excitement comes the increased biological activity of the body and brain, and currently, there 

is little understanding of its ability to influence failure-to-identify incidents. However, 



19 

 

hunters recognise this excitement; ‘buck fever’ and ‘snap shooting’ are two terms repeatedly 

used in the hunting community. The former relates to biological processes hindering the 

focus of the hunter, and the latter relates to the behaviour of the hunter who fires at their 

quarry within a much-reduced period. 

The notion of buck fever is defined by the subtle nervousness hunters experience when they 

first sight game (Texas A&M University, 2016). However, it has also been defined as 

something more extreme such as narrowed vision, sweating hands, loss of motor control, loss 

of hearing, the slowing down or speeding up of time, and a rapid heart rate, all causing 

hunters’ minds and bodies to break down (Wood, 2012). There is a suggestion that buck fever 

is manageable (Adams, 2019), even beatable (Honeycutt, 2016). However, with no empirical 

evidence supporting the efficacy of coping mechanisms during the onset of buck fever, the 

only option for hunters is to utilise strategies associated with calming down in a stressful 

situation regardless of whether they can quell any unconscious biological processes that are 

activated.  

Buck fever is considered similar to the emotions experienced in military close-quarter combat 

(Steel et al., 2016; Wood, 2012). Research has shown increased arousal associated with 

military personnel committing friendly-fire incidents (Leiberman et al., 2016) and police 

officers prematurely shooting a perceived armed offender (Nieuwenhuys et al., 2015). Thus, 

these erroneous actions appear to compare with failure-to-identify hunting incidents. 

However, the contexts of hunting, military operations and police activities are considerably 

different, and caution should be used when drawing direct comparisons. Hunting is not likely 

to share the depth of perceived personal risk of injury or death that is found in military and 

police operations.  
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There are psychophysiological indices associated with decision making concerning deadly 

force judgment (Johnson et al., 2014). The neurotransmitter noradrenaline and thus, the 

resultant adrenaline (the hormone) are considered significant protagonists in cases of friendly 

fire (Honeycutt, 2016). Adrenaline (or epinephrine) and noradrenaline (norepinephrine) affect 

blood pressure (Honeycutt, 2016), metabolic pressure (Texas A&M University, 2016), pupil 

dilation (Preuschoff, ‘t Hart & Einhäuser, 2011), skin conductance (Linnman, Zeidan, 

Pitman, & Milad, 2012) and heart rate fluctuations (Perlsweig et al., 2017). With its major 

site of release being the sympathetic nervous system (Rogers, n.d.), noradrenaline is also 

associated with impulsivity (Herman, Critchley, & Duka, 2018). Similarly, higher 

testosterone men and women make more impulsive and riskier choices than those with less 

testosterone, albeit in gambling (Stanton, Liening & Schultheiss, 2011). Interestingly, the 

concept of impulsivity was introduced over 30 years ago to explain some hunting incidents 

(Jackson, Norton, & Moe, 1984). 

Regarding behavioural arousal and impulsivity, correlations have been found between 

measurements of activity in the bilateral ventral amygdala (emotions, memory and survival 

instincts), parahippocampal gyrus (memory encoding and retrieval), dorsal anterior cingulate 

gyrus (cognition and motor control ), and bilateral caudate (storing and processing memories) 

(Brown, Manuck, Flory, & Hariri, 2006). In the context of hunting, another physiological 

response to arousal is increased heart rate. In a study conducted by Stedman and Heberlein 

(1997), ten hunters participated in 56 game hunts and heart rate data were collected. Results 

showed a strong increase in mean heart rate when hunters experienced close encounters with 

game (Stedman & Heberlein, 1997). 
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Similarly, goal-directed behaviour involves different functions and brain systems associated 

with the interaction between arousal (associated with subcortical brain systems) and 

inhibitory control (related to frontal brain regions) (Weinbach, Kalanthroff, Avnit, & Henik, 

2015). Arousal modulates the engagement of the hippocampus-based ‘cognitive’ system in 

favour of a striatum-based ‘habit’ system in learning and memory (Maran et al., 2017). It is 

plausible to consider that these brain structures activate during hunting and result in a more 

rigid, less dynamic response, with the hunter doing (with limited information concerning the 

identification of their target) what they have done numerous times before; pulling the trigger 

and shooting a deer. Considering that most hunters are male, it is of interest to note that 

research has found greater impairment to cognitive flexibility in men compared to women 

during times of acute stress (Shields et al., 2016). Given that male hunters are having these 

failure-to-identify incidents, this further supports the argument that the origins of failure-to-

identify incidents may reside in psychophysiology.  

1.10 Personality and risk-taking behaviour 

Data collected during discussions with the hunting community regarding failure-to-identify 

incidents show that the hunting community believes that the personality of the shooter may 

be a major cause. These opinions appear to be more prevalent when the hunter is well known. 

Negative comments were made regarding a specific shooter suggesting that his personality 

was the cause of a failure-to-identify incident, irrespective of the cognitive, situational, and 

psychophysiological processes that may have played a causative role (Joliff, 2012). 

Interestingly, the shooter stated that a specific item of clothing (in high visibility orange) 

worn by the deceased was mistaken for part of a red deer. This suggests that visual 

identification rather than personality was the major cause. 
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Risk-taking is part of hunting as the hunter battles against the odds (time of day, remaining 

stealthy, equipment, perceptions) that weigh up against them (Willmore, 2014). However, the 

point at which the risks outweigh the benefits is not well documented. In the context of 

search and rescue, Lois (2003) suggested that rescue workers conducting ‘edge work’ 

(voluntary risk taking) strive for a balance between safe and dangerous behaviour. Rescue 

workers were defined as natural thrill-seekers; constantly aware of and constantly striving to 

control the emotional rush of tackling high-risk situations, avoiding going over the edge and 

putting themselves and their co-workers in jeopardy (Lois, 2003). Personality traits and 

attitudes associated with risk-taking are correlated with problem gambling (Mishra, 

Lalumiere, & Williams, 2010). Thus, it may be possible that pulling the trigger at a hunted 

quarry is a gamble for some hunters given their personality. 

Although there is an argument that failure-to-identify incidents occur with increasing age 

(MSC, 2017), risk-taking is often more associated with the young. For example, risk 

perception of cell phone usage while driving (Hallet, et al., 2012) is more prevalent in 

younger drivers. However, the societal demands of responding to text messages may be more 

pressing for the younger generation. Reinforcement Sensitive Theory (RST; Gray & 

McNaughton, 2000) provides insight into the processes influencing risk-taking behaviour 

(Maher, Thomson & Carlson, 2015). Utilising the RST, Maher et al. (2015) found that reward 

sensitivity had an encouraging effect on risk-taking behaviour, and punishment sensitivity 

had a negative effect, with the latter effect being more prevalent in women. Risk propensity 

has been shown to occur at a higher rate in males than females (Mishra & Lalumiere, 2011), 

which may offer additional understanding of hunting behaviour. 
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All failure-to-identify incidents have involved a male shooter, but the context of each 

situation is pertinent. Behaviour is the product of decision making designed to solve adaptive 

problems that are situational and context-specific (Daly & Wilson, 2001). Thus, comparing 

different industries or activities with hunting in terms of risk perception should be conducted 

with caution. Individuals may exhibit risk behaviour due to either being under-sensitive to 

adverse consequences (potentially driven by optimism bias) or over-sensitive to rewards (a 

successful hunt). However, there is no research to determine any potential sensitivity 

associated with hunting outcomes. 

The closest comparison to hunter behaviours available in research investigating the 

personality of the hunter involves a study of the Hadza, one of the last known hunter-

gatherers living in rural Tanzania (Smith & Apicella, 2019). Comparing a community who 

practice a foraging lifestyle with a sexual division of labour (the men hunt while the women 

plant) (Marlowe, 2010), amongst scarce food and water supplies (Apicella, 2018), with the 

abundance and lifestyle of New Zealand hunters is tenuous at best. However, honesty, hard-

working, and generosity (Smith & Apicella, 2019) are traits favoured within most western 

cultures therefore comparisons between New Zealand hunters and those in other western 

countries may offer more accurate insights. 

1.11 Human factors and resilience engineering 

Human factors and human error have been studied extensively since the Second World War, 

even though the earliest known records of human factors date back to 1898 (Derksen, 2014). 

Everything designed, built, and implemented is the result of human activity, and this is no 

different to everyday behaviour, including the decisions we make, and the actions taken 

based on those decisions (Pasman & Rogers, 2015). Thus, behaviour and cognition are 
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products of a complex system of many moving parts. As a result, there are many theories of 

system safety and the impact on decision making; for example, the Domino Effect (Heinrich, 

Peterson and Roos, 1980), Cognitive Reliability and Error Analysis (Hollnagel, 1998), the 

Swiss Cheese Model, (Reason, 1997), and the Systems Theoretic Accident Model and 

Process (Leveson, 2011). However, many of these theories fail to account for everyday 

variability that can lead to unpredictable consequences. Evidence from a multitude of failure-

to-identify incidents presents a wide range of causal and contributing situational and human 

factors (Slings et al., 2015).  

The Efficiency Thoroughness Trade-Off (ETTO principle) appears to address the trade-off 

between a productive and safe activity (Hollnagel, 2009). The ETTO principle defines the 

compromise between doing a task quickly and doing it well or safely. In the extreme, it 

means that a job is never completed perfectly unless infinite time is provided (Pasman & 

Rogers, 2015). An example of this is presented in Hollnagel (2009), focusing on foraging 

birds that have to weigh up the risk of not eating with the risk of being eaten by predators 

(when their attention is on hunting their food source). Each action detrimentally affects the 

other; looking for predators for too long means the bird goes hungry but focusing on eating 

risks becoming food themselves. Although birds may not have the decision-making capacity 

of human hunters, this example serves as a demonstration of potential conflicts in action. 

Foraging for food is not the same every time, and indeed neither is the process of hunting; 

hunters report anecdotally that no two hunts are the same. If uniqueness is the case, then it is 

plausible to consider that the decisions around efficiency (shooting a deer) and thoroughness 

(being safe) are different every time and the resilience of the hunter defines the best cause of 

action on the day.  
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The introduction of the ETTO principle triggered a global movement into ‘resilience 

engineering’ (Woods, 2015). Substantial effort is made into making workplaces and life in 

general safer. However, as life gets busier and more complex, the pressure to perform at work 

and in life increases. As a result, unexpected consequences of decisions occur. It appears that 

outcomes are determined by the ability of a system to rebound from disrupting events, the 

robustness to respond to perturbations in normal operations, the adaptive capacity in the face 

of surprise, and the sustainment of adaptability (Woods, 2015). The study by Woods (2015) 

relates to systems safety in complex work environments. However, their findings may apply 

to the ability of the hunter to manage their workplace (their hunting area) safely and 

efficiently. How well they rebound from disrupting events (deer running away), their 

robustness (sticking to plans), adaptive capacity during surprises (a sudden encounter with a 

deer), and sustaining their adaptability (consistently thinking of safety) will define their 

performance.  

1.12 Overview of thesis 

The chapters in this thesis are presented using a ‘thesis-by-publication’ approach. The 

chapters that follow include published and submitted journal articles. Those that have been 

published have been subjected to considerable copy-editing by the publishing company and 

are therefore presented verbatim. An essay punctuates each manuscript, which focuses on my 

thinking and rationale as the thesis progresses.  

1.12.1 Metrics 

Given the absence of empirical research and considering the research presented in the 

introduction, this thesis adopts a broad range of parameters. Due to the scarcity of research, 
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the founding report which triggered the conceptualisation of this PhD (Wilson and Bridges, 

2015) leant very heavily on psychological theory from other industries and activities not 

associated in any way with hunting. Thus, this thesis is an exploration into an under-

researched sport that is commonplace in New Zealand culture.  

1.12.2 Layout 

Taking into consideration the introduction, Chapter 2 embraces resilience engineering to 

explore the process of hunting. Fundamentally, it is a qualitative piece of research used as a 

foundation for experimentation around psychophysiology, cognition, and behaviour. 

Chapter 3 investigates the efficacy of using simulation for future research into hunting safety. 

It also examines how a hunter appraises the initial cues that they gather from the sight and 

sound of the deer and investigates the potential contribution of individual differences. 

Chapter 4 investigates which parts of the deer command faster response times, which 

behaviours hunters engage in when faced with partial information, and whether individual 

differences play a role. Chapter 5 examines the final moments of a hunter as they discharge 

their firearm, and the factors that may influence them to shoot sooner. In Chapter 6, statistics 

on the prevalence of failure-to-identify hunting incidents are validated. In Chapter 7, the 

process of hunting devised in Chapter 2 is calibrated against all the experimental findings 

acquired for this thesis. Finally, Chapter 8 discusses the highlights and limitations of each 

chapter, and the body of this work is considered. 

  



27 

 

  



28 

 

  



29 

 

 

 

 

 

 

 

Chapter 2  
“Failure-to-identify” hunting 
incidents: A resilience engineering 
approach 
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2.1 Rationale 

When I decided to commence this PhD, I had no prior experience of hunting, minimal 

knowledge of shooting firearms which I had gained at a local pistol club, and no 

understanding of the hunting community. I saw this as a glaring omission because to fully 

understand the human factor in any research, it is important to obtain a holistic view of the 

work, the workers’ environment, and the organisational culture (Shorrock & Williams, 2017). 

Unfortunately, this omission was evident in Wilson and Bridges (2015), in which the reliance 

on existing psychological theory did little to explain the contextual issues and dynamic 

complexities surrounding hunting. Therefore, early into the PhD, I proceeded to commence 

the vetting procedure to acquire a firearms license, joined my local New Zealand Deerstalkers 

Association (NZDA) club, and attended the NZDA’s Hunts training course.  

The Hunts course has been running since 1987 and provides hunters with the skills needed to 

ensure they are safe and responsible. The trainee follows a standardised curriculum supported 

by senior members of the club, experienced hunters, and a national assessor. The content 

follows guidelines developed by the NZDA and Fish & Game New Zealand. The core 

modules include: 

• Ethics and ecology 

• Equipment and clothing 

• Bush travel and navigation 

• River safety 

• Game animal species and hunting techniques 

• Firearms safety in a hunting context 

• Care for meat and trophy 
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• Preparing for when ‘things go wrong’ 

• Range shooting and setting up a hunting firearm 

(NZDA, 2020) 

It quickly became apparent that hunting is not merely a matter of going into the woods and 

finding, shooting and field dressing a deer. There are many other elements to consider. The 

Hunts course informed about the terrain I would be traversing and what could happen if I fall 

or trip and how to survive. I learnt about clothing and how most outdoors clothing designed 

to keep you warm becomes deadly the moment it gets wet; how to cross a river safely without 

getting swept away; how to identify specific animals, where to shoot them to ensure a 

humane kill, and how to tell the difference between a male and female, and how to know if it 

is pregnant; when not to shoot based on the terrain, the proximity of people, and information 

that has enabled me to identify my target. I also learnt how to field dress the animal once it is 

shot, so that I don’t cut myself and don’t puncture the animal’s digestive tract, and how to 

prevent the meat from going off due to excessive flies or not cooling quickly enough. In 

addition, I learned to handle and take care of my firearm correctly, even handling the firearm 

safely with activities such as climbing a fence or taking a break, and where to point the rifle 

safely. Finally, I learnt how to get lost and find my bearings again. 

The Hunts course made me realise that the available psychological theory associated with 

cognitive bias or heuristics was only scratching at the surface of the dynamics and complexity 

of hunting. It is a well thought out and meticulous process that many hunters manage every 

time they hunt. When I attended the course, the club nights, and shoot days, many hunters 

expressed interest in the work I was commencing, and they were keen to share their opinion 
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about the causes of these errors. Individuals who had shot someone due to misidentifying 

their target were described as: 

• Dangerous 

• Bloody stupid 

• Trigger happy 

• Blind or of failing eyesight 

• Old 

• Idiotic 

• Drunk 

• Under pressure 

• Complacent 

However, some hunters were brave enough to come forward to describe their own story about 

the moment they almost shot their mate or their dog, and the picture was very different. Their 

stories included how meticulous their planning had been before a hunt yet despite their 

planning, hunters somehow strayed into each other’s territory and without any expectation of 

being within proximity, one hunter has found themselves in the crosshairs of the scope of 

another hunter. Luckily, no shot or life was taken that day. Many stories involved waiting for 

a deer to emerge as they crash through bushes only to find it is another hunter or a stray dog. 

Hunters roaring each other up using electronic deer callers have made many hunters acutely 

aware of what sounds real and what sounds artificial. There appears to be many opportunities 

to get it wrong, and as a new hunter, I experienced it first-hand. 
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I was given an opportunity to hunt red deer on a private farm in Hawkes Bay. While walking 

down into a valley, I noticed a deer some 200 metres away looking directly at my guide and 

I; it did not run away. We started to get close. One hundred and fifty metres away and still no 

movement. I watched it intently at 100 metres away, and I found myself thinking maybe this 

was going to be my chance to shoot, but something did not feel right at that moment. All the 

other deer had run off when we were much further away. It was only at 50 metres that I 

realised that my somewhat stubborn deer was, in fact, a fallen log with a branch protruding 

up in the air. I was amazed at how easily I had misidentified my target. The opportunity had 

arisen for me to experience cognitive bias and the availability heuristic as discussed in 

Wilson and Bridges (2015). However, I also realised many more considerations had occurred 

that day making it so challenging for us to get close to any deer. 

As the light started to fade, my guide and me rounded a small hillock to see some deer 

grazing in the distance. I followed my guide’s lead and advice meticulously, and then after 

feeling comfortable that I had the deer in my sights, I announced that I would pull the trigger. 

At this point, I recalled the many discussions I had held with hunters about buck fever and 

wondered if I would feel it. However, I felt no uncontrollable sense of elation. In fact, after 

discharging my firearm, I heard no bang and saw nothing afterwards; I had no idea if I had 

fired the gun nor whether I had shot my target. It was not until we got within a few metres 

that I saw the deer lying on the ground. I did not experience a rush of adrenalin nor did I 

rejoice, although my guide was very happy for me as he enthusiastically shook my hand and 

congratulated me.  

Hunting brings us back to the primordial need to eat, a need that has, for many years, been 

considered one of the primary needs of humanity (Maslow, 1954). Many hunters are 
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ecologists, culinary experts, nature observers, and conservationists, and this is evident in the 

curricula of the Hunts course, the ongoing training that local clubs provide, and the 

relationship the hunting community has with conservation organisations around the world. 

Many hunters have broken down the process of hunting into principles associated with 

survival, navigation, tracking, and maintenance of equipment so meticulously that it could 

almost be defined as an exact science. However, it became apparent to me on the day that I 

shot my first deer that there are many ways to approach the outcome of shooting an animal. 

Individuals respond, act, and execute the action of taking an animal’s life in different ways, 

and there are many ways to get it wrong. 

Capturing this dynamic activity and the potential for various ways to execute the tasks from 

the moment of deciding to go hunting to the moment of pulling the trigger was going to be 

challenging. Task analyses provide descriptive information of the task at hand (Stanton et al., 

2013), and this technique has often been the mainstay when commencing human factors 

research. However, I was aware of a relatively new technique that had emerged called the 

Functional Resonance Analysis Method (FRAM). This method allows the analyst to not only 

define the tasks (as in task analysis) but also to define how one activity interacts with another 

to create a network of activities or complex tasks such as those found in hunting. The 

disadvantage of using this approach was that I needed subject matter experts (Stanton et al., 

2013), and I was a long way from becoming one myself. Thus, I decided to commence my 

PhD research by engaging some of the most experienced hunters in New Zealand to complete 

an initial FRAM. Before conducting this research, I formed a working group of organisations 

who had a vested interest in the study I was doing, consisting of: 

• New Zealand Police 
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• New Zealand Deerstalkers Association 

• Firearms safety training organisations 

• Game Animal Council 

• Office of the Minister of Conservation 

• Office of the Associate Minister of Conservation 

• Fish & Game  

• Accident Compensation Corporation (ACC) 

• Mountain Safety Council (MSC) 

• Entrepreneurs of hunting safety technology 

• Hunters 

• Wholesalers and retailers 

As a result, the request to attend a FRAM modelling workshop produced numerous eager 

volunteers, all of whom provided invaluable knowledge and experience. 

In addition to the workshops, I conducted research on near-miss reporting of failure-to-

identify hunting incidents, utilising a survey to gather data. The survey asked respondents to 

describe a failure-to-report near miss that they had made and to provide what they believed 

were the causal and contributing factors. The results of the survey suggested that there are 

many potential causal and contributing factors in failure-to-identify incidents. A summary of 

the report is provided in Appendix B. Together with the workshops discussed above, the 

results of the survey were taken into consideration when developing the FRAM described in 

the following sections. 
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2.2 Introduction 

In 2015, a father and son joined three other people on a deer-hunting trip. The son left their 

hut in the morning, and the father left 45 minutes later with the understanding that they would 

be hunting in different areas. Both were dressed in camouflage apparel. After reaching his 

agreed hunting area, the father saw some movement in a nearby bush. He believed this was 

caused by a white-tailed deer. He spent several minutes confirming his identification and 

changed his position to clearly visualize his target before shooting. When the target lifted its 

head, he took note of two prongs on top of the head, which caused him to conclude he was 

targeting a young buck. Having checked his target, he aimed at the deer’s head/neck region 

and discharged his firearm. On approaching the fallen deer, he discovered he had in fact shot 

and killed his own son—who should have been in another hunting area. The shot was taken at 

20 meters. 

2.2.1 About deerstalking 

Deerstalking involves a hunter stealthily pursuing a deer until arriving at a point of being able 

to ensure that they can achieve a well-placed shot that will ensure a quick, clean kill. 

Deerstalking typically takes place in deep bush or woodland environments, and, as can be 

seen above, shots are often taken at close range. 
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Hunting poses numerous safety challenges for those engaging in this activity (Mountain 

Safety Council, 2017). Specifically, firearm related accidents include ricochets, firearm 

flashbacks, hearing loss, and failure to identify the correct target (Mountain Safety Council, 

2017). Anecdotally, other exogenous safety challenges arise from weather conditions, time of 

day, terrain, and equipment malfunctions. 

“Failure-to-identify” hunting incidents involve a hunter concluding that a target is something 

other than it really is. In the context of this article, this refers to mistaken identification of a 

deer when the target is a human, another animal, flora, or some inanimate object. Failures to 

identify a target are implicated in 11% of reported hunting incidents (Forsyth, 2013), and are 

of concern to hunters, safety organizations, and regulatory authorities (e.g., Mountain Safety 

Council, 2016a; International Hunter Education Association [IHEA], 2015). Whilst fatalities 

from such incidents are rare, close calls or near misses are likely to be more common. Many 

hunters have a story to tell in which they have come close to shooting a misidentified target 

but have decided not to discharge their firearm through the realization of their mistake. 

Some factors that may contribute to failure-to-identify deer incidents are reported by Green 

(2003), in a report conducted for the New Zealand Police. Green reviewed police and 

coronial reports of incidents that took place in New Zealand between 1979 and 2002, and in 

which failure to identify the target was identified as a contributing factor. He identified 

psychological factors that may play a role in these incidents—in particular “buck fever,” in 

which a hunter experiences a heightened state of arousal during a hunt; and “snap shooting,” 

in which a hunter identifies the target, chambers, and fires in one swift movement with little 

deliberation of the target. 
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Wilson and Bridges (2015) also suggested that psychology may play a role, and that 

expectations, cognitive biases, and heuristics may combine to mislead a hunter to conclude 

that a target is a deer. However, these suggestions were not based on direct observations but 

on generalizations from other domains such as generic outdoor pursuits (McCammon, 2004) 

and board gaming (Wan et al., 2011). 

Although the psychological factors identified by Green (2003) and Wilson and Bridges 

(2015) are likely to be important, every hunt is unique, and incidents may involve many other 

factors. Whilst all hunting incidents warrant analysis, the underlying causes of failure-to-

identify incidents are of concern because they often result in a human fatality. 

The hunter is constantly adjusting to how they hunt based on their environment. Changes 

such as those associated with weather conditions (especially wind direction), terrain, time of 

day, and physical obstructions will test their ability to adjust the way they hunt. The hunter is 

constantly making decisions associated with which directions to take, which terrain to tackle, 

whether to continue hunting, and when to discharge their firearm. 

If the hunter fails to adjust to their dynamic environment, they risk an unexpected outcome 

instead of a safe and successful hunt. For example, if the weather changes during a hunt, the 

best response may be to turn around and head home. However, if the hunter decides to 

continue, assuming the weather will improve, they may get wet, stranded, hypothermic, or 

possibly die. A simple decision, in this example, has snowballed into a very serious situation 

for the hunter. The example illustrates how incidents are unpredictable and emergent, and it is 

the resilience of the hunter to adapt to their environment that is tested over time, and that is 
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the foundation of resilience engineering (Woods, Dekker, Cook, Johannsen, & Sarter, 2010), 

presenting a new approach to safety management. 

2.2.2 A new paradigm for safety management 

The predominant paradigm in safety management (“Safety I”) is somewhat paradoxical, in 

that safety is usually understood as the absence of an undesirable event, and it is therefore 

impossible to know how safe one is based on nothing happening (Hollnagel, 2014). Safety 

management typically focuses on the rare times that something goes wrong, without 

describing why an event goes right in the first place. A new approach (“Safety II”) proposes 

that until a good understanding of how an activity or event occurs when the outcome is good, 

the ability to prevent negative outcomes will be limited by the actions associated only with 

reacting to an incident after it has happened, rather than taking a preventative/proactive 

approach. The Safety II approach asserts that a negative outcome is often the consequence of 

a person’s inability to make approximate adjustments within the dynamic nature of their 

environment. 

Many tasks in both work and recreation are governed by standard operating procedures, 

which define how any task or job should be accomplished. The Safety II framework 

acknowledges that tasks inevitably involve variability from instance to instance, and people 

make many approximate adjustments continuously to ensure their tasks are accomplished 

(Hollnagel, 2014). 
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Figure 2.1 A hexagon representing a function and its aspects of five inputs and a single 

output 

A function is one of many activities that drive the completion of a task—much like a turn-

signal indication is an activity of driving a car. Thus, deep insight into safety comes from 

understanding which activities contribute to this variability. Deeper insights into the everyday 

challenges of a task or job allows a person to become more resilient and to make safe and 

effective adjustments when required. The Safety II approach has been used extensively in 

healthcare concerning critical analysis of incidents (Sujan, Huang, & Braithwaite, 2017), 

anaesthesiology (Sven, 2015), and paediatric care (Patterson & Deutsch, 2015). 

Taking a Safety II approach to understanding failure-to-identify hunting incidents, therefore, 

requires us to understand a hunt with a positive outcome. Understanding the ideal hunt should 

enable a deeper understanding of the activities that tend to vary and that could lead to a 

failure-to-identify incident. 
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2.2.3 The Functional Resonance Analysis Method 

A tool that embraces the concept of Safety II to map out dynamic activities is the Functional 

Resonance Analysis Method (FRAM; Hollnagel, 2004, 2012). The FRAM approach 

describes individual actions in complex systems and how the actions are related to anticipate 

the potential outcome if one of the actions varies in the way it occurs. Since its initial 

presentation in 2004, the FRAM methodology has been applied in a variety of industries, 

including maritime navigational assistance (de Vries, 2017), sustainable construction (Rosa, 

Haddad & de Carvalho, 2015), human-centred design (Pazell, Burgess-Limerick, & 

Horberry, 2016), air accident investigation (de Carvalho, 2011), and air traffic management 

(Patriarca, Di Gravio, & Costantino, 2017). At the heart of the FRAM approach is the 

creation of a model describing the individual actions associated with an activity (termed 

“functions”) and their relationships with one another (termed “aspects”). The creation of the 

FRAM model consists of four steps: 

1. Identify, describe, and map the functions and their aspects. 

2. The identification of potential for variability in the performance of each function. 

3. The aggregation of variability (i.e., description of how variability in one function 

affects downstream functions). 

4. Describing the consequences of the analysis. 

The analyst elicits information from individuals to detail a task by focusing on what really 

happens during an activity — “work-as-done”— rather than how the activity should occur — 

“work-as-imagined” (Hollnagel, 2014). The task of concern is mapped out in detail using 

employees who do the task on a regular basis, and thus their knowledge of work-as-done is 

likely to be more accurate. 
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Each action or “function” that takes place is mapped, and the ways each function influences 

other functions are determined. Implementing the FRAM technique, a function can take up to 

five types of input and one output (see Figure 2.1). Together, these are referred to as the 

aspects of a function and describe how functions can interact with one another. The aspects 

are defined as follows: 

● Input aspects 

○ Input (I): a state that the function processes or transforms, or that initiates the function.  

○ Resources (R): the resources consumed when the function is carried out. 

○ Time (T): a state that constrains the timing of the function. 

○ Control (C): a state that monitors or controls the implementation of the function. 

○ Preconditions (P): a state that must exist before a function can be carried out. 

 

● Output aspects 

○ Output (O): the result of the function. Either an entity or a state change. 
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Figure 2.2 A basic FRAM model demonstrating multiple couplings between four functions. 

Function A provides the inputs to Functions B and D. It is also a precondition for Function 

D—that is, Function D can only occur once Function A has been completed. Function B 

The output of a function can be coupled to any of the other five input aspects of one or more 

downstream functions. Likewise, these five input aspects are fed from only the output of one 

or more upstream functions. The result is a complex map of actions detailing the activity 

being analysed. 
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A simple example of a FRAM model is illustrated in Figure 2.2. Using this model, it is 

possible to identify how one function can impact other functions. 

In this model, if Function A does not take place at all, neither will Function D due to the 

preconditional relationship (via the Precondition aspect) they have. Similarly, if Function C 

were to occur earlier than expected given the temporal relationship it has with Function B 

(via the Time aspect), it may cause Function B to occur early too and create further 

downstream consequences for Function D. What occurs in one function has potential to 

resonate with the next downstream function and throughout the entire model. A key aspect of 

the FRAM procedure is to identify, with the help of the participants who create the FRAM, 

the functions that will most likely suffer from occasional variability and what the emergent 

outcomes are likely to be. 

Practical guidance on how to build a FRAM model has been developed by Hollnagel, 

Hounsgaard, and Colligan (2014). It is critical to engage with individuals who have a precise 

understanding of the activity to be mapped out. The first step is to encourage those 

participating to move towards Safety II thinking. Once this has been achieved, FRAM 

mapping can take place. 

The FRAM relies largely on narrative (spoken or written) data to identify functions and their 

aspects. Data acquisition can include interviews about how the activity is carried out; what 

are the upstream and downstream activities; what sort of undesirable outcomes can occur; 

and what are the information, resource requirements, and time pressures involved (Hollnagel 

et al., 2014). 
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2.2.4 FRAM Mapping for Failure-to-Identify Hunting Incidents 

Our goal in this research is to use the FRAM technique to gain insights into failure-to-

identify hunting incidents and their prevention. These incidents present a challenge to 

analysis in the Safety I paradigm; although narratives associated with deer hunting should be 

obtainable, the descriptions of incidents are frequently compromised because the only people 

involved are the perpetrator (who may be in police custody and/or not in a fit emotional state 

to participate) and the victim (who may be wounded or deceased). In the Safety II paradigm 

exemplified by the FRAM approach, challenges to hunting safety are identified by first 

developing an understanding of the way an idealized hunt should occur. A FRAM model 

based on this idealized hunt can then be inspected to identify functions that may be 

particularly vulnerable to resonance of variability with downstream functions and understand 

how the functions of the Hunting FRAM could result in a fatal shooting. 

The objectives of this research were twofold. In Study 1, our objective was to map out a 

deerstalking activity with the assistance of a working group of expert hunters, and thus to 

generate a Hunting FRAM showing how a hunt may look if everything was going right. The 

second objective, addressed in Study 2, was to calibrate and refine the model by comparing 

the idealized Hunting FRAM with “mini-FRAMs” generated from narratives of failure-to-

identify hunting related events. To accomplish this, we use reports of “near-miss” events 

rather than incidents that resulted in injury or death. Near misses are more prevalent than 

actual shootings and should provide understanding of fatal mistakes and incidents 

(McKinnon, 2012). The data obtained in this study will then be used to refine the original 

Hunting FRAM with the assistance of a wider group of expert hunters, and to draw attention 

to some of the key areas that may challenge a hunter when he targets and shoots their quarry. 
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2.3 Study 1 - Mapping of the Hunting FRAM 

To create the initial FRAM of deerstalking, representatives from hunting and firearms safety 

organizations in New Zealand were invited to attend a mapping workshop. Following the 

invitations, two workshops were held. The workshops focused on developing a Hunting 

FRAM using their personal experiences. 

2.3.1 Method 

Participants. Six representatives of non-profit and private sector organizations attended the 

two workshop sessions. The attendees, 5 males and 1 female, had an average hunting 

experience of 25.2 years (range: 10–48 years). The group members have hunted worldwide 

and were experienced with a wide range of firearms and calibres hunting small, large, and 

dangerous game as well as deerstalking. 

 Procedure. The participants were invited to attend two modelling workshops to draft the 

hunting FRAM. The creation of the FRAM was completed using the FRAM Model 

Visualizer Software Version 0.4.1 (FRAM Model Visualiser [FMV], 2016). 

Questioning and FRAM mapping followed the methodology outlined by Hollnagel et al. 

(2014), adapted for group discussions in a workshop environment. Although individual 

interviewing is the recommended method of data acquisition, a group approach was taken to 

ensure that a robust discussion between experienced hunters took place as the Hunting 

FRAM was mapped out step by step. 

At the outset, the participants were given brief overviews of the Safety II approach and the 

FRAM methodology. To ensure that the participants did not overlook any activity in hunting 

that might be second nature to them and no one else, they were asked to work backwards: that 
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is, start at the point of shooting the deer and work out what functions precede it until the 

initial function of deciding to go out hunting was achieved. 

Once two functions had been created, an initial attempt was made to link these together based 

on their relationship with one another. This was an iterative process—after every new 

function was introduced, a discussion ensued to agree how it links up to the Hunting FRAM. 

This proved challenging initially, and the attendees were given an explanation as to what the 

six aspects of a FRAM function (control, resource, precondition, input, output, and time) 

referred to. The participants worked collaboratively and without time constraints. One of us 

(K.B.) helped paraphrase some of the descriptions of the actions, and once everyone agreed, 

the function was added. 

Once the Hunting FRAM was drafted, an initial review and calibration activity was 

conducted by the six attendees. The calibration involved proceeding through each step 

(starting at the beginning this time) to check that everything made sense and appeared correct 

to all the hunters attending. The FRAM was then subjected to a wider calibration exercise 

outlined in Study 2.  

2.3.2 Results 

The workshops (two workshops totalling 9 hours) resulted in the drafting of a large FRAM 

model—the draft “Hunting FRAM”—consisting of 31 functions. 

Once the Hunting FRAM had been drafted, it became evident that the model could be divided 

into three distinct stages of activity: 
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The sensing stage: A series of activities during which the hunter detects initial signs that there 

are deer in the area. In the sensing stage, all the functions consist of the hunter receiving cues 

from their environment and interpreting them as initial signs of deer. 

The comprehending stage: Hunters use their knowledge and experience to evaluate the 

situation, ensuring that it is safe and appropriate to take a shot. This stage includes 

consideration of a variety of factors not necessarily under the hunter’s direct control, such as 

weather, terrain, and factors associated with the deer. 

The committing stage: Final checks are made by the hunter before they discharge their 

firearm. 

 

Figure 2.3 The initial draft Hunting FRAM model following Study 1 

An overview of the initial draft of the Hunting FRAM is presented in Figure 2.3. The 

functions associated with the Sensing, Comprehending, and Committing stages are coloured 
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green, amber, and red, respectively. Further and clearer details of the final model are 

presented in Figure 2.5, Figure 2.6 and Figure 2.7 later in the article. 

The purpose of Figure 2.3 is to show the three stages of the hunting FRAM and the 

complexity of multiple linkages. A list of the functions for each stage is presented in Table 

2.1. 

2.3.3 Discussion 

The Hunting FRAM presents a complex and dynamic illustration of deerstalking as it is done 

according to experienced hunters and not as it is imagined by those of lesser experience and 

expertise. There are multiple paths through the model, leading to several possible outcomes 

for a hunt. 

The Hunting FRAM commences with a hunter going to a location where they are hoping to 

see and shoot a deer. They may well already be familiar with the area, or have expectations 

based on information provided by other hunters. The Sensing stage of the hunt commences, 

and the hunter starts to glean cues from the environment about the presence of deer in the 

area. This stage terminates, and the Comprehending stage begins, with the initial visual 

confirmation of a deer. 

During the Comprehending stage, the hunter begins the process of making sense of the 

situation before deciding how to act. 
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Table 2.1 List of functions for initial draft of the Hunting FRAM, sorted by stages 

 

  

The functions in this stage are heavily reliant on the hunter’s experience and knowledge to 

ascertain (a) whether the deer is suitable (e.g., not pregnant; not going to be detrimental to the 

local deer population if shot); (b) whether the deer can be easily retrieved given the 

constraints of terrain, weather, and time of day; and (c) that no one else is in the vicinity. 

Sometimes the hunter may lose sight or awareness of the deer, perhaps because the deer may 

have become aware of the hunter and left the area. The hunter then must decide to continue or 

terminate the hunt. If the hunter is ready to shoot, the Committing stage begins. 

The final stage often happens very quickly, as it should involve confirming everything the 

hunter already knows—the target, the location, and that the shot placement can ensure a 

quick kill. If any of these factors are not favourable, the hunter would hold back and wait, or 

stop the hunt completely and remove themselves from the situation. 
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A major focus of this endeavour was to use the Hunting FRAM to gain insight into the cause 

of failure-to-identify incidents. Although the model details the entire hunt, the workshop 

attendees believed that some of the causal factors were likely to originate from the Sensing 

stage. The most significant concern was that expectations could lead a hunter to misidentify 

their target as a deer, and that this would likely be driven by the influence of the functions in 

this first stage. 

It is important to note that this model reflects a hunt as conceived by six highly experienced 

hunters who have a personal and professional interest in ensuring safe hunting practice and, 

thus, could be subjected to a degree of bias. It is likely that other hunters, particularly those 

lacking experience or the same focus on safety, could produce a somewhat different FRAM 

model. Therefore, in Study 2, the Hunting FRAM is calibrated and refined to ensure it is an 

accurate reflection of hunting beyond the opinions of only six hunters using data from many 

confidential reports of near misses associated with failure-to-identify incidents, and also 

further input from another and larger group of hunting experts.  

2.4 Study 2 - Calibration of the hunting FRAM 

In the second study, we sought to obtain relevant data that could be used to calibrate and 

refine the Hunting FRAM—to identify whether the functions of the initial draft were 

comprehensive, reflected the experience and expertise of a wider group, and could account 

for real life events associated with negative outcomes. Given the potentially fatal 

consequences and low occurrence of failure-to-identify incidents, we focused on near-miss 

reports in which a target was mistakenly identified. 
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This study consisted of two phases. In the first phase, we conducted an online confidential 

near miss reporting survey, in which we collected anonymous submissions over a six-month 

period. The survey requested hunters to report their near miss (when they had almost fired on 

a misidentified target) in their own words and to speculate about contributing factors that they 

believed led to the event. The submissions were reviewed to ensure that they were complete 

and relevant. The data from the near-miss survey served two purposes: to help perfect the 

Hunting FRAM by exploring all the events leading up to the near miss taking place, and to 

help draw attention to the functions in which variability may result in undesirable outcomes. 

The second phase of the study included a final workshop with an expanded working group of 

hunting experts, who were tasked with evaluating the Hunting FRAM and given the 

opportunity to comment and advise of any final changes that need to be made to fine-tune the 

model. The membership of this working group included people who had been involved in 

investigating hunting incidents, providing expert testimony in legal proceedings, and in safety 

training and firearms licensing of hunters. 

2.4.1 Participants 

Confidential near-miss survey. The near miss survey received a total of 77 confidential and 

anonymous submissions. Given the traumatic nature of hunting incidents, even near misses, 

we did not ask for demographic information from the respondents due to concerns of 

drastically affecting the response rate. 

Of the 77 submissions, only 37 were useable in calibrating the Hunting FRAM. A total of 40 

responses were excluded for one or more of the following reasons: 
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• The respondent did not provide any narrative of what happened, so there was no way 

to determine whether the incident was relevant to the aim of the study (n = 13). 

• The respondent provided content that was not relevant to failure-to-identify related 

incidents (n = 2). 

• The content was a generic narrative expressing an opinion of what causes failure-to-

identify hunting incidents (n = 1). 

• The respondent did not follow the instructions correctly and reported a case of being 

on the receiving end of a target misidentification or fired their rifle and luckily missed 

their target (n = 24). 

Calibration working group. For the final calibration exercise of the Hunting FRAM, a group 

of 20 representatives (18 male, 2 female) of the hunting industry (including those 6 

participants in the original workshop) were given the opportunity to comment and advise of 

any changes that need to be made. To evaluate the Hunting FRAM, this group reflected on 

their personal experience and knowledge of failure-to-identify hunting incidents that they 

may have been involved in (investigating, expert witness, or training). 

2.4.2 Procedure 

Confidential near miss survey. An online service (Survey Monkey) was used to create the 

confidential near miss reporting survey (see the supplementary materials available with the 

manuscript on the HF website). 

The confidential survey encouraged the user to narrate their near miss in their own words. 

The data obtained in the narratives was used to guide the calibration of the FRAM model and 

identify functions that have the potential, should they vary, to lead the hunter to having a 
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failure-to-identify incident. All procedures (including those in Study 1) were approved by the 

University of Auckland Human Participants Ethics Committee. 

The confidential reporting system was publicized across the hunting community via 

magazines, social media, and local club presentations. The survey invited hunters to submit 

any personal near miss experiences they had in which they mistakenly identified their target, 

but did not discharge their firearm, injure, or fatally shoot another person. 

The narrative data were unstructured, and completion of the relevant sections of the survey 

was unguided, so it was necessary to map out a FRAM model based on the contributing 

factors that the respondent had been asked to identify (Question 7 of the survey: “What 

factors do you believe lead to the misidentification taking place? [list as many as you like]”). 

The FRAM models of the near-miss events were then compared to the Hunting FRAM to 

identify any functions that had not been originally thought of and that the sequence of 

functions was correct. Note that the near-miss data—and the resulting FRAM models—

describe undesirable outcomes, whereas the Hunting FRAM originally drafted was a model 

based on everything going right. The Hunting FRAM was then adjusted to include any 

additional functions that had not been included in the model during Study 1 but had been 

revealed by the near-miss data in Study 2. 

Once the FRAM model was calibrated, identification of which functions had the potential to 

vary was accomplished by identifying the most common functions referred to in the near-

miss narrations. The researcher (one of us, K.B.) further analysed the contributing factors by 

taking the following approach: 
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1. Obscuring the contributing factors originally declared by the confidential survey 

respondents to avoid being influenced. 

2. Reviewing the survey narratives only to determine a timeline of activities and events that 

led to the near miss. 

3. Returning to the (obscured) contributing factors declared by the survey respondents to 

assess consistency and completeness with Step 2. 

4. Identifying the functions on the Hunting FRAM that were most commonly referred to as 

contributing factors. 

5. Marking the relevant function on the FRAM as a potential source of variability. 

6. Creating smaller FRAM models based on the near-miss narratives to help ascertain 

correctness and flow of the Hunting FRAM. 

 Calibration working group. Once analysis of the near-miss data had been completed, the 

Hunting FRAM was presented to the calibration working group, which included the six 

members of the initial workshop from Study 1 and a wider group of hunting stakeholders. 

This was finalized in a workshop with the aim to review and fine-tune the Hunting FRAM—

that the model is an accurate reflection of how hunting takes place in the context of ensuring 

that the functions in the Hunting FRAM are relevant to the potential emergence of a failure-

to-identify hunting incident. 
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2.4.3 Results 

Confidential near-miss survey. None of the near-miss submissions challenged the functions 

of Stage 1 (Sensing). Many near misses concluded very early and, thus, the function at the 

end of Stage 1—visually confirm target—was considered appropriate. However, some near 

miss narratives described a prolonged sequence of activities before the hunter finally realized 

their mistake. 

Given the confidential nature of the narratives, publicly available detail of the events are 

necessarily limited. However, the following sample of FRAM models illustrates situations in 

which hunters entered the second (Comprehending) and indeed third (Committing) stage of 

hunting. 

The colour coding of the functions in Figure 2.4 is to illustrate which stage the narratives 

appeared to refer to when cross-referencing them with the Hunting FRAM from Study 1. 
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Figure 2.4 Examples of three FRAM analyses of confidential near-miss events reported via 

the confidential survey. Colour coded to cross reference with the draft Hunting FRAM (green 

= Sensing; amber = Comprehending; red = Committing) 
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The FRAM analyses in Figure 2.4 present three different near-miss events. The functions 

have been created based on the narration provided in the hunter’s own words and 

determinations of contributing factors, along with additional analysis conducted by the 

researcher (K.B.). The first (top) near-miss FRAM model illustrates a case in which a hunter 

has spotted something and is getting ready to shoot without any visual confirmation. Only 

when the target moves, does the hunter realize their mistake. The second (middle) near-miss 

FRAM illustrates a case where a group of hunters split up and thus lost awareness of each 

other’s proximity. It was only when one hunter saw the other hunter whilst targeting, using 

the scope on their rifle, that they realized their mistake. This is a very close call, and both 

hunters were very lucky. The final (bottom) model is a case where peer pressure influenced 

the conclusion that the targeted animal was a deer, and there was no visual confirmation until 

they discovered their targeted animal was a dog belonging to another hunter in the area. 

The most concerning aspect of these examples is how these three models do not follow the 

green – orange – red sequence of stages presented in the Hunting FRAM from Study 1, which 

may explain why these situations almost resulted in an incident. In each case, the functions 

associated with Stage 2 of the Hunting FRAM (Comprehending) appear out of place. If the 

activities associated with comprehending the safety of taking a shot occur too soon, the 

hunter looks like they are basing their judgment on incorrect or insufficient information. If 

the Comprehending stage occurs too late (especially after committing to shooting) or not at 

all, the hunter appears to be risking taking the shot in a rushed manner, again based on 

limited information. 

It becomes apparent from inspecting these FRAM models that hunters need to rely heavily on 

a series of activities between the Sensing and Committing stages. These and other FRAM 
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models conducted emphasized the need to provide more functions to the Comprehending 

stage. 

In the version of the FRAM developed during Study 1, the Comprehending stage had 12 

functions. Calibration based on these near miss reports increased this number to 18. The 

changes and additional functions are presented in Table 2.2. 

Table 2.2 Changes made to the comprehending stage of the Hunting FRAM following review 

of near miss submissions 

 

The calibrated and expanded Hunting FRAM is presented in Figure 2.5 through to Figure 2.7. 

For ease of visualization, the functions of the three stages continue to be colour coded and 

displayed in separate figures. 

Stage 1: Sensing: The functions in this stage are associated with the environmental cues that 

indicate deer might be in the area—including sight, sound, smell, footprints, faecal matter, 

and the reactions of dogs or other animals. Many hunters refer to an intuitive sense that deer 
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are nearby, and this is included as a function as well in the FRAM. All these functions 

converge on the need to visually confirm that the target is a deer. 
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Figure 2.5 The initial ‘Sensing’ stage. The functions associated with the Sensing stage are 

coloured green 
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Stage 2: Comprehending: This stage follows the visual confirmation that the target is a deer. 

The hunter must now assess whether the time and place are appropriate for taking a shot. 

Many of the functions in this stage rely on the hunter’s interpretation of the weather, terrain, 

light, location, and target to ensure a safe and conclusive shot can be taken and the deer is 

retrievable (see Figure 2.6). In this stage, the hunt may finish prematurely if the target detects 

the hunter’s presence (which often occurs) and flees, if the hunter makes the decision not to 

shoot because the target is unsuitable (e.g., pregnant), or if other factors (such as weather, 

time of day) may make retrieving the animal very difficult or dangerous. In some cases, the 

hunter can reinitiate the hunt for another animal or simply return home to hunt another day. If 

everything in this stage works in the hunter’s favour, they enter the terminal stage in which 

they commit to shooting. A round is chambered, the safety catch is switched off, and the 

hunter lines up to fire. 
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Figure 2.6 The “Comprehending” stage of Hunting FRAM. The functions of this stage are 

coded orange. 
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Stage 3: Committing: The hunter has only a few final checks to make before discharging their 

firearm. These are usually rechecking already known functions from previous stages having 

the potential to prematurely end the hunt (see Figure 2.7). However, if nothing has changed, 

the hunter will discharge the firearm with the intention of swiftly killing the target animal. 
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Figure 2.7 - The “Committing” stage of Hunting FRAM. The functions of this stage are 

coloured red. 
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The depiction of the Hunting FRAM stages above does not indicate relative time durations, 

with the three stages described potentially taking many hours or just a few seconds. However, 

it is often the case—but not always—that the Comprehending stage takes less time than the 

Sensing stage, and the Committing stage takes less time than the Comprehending stage. 

Identification and aggregation of variable functions. The next step is to identify which of 

these functions could vary or become absent in any way and, in so doing, increase the 

chances of an incident. Variability in one function can lead to an incident because of how it 

has the potential to add pressure on subsequent functions. This is described as “resonance” 

(Hollnagel, 2012). For example, if a hunter only partially spots a deer and does not verify 

their target, it adds pressure on them to do so during later phases of hunting more associated 

with confirming correct information. 

This activity is an example of “aggregation of variability,” and it is important to identify the 

functions in which the variabilities are likely to occur in the Hunting FRAM and what the 

consequences are likely to be. Whilst most—possibly all—of the functions in the Hunting 

FRAM can vary (e.g., weather conditions or wind direction), the near-miss narratives suggest 

that only a few of them have direct relevance to the causation of a failure-to-identify incident. 

However, this should not suggest removal of any functions from the Hunting FRAM. 

Experienced hunters exposed to the Hunting FRAM considered all functions important 

enough, and they could become a challenge to the hunter’s resilience to make the right 

decisions at the right time. We identified several major functions after reviewing the near-

miss reports that could cause the aggregation of variability, and which could potentially lead 

to a failure-to-identify incident. 
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Visually confirm target. This function concludes the Sensing stage. The action of visually 

confirming a target is driven by a series of initial signs that there are deer in the area. There 

are many functions feeding into visually confirm target (refer to Figure 2.5). Whilst it is not 

important to have every function preceding visually confirm target take place, it is vital that 

accurate initial appraisal takes place to avoid undue pressure on downstream functions. The 

act of visually confirming a target is inherently variable and error-prone in that there are no 

protections other than the judgment and experience of the hunter. Thus, if this function 

produces an imprecise target confirmation based on spurious information, the functions in the 

Comprehending stage have potentially been set up to fail. 

For the Hunting FRAM, if the initial visual information is incorrect, the Comprehending 

stage, which is heavily reliant on the hunter’s quality and quantity of experience, becomes the 

next opportunity to correct the mistake, and so there is still hope that the hunter will correctly 

identify their target before discharging their firearm. 

Assess proximity of other hunters, buildings, or people. Some failure-to-identify hunting 

incidents occur due to a lack of awareness of one’s proximity to other people (refer to Figure 

2.6). Firearms codes advocate the need to check the firing zone (e.g., New Zealand Police, 

2013). This is often a carefully considered activity by the hunter prior to shooting but may 

become compromised if the hunter is under time pressure to take the shot or if the members 

of the hunting party have become separated. This function could also contribute to the 

chances that if a hunter sees something moving in front of them, they may conclude that it 

must be a deer because they assume their hunting party is elsewhere. 
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Confirm correct target. This function appears in the terminal, Committing, stage of hunting 

(refer to Figure 2.7) and is very different to the visually confirm target function previously 

mentioned. Whilst appearing semantically similar, visually confirm target relies on just 

confirming that initial perceptual cues are correct. Confirm correct target refers to a wider 

range of qualities associated with the target. The activity associated with this function would 

be for the hunter to reconfirm they are indeed targeting a deer (not a human or some other 

animal or object) and that the deer is an appropriate target, that is, not pregnant, or not 

detrimental to the deer population if shot. Some hunters, particularly in deep bush, lose sight 

of their target momentarily, so it is important that they know they are still targeting the 

original animal. This final action of confirming the correct target is easily challenged by 

many upstream functions, including those highlighted above. If the output of this function is 

inaccurate, the outcome could be anything from successful shot placement (through sheer 

luck) to a fatal shooting of another person. 

Based on the FRAM model, the confirm correct target function and all the other functions in 

this final stage should proceed under the assumption that all information acquired by the 

hunter prior to it has been incorrect. This could include assessments made of the position of 

the target, the location, and the firing zone—thus requiring the need to spend a little more 

time and deliberation on the Committing stage, which typically takes place over a very short 

period—even if it means that the deer gets away. 

2.4.4 Discussion 

Failure-to-identify hunting incidents are a difficult concept to understand. How is it possible 

that a hunter, at short range, could make such an erroneous decision? Psychological theory 

has a lot to offer to explain how this may occur, but much of it is based on empirical findings 
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from other industries (Wilson & Bridges, 2015), and it is not clear how much of this 

generalizes to the hunting context. As a result, an attempt was made to more deeply 

understand these types of incidents. 

Using the FRAM methodology, we developed a “map” of hunting (Hollnagel, 2012). The 

Hunting FRAM details the functions and the relationships that exist between each function. 

The Hunting FRAM displays most complexity during the second, Comprehending stage. The 

near-miss data helped to calibrate this stage and underscored the importance of weather, light, 

and terrain conditions; the proximity of people and buildings; and the identity, location, and 

suitability of the target animal to challenge the hunter’s resilience whilst managing the hunt 

to a successful and safe outcome. 

A Safety II approach to managing hunting safety. Hunters can use the Hunting FRAM to 

identify risky behaviours or to help understand their mishaps, enabling them to be prepared 

better for the unexpected and, thus, become more resilient to the variability they may 

experience. Through reflecting on the functions that have been identified in this article, the 

hunter should be able to decide if this is of relevance to them and whether these functions are 

considered enough when hunting in groups, receiving initial cues of a deer in the area, and 

ensuring the animal they intend to shoot is appropriate. The Hunting FRAM provides the 

tools and means for a hunter to reflect on their activity when everything goes according to 

plan and, used appropriately, increases the opportunities to proactively manage safety rather 

than reactively manage unexpected events, which is consistent with the Safety II approach 

(Hollnagel, 2014). The model offers hunters insight into how some decisions may be better 

than others. For example, if the hunter is not happy or has not assessed their proximity to 
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other hunters, they really cannot (or should not) assess their shooting position because the 

former has a preconditional (output to precondition aspects) relationship with the latter. Thus, 

delaying the assessment of shooting position until the appropriate moment allows time for the 

hunter to assess where their hunting group or other hunters are, and to ensure they are not 

endangered as the hunt progresses. 

Based on the FRAM and analysis of near-miss data, we have identified three functions that 

likely play critical roles in failure-to-identify hunting incidents. These are visually confirm 

target; assess proximity of other hunters, buildings, or people; and confirm correct target. 

Variability or error in the execution of any of these functions is likely to resonate through the 

rest of the FRAM model and potentially create the emergence of a failure-to-identify 

incident. 

At first blush, it may seem trivial, or even tautological, to suggest that failure-to-identify 

incidents may be caused by failures to identify the target correctly or to confirm its identity 

before pulling the trigger. However, the Hunting FRAM emphasizes the importance of 

correct identification before other hunting functions are executed and makes explicit the idea 

that a failure to correctly identify the target at the appropriate stage of the hunt may resonate 

through the rest of the model to place extra strain on final target confirmation during the 

Committing stage. Likewise, the model underscores the importance of broadening the scope 

of a hunter’s attention to assess the proximity of other people and buildings in addition to 

tracking and identifying the target. 

Sources of variability. In some respects, identifying these functions would appear to 

challenge the conclusions of Green (2003), who suggested “buck fever” as a key contributing 
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factor. Buck fever is a hunting colloquialism describing the heightened state of sympathetic 

arousal that can occur after spotting the intended target. It is widely believed to impair 

hunters’ judgments—although there is no available research into buck fever in relation to 

failures to identify beyond anecdotes and extrapolation from other contexts to explain exactly 

how this occurs in deer hunting. 

Emotional arousal and its implications for firearm usage, however, has been widely 

researched in both police (Hulse & Memon, 2006; Nieuwenhuys, Savelsbergh, & Oudejans, 

2012; Vickers & Lewinski, 2012) and military contexts (Famewo, Zobarich, & Bruyn Martin, 

2008). However, findings from these contexts should be generalized with caution. A 

deerstalker’s emotional arousal is typically focused more on increased excitement after 

spotting a deer rather than a sense of threat to personal safety, typical in police or close-

quarter combat situations. 

The Hunting FRAM indicates that safe and successful hunting involves a complex array of 

interacting activities. Physiological arousal and cognitive and perceptual biases may also play 

roles in confirming or challenging identification of the correct target. However, at this stage, 

it is unclear how strong these roles are, at what point in the hunt these biases start, and if any 

of the functions outlined in the Hunting FRAM are sufficient to protect the hunter’s decision 

making from these biases or physiological states. 

Limitations and future directions. One of the limitations of this research is that the creation 

and calibration of the model was based on subjective interpretation of retrospective events 

using personal testimony via workshops and confidential reporting. Whilst it may be easy to 

retrieve broad facts, over time inaccuracies in recalling specific information by hunters is 
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likely to occur (García-Bajos, Migueles, & Aizpurua, 2014). Therefore, to truly ascertain if 

expectations, arousal, and cognitive priming are all taking place, more objective and 

empirical measures are required. This assertion also applies to any psychophysiological 

activity that may cause a hunter to misidentify their target, and thus, taking a neuro-

ergonomics (Parasuraman, 2011) approach may be appropriate. 

Whilst the FRAM methodology allows for endogenous variability within each function (such 

as variability associated with cognitive and physiological states), this research mainly focused 

on exogenous variability simply because very few hunters rarely comment on the 

complexities of their feelings and psychology other than stating the level of excitement they 

are experiencing. To delve into emotions, physiology, and other unconscious processes will 

require objective and analytical approaches, which the first author is currently planning to 

investigate. As discussed, the emotion associated with buck fever (Green, 2003) appears as a 

predicator, but the details of what buck fever does and how it affects decision making and 

behaviour are absent in relation to failure-to-identify incidents. 

There may be some cause for concern about the numbers of participants involved with 

creating the FRAM. Whilst qualitative research typically involves a smaller participant group 

compared to experimental designs, the FRAM leaves little opportunity for validation studies 

other than those associated with face validity—and indeed, all hunters who viewed the 

Hunting FRAM quickly understood and confirmed its structure. The key is in the 

philosophical approach taken to develop the FRAM, which embraces the Safety II notion of 

understanding normal operations in any task before deriving how unsafe outcomes emerge 

over time. The FRAM was developed through extensive—and interactive—involvement of a 
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group of experienced hunters reflecting on their own personal experience acquired over many 

years. 

Since the FRAM is a qualitative modelling method, the statistical predictability that often is 

used to determine validity and reliability is not appropriate for evaluating the model. There 

are, however, other ways to judge whether the FRAM approach provides meaningful 

contribution to the understanding of hunting human factors research. Many people take part 

in hunting—a complex and dynamic activity that is different every day. Many people get 

killed every year, and incident investigations produce corrective actions associated with 

legislative control of firearm usage or improved safety training, but the accidents keep 

happening. It would seem additional legislative control is not the answer, and instead, 

equipping the hunter with the awareness of their own resilience based on the findings using 

the FRAM approach is recommended. Taking a Safety II approach in addition to more 

traditional methodologies is encouraged. This Hunting FRAM is the first step of an in-depth 

analysis into a sport that touches the lives of tens of thousands of people every day. 

2.5 Conclusions 

The aim of this research was to better understand the process of deerstalking, how this 

complex process can test the resilience of hunters and potentially cause them to make 

decisions concluding with fatally shooting another human being. The Hunting FRAM 

provides the means to understand how multiple functions or activities in a hunting “system” 

relate to one another and provides a visualization of how adverse outcomes can occur. 

Whilst the Hunting FRAM may not provide a comprehensive view of all hunting scenarios 

for all types of quarry, the critical functions of initial identification and confirming the target 
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are likely to apply regardless of the animal or method of hunting. Indeed, stalking pig/hog 

(Generation Wild Admin, 2008) and elk (Bowhay, 2016) present many similarities with 

deerstalking, and thus the Hunting FRAM may be applicable. For hunting activities 

associated with the use of a blind such as duck or turkey hunting where the hunter is static, 

the Hunting FRAM becomes less applicable, requiring some significant modification to adapt 

to the static scenario. However, functions like visually confirm target and assess proximity of 

other hunters will continue to remain vitally important any time one is about to pull a trigger. 
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Chapter 3  
Sika 2017 – Testing failure-to-
identify hunting incidents using an 
immersive simulation: Is it viable? 
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3.1 Rationale 

The previous chapter examined the process of hunting, treating the activity as a complex 

system of interconnected steps focusing mainly on behaviour and decision making, and 

detailing initial cues, contextual considerations associated with terrain, quarry, time of day 

and weather, and final checks before shooting. The research utilised the Functional 

Resonance Analysis Method (Hollnagel, 2012), which enables the representation of complex 

systems, their variability and how each step in the process resonates and thus influences an 

outcome. The methodology allows an understanding of the impact of everyday variation, and 

therefore enables theorising about how the resulting chain reaction of downstream activities 

is likely to be affected (Hollnagel, 2012). In Chapter 2, the FRAM was calibrated by utilising 

near-miss reports that hunters provided using a confidential online reporting service (see 

Appendix B). The variations focused on context, situational variability, and external cues, 

defined as exogenous variability (Hollnagel, 2012).  

An initial glance of the FRAM resulted in identifying and naming three stages in manner not 

too dissimilar from the three stages of situational awareness - Sensing, Comprehending and 

Projecting (Endsley, 1995b). The FRAM may detail out these stages using the fundamentals 

of functional resonance and thus allows the opportunity to consider to what degree the 

hunter’s situation awareness throughout the course of a hunt and how this may contribute to a 

failure-to-identify hunting incident. Indeed, there is opportunity to consider that when the 

shooter and the victim are from the same hunting party, a case of distributed situation 

awareness may be considered (Stanton, Salmon & Walker, 2015). However, a significant 

critique of distributed situation awareness resides in that the research focuses on utilising 

novice operators and not experts which has been the mainstay for Endsley’s three stage 



80 

 

model (Endsley, 2015a). It is also worth noting that the bulk of shooters who have failure to 

identify their targets correctly are known to be highly experienced (Mountain Safety Council, 

2016a). A key consideration of situation awareness is that it focuses on how individuals make 

sense of the information available to them (Endsley & Jones, 2012). Attempting to 

understand the hunter’s understanding of their information was conducted by offering the 

opportunity to disclose times when they had come close to shooting someone or something 

other than a deer. The information from the confidential near miss reporting was used to 

further calibrate the FRAM alongside provide some basic understanding of the critical 

sources of information outlined in Appendix B. 

However, the paper did not address the effect of psychology and physiology, defined as 

endogenous variability; the variability from within the operator or those around them who are 

relevant to the task at hand (Hollnagel, 2012). There is a reasonable quantity of anecdotal 

evidence suggesting that endogenous factors may contribute to failure-to-identify incidents. 

These may be ‘trait’ variables such as personality, or ‘state’ variables such as physiological 

arousal, fatigue, hunger, and alcohol consumption. Consultation with local hunting clubs 

resulted in being introduced to the concepts of ‘buck fever’ and ‘snap shooting’, expediting 

or completely bypassing the comprehending stage of the Hunting FRAM (Chapter 2; Bridges, 

Corballis, & Hollnagel, 2018). Similarly, many people conveyed anecdotes and opinions that 

hunters committing a failure-to-identify error are of a specific personality and that such 

hunters lack self-control, are impulsive, and deserve to be punished. Coronial reports viewed 

under confidence suggest that alcohol and lack of sleep may also be contributing factors. 

As a result, I decided that the next step in the research should be to investigate whether 

psychophysiological variables play a role in determining performance, particularly in terms 
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of identifying prey. The hunting community quickly dismissed laboratory-based testing of a 

hunting protocol as unlikely to be realistic and immersive enough to simulate real hunting. 

Accordingly, we commenced a pilot investigation into the feasibility of using wearable 

monitors while conducting field trials.  

The pilot study took place at two deer farms with five volunteer hunters conducting real hunts 

across a variety of terrain and conditions. The volunteers were all male and were regular and 

experienced hunters. They all hold a current New Zealand Firearms License, none needed 

corrective lenses, and all were physically capable of traversing the land. The University of 

Auckland Human Participants Ethics Committee approved all aspects of this pilot study, and 

all participants provided informed consent before commencing their hunt. The hunts varied in 

duration, terrain, shot distance, and outcome (whether the kill was successful). The hunts 

were recorded using video cameras (Go-Pro) and psychophysiological recording equipment 

(Empatica). A wrist-worn device measured heart rate (HR), inter-beat intervals (IBI), blood 

volume pulse (BVP), electrodermal activity (EDA), surface temperature (TEMP), and 

accelerometer data (ACC). Personality and impulsivity data were obtained using the Barratt 

Impulsivity Scale (Patton, Stanford, & Barratt, 1995) and the Mini-International Personality 

Item Pool (Donnellan, Oswald, Baird, & Lucas, 2006). 

The scores (presented in Appendix C) obtained from the five completed surveys were, to an 

imprecise degree, reflected in some of the behavioural traits observed during the trial. For 

example, participants with higher scores in extraversion and impulsivity presented as more 

talkative, traversed the terrain with less caution, and displayed lower concern for known 

firearms safety practices. The highest-scoring participant for motor impulsivity missed their 

shot at a deer at 25 metres. The psychophysiological data collection device had varying 
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degrees of success; the IBI, TEMP, and BVP data were excluded from analysis due to 

intermittent recording and incomplete data. The IBI and BVP data failed to record or 

recorded sporadically, and thus no conclusions could be drawn from these data. The TEMP 

data recorded successfully, but the TEMP measurement focused on body surface temperature, 

and given the physical activity of the hunters and their chances of perspiration, it was 

considered too unreliable for analysis. HR, EDA, and ACC data were successfully acquired 

and used in the analysis. 

The trial provided evidence that some degree of sympathetic arousal takes place and can be 

measured. However, significant limitations of the pilot included the lack of control due to the 

ethnographic nature of data acquisition and low participant count. Although hunting for the 

same animal, all the hunts that took place varied in terms of duration, terrain, conditions of 

encountering the hunted animal, and outcome. Thus, details of the pilot study have been 

relegated to the appendices and a more controlled experimentation was conducted using a 

larger sample and controlling contextual variables to establish their effect on hunters’ 

physiology.  
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3.2 Introduction 

Deer hunting is a popular activity due to its many benefits which include access to 

unprocessed meat at a much lower cost and personal fitness (Abram, 2102), and its role in the 

conservation of flora and fauna (Fraser, 2000). However, the use of firearms and the physical 

challenges imposed by terrain and weather conditions pose dangers, and hunters can incur 

physical injuries, some of which can be fatal (Mountain Safety Council [MSC], 2017). Risk 

of harm substantially increases if a hunter, acting under the influence of one or more 

cognitive or perceptual biases, makes a poor decision (Mulheron, 2017; Wilson & Bridges, 

2015). Perhaps the most critical choice facing a hunter is knowing when, and whether, to pull 

the trigger when a target has been sighted. Safe hunting best practice emphasises the 

importance of being entirely certain of the target identity (e.g. The Arms Code 2013 [New 

Zealand Police, 2013]), and hunters should only shoot once they have fully identified their 

quarry.  

Target misidentifications, mistaken-for-game or failure-to-identify hunting incidents are a 

global problem in hunting (MSC, 2017; Statista, n.d.). When they occur, the hunter often 

testifies to their shock and regret at shooting a human when they were 100% certain that they 

had spotted a deer (Wilson & Bridges, 2013). Hunters who have committed a mistaken-for-

game shooting assert that they studied their target for some considerable time (up to two 

minutes) before deciding to pull the trigger (Stuff, 2015; Watson, 2013). Interestingly, 
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research has shown that overestimations of time occur as a product of valence and arousal 

(Van Volkinburg & Balsam, 2014). It is plausible that sympathetic arousal may cause hunters 

to overestimate the time spent on identifying a target. 

Evidence from investigations of failure-to-identify incidents suggests that increased 

emotional arousal, known as ‘buck fever’, may play a role in misidentification (Green, 2003). 

Buck fever has no precise definition, but has been described as anything from a subtle 

nervousness that hunters experience when they first sight game (Texas A&M University, 

2016), to narrowed vision, hands sweating, loss of motor control, loss of hearing, and slowed 

perception of time (Wood, 2012). The onset of buck fever has been explained using existing 

psychological theory (Wilson & Bridges, 2015) and individual testimony (Boddington, 

2012). However, empirical understanding of its physiological impact or influence on decision 

making in hunting is lacking. 

Decisions on whether to shoot may be influenced by unpredictable variability (such as the 

terrain, weather or behaviour of the hunted animal) regardless of how well-planned the hunt 

is and the individual hunter’s ability to manage that variability (Bridges, Corballis, & 

Hollnagel, 2018). Personality and individual differences have not been empirically 

considered but are often discussed anecdotally amongst hunters and within hunting clubs as a 

causal factor in failure-to-identify hunting incidents. Conversely to this the impacts of alcohol 

consumption have been investigated (on Wisconsin, USA hunters) which have been shown to 

degrade decision making (Jansen, 1978), and yet hunters will enjoy alcoholic beverages on 

evenings out in the New Zealand bush. Hunters who commit a failure-to-identify error are 

described as lacking self-control, impulsive, complacent, or succumbing to the emotional 

arousal of buck fever. Measures of personality and impulsivity could potentially correlate 
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with observable changes in brain activity during higher cognitive functions. For example, 

measures such as the Barret Impulsivity Scale (BIS-11; Patton, Stanford, & Barratt, 1995) 

and the big five personality traits (Donnellan, Oswald, Baird, & Lucas, 2006) have been 

shown to correlate with changes in the orbitofrontal cortex (associated with variability in 

emotional regulation) (Matsuo et al., 2009; Welborn et al., 2009). 

Understanding the psychophysiological contributions to hunting outcomes presents a 

significant challenge. Although laboratory-based testing allows a high degree of stimulus 

control and straightforward monitoring of physiology and performance, it lacks ecological 

validity (Rizzo, Robinson, & Neale, 2006). Hunting involves many challenging factors 

beyond ‘seek animal, see animal, shoot animal’. The hunter must consider the terrain to 

ensure the animal, once shot, can be easily retrieved. They must consider the weather 

conditions to ensure the hunter does not get stranded due to sudden downpours. The time of 

day is also essential to ensure the hunter can return to their camp before the environment 

becomes too dark.  

Research within a laboratory is likely to lose many of these factors that could influence the 

outcome and the performance of the hunter, or, as many hunters consulted about this prospect 

state, “It would never be like the real thing”.  Studying hunting in a field setting also makes it 

virtually impossible to control for extraneous variables and the physical demands of 

traversing terrain which render most psychophysiological and behavioural measures 

impractical. In a small-scale pilot study conducted by one of the authors (KB) with five 

hunters in various terrains, we found that physiological variability due to physical exertion 

tended to obscure any variability related to the cognitive, perceptual, or emotional factors 

related to spotting, identifying, or shooting a quarry. 
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To achieve a compromise between the control of laboratory testing and the fidelity of 

naturalistic settings, we evaluate the use of immersive simulation. Simulation has proved to 

be a valuable and useful research and training tool in many industries such as aviation 

(Gilliom & Demuth, 1983), maritime navigation (Saus, Johnsen, Eid, & Thayer, 2012), 

military combat (Fan & Wen, 2019), police operations (Mitchell & Flin, 2007; Saus et al., 

2012), and surgical procedures (Yazıcı et al., 2014). We decided against using virtual or 

augmented reality (VR/AR), as the consensus from the New Zealand hunting community was 

that the goggles or headsets used in VR/AR simulations would be unrealistic and unappealing 

to most hunters. Instead, we opted for an immersive, video-based simulation in which a 

hunter can wear their regular clothing, carry a real (albeit modified) hunting rifle, and not be 

too burdened by research equipment. The objective was to maintain a test environment that 

was as realistic as possible, while also maintaining as much control as possible, and thus be 

able to measure how effective simulation testing would be to investigate failure-to-identify 

hunting incidents without too much physical intrusion.  

If the defining characteristic of buck fever is a heightened state of arousal, its presence could 

potentially be detected objectively using well-established measures of psychophysiological 

arousal such as skin conductance (van Olst, Orlebeke, & Fokkema, 1967), or pupil dilation 

(Loewenfeld, 1958). These measures are considered useful indicators of sympathetic arousal 

(skin conductance: Picard, Fedor, & Ayzenberg, 2016; pupillometry: Unsworth & Robison, 

2018). Fortunately, measuring psychophysiological arousal can now be achieved via 

wearable devices such as a wristwatch. In this study, we used the Empatica E4 (Garbarino, 

Lai, Bender, Picard, & Tognetti, 2014) and a wearable eye-tracking/pupillometry device 

(Pupil ™, Pupil Labs; Picanço & Tonneau, 2018). We tested hunters in an immersive 
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simulation as a practical solution for evaluating how individual differences and 

psychological, physiological, and situational variables interact to confuse the decision making 

and impact the safety behaviours of deer hunters in the New Zealand bush. We investigated 

the following: 

• Can simulation provide adequate immersion to enable hunters to display emotional affect 

and behaviour similar to that in a real hunting environment? 

• What dimensions would determine shooting behaviour? 

• Is arousal increase (via skin conductance or pupillometry) present when the hunter is 

aware of deer in the vicinity and prior to shooting?  

• Do estimations of time differ to actual time during an arousing experience?  

3.3 Method 

3.3.1 Participants 

Sixty participants (four female) were recruited during a large hunting exhibition in New 

Zealand (the Sika Show). The recruitment process commenced with a member of the public 

expressing interest in the research booth. Details of the recruitment process are presented in 

Appendix D. 

Participation was open to anyone who expressed initial interest in the study booth and met the 

inclusion criteria. Participants ranged in age from 18 to 71 years (mean age 38.3 years), and 

all reported having normal or corrected-to-normal vision. Participation was restricted to 

people with experience hunting deer and who were at least 18 years old. The participants had 

an average of 21.5 years of hunting experience (range 0.5 – 60 years). The sample was 
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skewed heavily towards male hunters. However, the gender split was only marginally below 

the gender split (92% / 8%) of the hunting community in New Zealand (MSC, 2017). 

To compensate the participants for their contribution to the research, they were entered into a 

draw to win a hunting-related prize (these included retail vouchers, DVDs, books, and a 

hunting jacket).   

The protocols used in this research were reviewed and approved by the University of 

Auckland Human Participants Ethics Committee, and all participants provided signed 

informed consent before their participation. 

3.3.2 Apparatus and Stimuli  

The study booth was separated into two zones: one dedicated to paperwork completion and 

one to the simulation. The simulation testing was conducted in an enclosed environment in 

which the external sources of light and noise were reduced. 

Hunting Simulation: The simulator environment (provided by Shooting Cinema Ltd., 

Palmerston North, New Zealand) measured six metres deep by three metres wide. Hunting 

scenarios were projected onto a 3m (wide) x 2.25m (high) projection screen at one end of the 

space. During the simulated hunt, the participant used a modified bolt-action Winchester rifle 

with a Burrell (3-8X) telescopic sight. The rifle was retrofitted with a co-axial laser that was 

connected to the trigger of the firearm. When the trigger was activated, the laser was 

projected onto the screen at the point of aim and detected using a modified Microsoft 

X-box™ console mounted in the projection unit. Installed software allowed for the video to 

momentarily pause to display the location of the shot. 



89 

 

A basic luminance reading was taken to monitor any fluctuations in light levels during each 

video scene. The luminance remained stable during each individual scene specifically leading 

up to and during the moments when pupil dilation and reactivity were measured. 

A stopwatch was used by the researcher to time the participants from the moment they 

indicated they had spotted a deer to the moment they either discharged their firearm or the 

simulation ended. This time was used to compare against their estimations during debrief 

surveys. 

Hunters wore an Empatica (Cambridge, MA, USA) E4 wristwatch (4Hz sampling rate) to 

measure their electrodermal activity, and a Pupil Labs (Berlin, Germany) eye tracker and 

pupillometry headset (120 Hz sampling rate). The headset had a forward-facing camera (640 

x 480 resolution), which provided data associated with the placement and timing of the shot. 

The headset was attached via a cable to a laptop computer, which recorded all data directly to 

an external hard drive. 

Questionnaires: To explore aspects of individual differences, participants completed: 

• Prior to simulation 

o Barratt Impulsiveness Scale (BIS-11; Patton, Stanford, & Barratt, 1995) to assess 

if self-control is a factor when deciding to shoot based on partial information 

o The short form of the International Personality Item Pool (Mini-IPIP; Donnellan 

et al., 2006)  

• Post simulation 

o A survey on eating and drinking behaviours during the previous 24 hours, current 

levels of fatigue, and sleepiness 
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o An estimation of the duration of their simulated hunt.  

Contextual Scenarios: Prior to commencing the hunting simulations, we presented each 

participant with one of two different contextual scenarios, which were read aloud. We were 

interested in continuing the work of Bridges et al. (2018) to understand if context could affect 

the performance and decision making of the hunter. 

The ‘good scenario’ indicated that the hunt had been highly successful already and suggested 

that the participant should be confident that they would see something worthy of shooting 

again. Conversely, the ‘bad scenario’ indicated that the hunt had been unproductive and that 

the hunters had only seen old signs of deer (old footprints) and little or nothing worthy of 

shooting (see Appendix D for the full text of each scenario).  

Video Simulations: Each participant received one of two available video simulations, termed 

the ‘stag’ (300 seconds duration) and ‘unknown animal’ (307 seconds duration) videos. 

These titles were based on the final scene during which most hunters are likely to attempt a 

shot (that of a stag for the former and that of an unknown animal for the latter video). Neither 

simulation included any footage of hunters or other people. However, occasionally voices 

were heard in the videos suggesting that the participant was not alone, thereby adding to the 

atmospherics and fidelity of the simulated hunt. This approach enabled us to determine 

whether differences in simulation footage could trigger different responses in the participants. 

The ‘stag’ video commenced with instructions that the participant was only to target and 

shoot a stag. This was followed by three ‘acts’ or hunting scenes, during which both hinds 

and stags appeared. Act I (duration 164 seconds) commenced with erratic videography and 

the point of view moving around as if the videographer is searching for deer. This was 
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included primarily to give the hunter time to settle into the simulation environment. In the 

background, multiple roaring stags were heard nearby. After 131 seconds, the video slowly 

stabilised to a view of a bush scene. A stag slowly emerged and approached the foreground of 

the video (see Figure 3.1A). 

 

Figure 3.1 Details from the ‘stag video’.  A. Act I: Stag (circled) emerging from behind trees 

and foliage.  B. Act II: Stag visible (circled) but occluded by trees.  C. Act III: Hind in the 

open. D. Act III: Stag in the open (most likely to shoot).  Note that the instructions for the 

scenario are to shoot only a stag 

The stag then abruptly turned and ran out of the scene. Although a stag was visible during 

this act, it offered little opportunity for the participant to shoot. At the end of the act, the 

video faded out and displayed a caption that there would be another chance for the hunter, 

and Act II (duration 56 seconds) commenced. This act commenced with a hunter (not visible) 
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making a roaring sound to encourage a stag to approach. A stag roared in reply and 

approached but was well camouflaged amongst trees (see Figure 3.1B). The stag was unlikely 

to be noticed until it started to flee and moved out of sight. Once again, this act offered no 

opportunity to shoot safely. This act was followed by a further prompt indicating that the hunt 

was moving to the outskirts of the bush. The final act (Act III; duration 80 seconds) occurred 

in an open hillside scene.    

A hind (female deer) appeared and stopped at the top of the hill (Figure 3.1C). After 35 

seconds, the hind started to leave the scene, followed slowly by a stag, which gradually 

accelerated to keep up with the hind. Of the three acts, this scene provided the best 

opportunity for the hunter to execute a safe, decisive shot at the specified target; the stag 

(Figure 3.1D). 

The ‘unknown animal’ video was identical to the ‘deer’ video for the first two acts but 

concluded with three further short acts. The third and fourth acts were designed to build on 

the experience of the participant just missing out on the opportunity to shoot, similar to Act 

II. In Act III (duration 12 seconds), the camera zoomed to focus on a well-camouflaged stag, 

which was only visible the moment it moved to leave the scene (four seconds into the act). 

There was no realistic opportunity to shoot during this act (see Figure 3.2A).  
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Figure 3.2 Details from the ‘unknown animal video’.  A. Act III: Stag emerging from behind 

trees and foliage (circled).  B. Act IV: Animal walking off screen.  C. Act V: Unknown 

animal eating 

Act IV (duration 16 seconds) showed a woodland scene, with the legs of an animal visible, 

and the animal leaving the top right of the simulator view three seconds into the act (see 

Figure 3.2B). 

Act V (duration 59 seconds) displayed another woodland scene, commencing with a rapid 

zooming of the camera and, 12s into the act, an audible voice stating, “there he is”, and a 

distant roar of a stag. As the camera zoomed, an animal was seen eating. The animal’s head 

was obscured, the environment was misty, and there was no way to identify the animal. The 



94 

 

animal remained visible (albeit partially obscured) for approximately 40 seconds before the 

camera panned out and the video ended (see Figure 3.2C). 

Critically, none of the acts in the unknown animal video offered a clear, safe shot. A clear 

and safe shot is defined as a stationary animal that presents itself side-on to the hunter, 

enabling the hunter to perform a quick and humane kill shot by targeting the animal’s lung 

and heart region (forequarters) (Hunts Course Syllabus, New Zealand Deerstalkers’ 

Association, 2020). The final act served to determine whether the hunter would shoot based 

on limited information. Table 3.1 below presents a summary of the four test conditions and 

participants were assigned using a small Latin square approach. 

Table 3.1 Summary of test condition groups 

Good scenario, deer video  

(n=15) 

Bad scenario, deer video  

(n=15) 

Good scenario, unknown animal video 

(n=15) 

Bad scenario, unknown animal video 

(n=15) 

 

3.3.3 Procedure  

The experimental procedure consisted of: 

• Survey completion: Participants completed the two surveys (BIS-11 and Mini IPIP) 

before being led into the simulator for the next part of the experiment. The researcher 

recorded the participant’s age, experience with hunting, and eye dominance before 

introducing and attaching the watch and pupillometry headset. 

• The simulation: At the outset of the simulation, the participant was asked if they had a 

method of indicating to a hunting party that they had spotted a stag, and to use this 
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signal when they locate their first stag during this simulation. The signal provided by 

the participant allowed the researcher to commence timing for later comparison 

against the participant’s estimated hunt duration. An experimenter read out the 

assigned scenario and standardised instructions (see Appendix D) and then the 

simulation commenced. Initially, an on-screen instruction appeared, indicating that 

the participant could shoot one stag only. Once the simulation commenced, it 

continued until either the participant shot a target, or the final act ended with no shot 

taken.  

• Final survey completion: After the simulation, the participant completed a final 

survey that measured their level of fatigue, recent food and liquid intake, and 

estimation of elapsed time between the sight of their first stag and firearm discharge 

or termination of the simulation. 

3.4 Results 

One set of EDA and two sets of pupillometry data were missing due to technical issues with 

the equipment. Most participants appeared to focus on the task at hand by not speaking at all 

until after the experiment was over. A small number of participants stated how realistic they 

found the simulation, with some of them physically shaking afterwards. This gives us 

confidence that an adequate level of immersion was achieved. Of the 60 participants, 23 

discharged their firearm. 

Statistical analysis of the data from the simulation was concentrated on four questions while 

considering the overall impact of testing within a simulated environment: (1) Which factors 

influence the decision to shoot? (2) What influences the choice of targets (stag, hind, or 
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unidentified animal)? (3) What physiological changes occurred during the simulation? (4) 

What was the perceived duration of the simulation?  

3.4.1 Which factors influence the decision to shoot?   

Investigating the decision to shoot regardless of the target, we performed a binomial logistic 

regression to ascertain the effects of hunting experience (range 0.5 to 60 years), scenario, and 

video type on the likelihood that participants would shoot. The logistic regression model was 

statistically significant, χ2(3)= 13.05, p < 0.01. The model explained 26.6% (Nagelkerke R2) 

of the variance in decision to shoot, and correctly classified 68.3% of cases. Sensitivity was 

56.5%, specificity 75.7%, positive predicted value 59.1%, and negative predicted value 

73.7%. Of the three predictor variables, only one was statistically significant: video type (as 

shown in Table 3.2), with hunter experience and scenario being non-significant.  

Table 3.2 Logistic regression predicting likelihood of taking a shot based on experience, 

video type, and contextual story 

 

 

B 

 

S.E. 

 

Wald 

 

df 

 

p 

Odds 

ratio 

95% C.I.for EXP(B) 

Lower Upper 

Hunter experience  -.292 .206 2.013 1 .156 .747 .499 1.118 

Scenario   .746 .607 1.510 1 .219 2.108 .642 6.924 

Video -2.001 .661 9.167 1 .002 .135 .037  .494 

Constant    .915 .879 1.084 1 .298 2.497   

 

We conducted a binomial logistic regression to ascertain the effects of self-reported levels of 

food, water, and alcohol intake on the likelihood of deciding to shoot. The logistic regression 

model did not reveal any significant effects of these variables, χ2(13) = 14.479, p = .341. 
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Overall, these analyses revealed no compelling evidence that any of these variables 

influenced the decision to shoot other than the obvious video type (the deer video) which 

provided opportunity for the hunter to shoot.  

We conducted a binomial logistic regression to ascertain whether personality (range 33.69 – 

53.96), impulsivity (range 6.08 - 17.03), and fatigue predicted the likelihood to shoot. There 

were three standardised residuals with values of -2.099, 2.171 and 2.365 standard deviations, 

which were kept in the analysis. The area under the ROC curve was .837 (95% CI, .733 to 

.940), which indicates an excellent level of discrimination (Hosmer, Lemeshow, & 

Sturdivant, 2013). The logistic regression model was statistically significant χ2(11), p < .05, 

explaining 41% (Nagelkerke, R2) of the variance in shooting behaviour and correctly 

classifying 75% of cases. Sensitivity was 60.9%, specificity 83.8%, positive predictive value 

70%, and negative predictive value 77.5%. Of the 12 predictor variables, only four were 

statistically significant: Total IPIP score, two dimensions of the IPIP (extraversion and 

conscientiousness), and sleepiness, as shown in Table 3.3 below. While this may seem 

compelling, it is important to note that all that was predicted was the decision to shoot or not, 

and not necessarily presenting failure-to-identify behaviour. 
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Table 3.3 Logistic regression predicting likelihood to shoot based on total impulsivity, 

impulsivity dimensions (attentional, motor), total IPIP score and its dimensions 

(extraversion, agreeableness, conscientiousness, neuroticism), sleepiness, physical 

fatigue, and mental fatigue 

  

 B   

 

S.E. 

 

Wald 

 

df 

 

p 

 

Odds ratio 

95% C.I.for EXP(B) 

Lower Upper 

Total impulsivity .225 .422 .284 1 .594 1.252 .547 2.864 

Attentional 

impulsivity 

-.151 1.136 .018 1 .894 .860 .093 7.968 

Motor impulsivity -.600 .945 .404 1 .525 .549 .086 3.497 

Total IPIP -.492 .249 3.900 1 .048 .611 .375 .996 

Extraversion 1.027 .354 8.406 1 .004 2.792 1.395 5.588 

Agreeableness .320 .360 .788 1 .375 1.377 .680 2.788 

Conscientiousness 1.176 .427 7.562 1 .006 3.240 1.402 7.488 

Neuroticism .579 .362 2.559 1 .110 1.785 .878 3.630 

Sleepiness .796 .342 5.411 1 .020 2.216 1.133 4.332 

Physical fatigue -.600 .317 3.581 1 .058 .549 .295 1.022 

Mental fatigue -.115 .279 .170 1 .680 .891 .516 1.539 

Constant -7.004 5.487 1.629 1 .202 .001   

 

3.4.2 What influences the choice of targets (stag, hind, or unidentified animal)? 

Participants were instructed to shoot stags only. However, their performance was varied, with 

23 of the 60 participants discharging their firearm, not all of whom were attempting to shoot 

the stag. Table 3.4 presents a breakdown of shooting behaviour in each condition.  



99 

 

Table 3.4 Participants' shooting behaviour for each combination of simulation condition 

(stag, unknown animal) and contextual scenario (good vs bad) during the hunting 

simulation 

 Stag Video Unknown Animal Video 

 Good Scenario Bad Scenario Good Scenario Bad Scenario 

Shot status:     

Shot Taken 7 10 2* 4 

No Shot Taken 8 5 13 11 

 

Shot at: 

    

Stag 5 9 1 0 

Hind 2 1 0 0 

Unidentified 

Animal 
0 0 0 4 

Nothing 0 0 1 0 

* These two participants shot before the final act of the video 

A two-way ANOVA determined that there were no statistically significant interactions 

between scenario and video, F (1, 56) = .709, p = .403, partial η2 = .013. Of the 30 hunters 

who were presented with the stag video, 17 fired their rifle, regardless of scenario. The 

majority of these (n=14) shot the stag, while three shot at the hind, forgetting their initial 

instructions.   

Of the hunters who shot the unidentified animal in the ‘unknown animal video’ (n=4), all 

were presented with the ‘bad’ context scenario and shot within 25-30 seconds of the final act 

commencing.  
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3.4.3 What physiological changes occurred during the simulation? 

Obtaining pupillometry data at critical moments of the simulation proved challenging. The 

moments of most interest – the seconds leading up to a participant shooting – were often 

hindered by participants raising their firearm to shoot, which (because of the telescopic sight) 

changed the luminance incident on the eye. Therefore, data acquisition and analysis were 

restricted to only those moments when the participant kept their firearm lowered. We focused 

our analysis of pupillometry data on the initial identification of a target animal in Act I of 

both video conditions. 

We compared pupillometry data in a 3-second baseline epoch immediately prior to the 

appearance of the deer to a test window of 10 seconds that commenced when the deer 

appeared. The reason for a 3-second baseline was that only three seconds of film was 

available just prior to the test condition which we believed had a relatively stable degree of 

sound and scenery. This approach also ensured luminance remained equal across conditions 

during this interval, so any changes in pupil dilation could not be attributed to differences in 

incident light.   

A two-way ANOVA revealed no effects of video on pupil dilation, F(1,52) = 1.090, p = .301, 

partial η2 = .021, or scenario, F(1, 52) = 0.012, p = .914, partial η2 = 0, with no significant 

interaction (p = .906). 

A paired-samples t-test was used to determine whether there was a significant difference 

between the baseline pupil diameter taken prior to the appearance of the first stag and the 

diameter in the period immediately following. Four outliers were detected that were more 

than 1.5 box-lengths, using the interquartile range rule, from the edge of the box in a boxplot. 
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The differences in pupil diameter were not normally distributed, as assessed by Shapiro-

Wilk's test (p<.001). However, with the removal of the outliers, the average pupil diameter 

was significantly larger after the appearance of the stag than in the baseline interval, t(51) = 

6.324, p<0.01 (baseline mean diameter = 4.73, SD = 1.02; stag mean diameter = 5.02, SD = 

1.07) 

The Empatica watch recorded electrodermal analysis (EDA) and was analysed during the 

same epoch as the pupillometry analyses above (i.e. from 3s prior to 10s after the appearance 

of the stag). Analysis of the EDA data using a paired-samples t-test found that the EDA 

scores increased from baseline to the epoch during the first sighting, but this difference was 

not significant, p=.500. 

A two-way ANOVA revealed no main effects of video, F(1,53) = .972, p=.329, partial η2 = 

.018, or scenario, F(1,53) = .464, p=.499, partial η2 = .009, nor any significant interaction, 

F(1,53) = .388, p=.536, partial η2 = .007. 

We also assessed EDA differences in the epoch leading up to the moment of shooting. A new 

EDA baseline was taken by calculating the mean during the first 30 seconds of recording, 

during a time when the participant may have been experiencing an increased level of 

excitement at seeing the simulation for the first time. We decided to use this as the baseline to 

enable any potential increase in mean EDA to be more compelling. The test epoch was the 

last 10 seconds prior to shooting.  

Of the 23 participants who discharged their firearm, two participants were excluded due to 

lack of forward-facing video data, which was vital for isolating the test epoch data. For the 

remaining 21 participants, the EDA data for 10 seconds before shooting were obtained. The 
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logarithm of the EDA recordings was calculated and average readings for the 10-second 

epoch are presented in Figure 3.3 below. 

 

Figure 3.3 Average EDA of all participants who discharged their firearm, taken 10 seconds 

prior to shooting 

The most compelling data shown in the graph in Figure 3.3 is the increase in EDA from four 

seconds prior to shooting; a time when many hunters profess that they try to calm down. The 

lowest EDA recording for both video conditions was taken at t-minus 4.25 seconds and 

compared to the 30-second baseline taken at the beginning of the simulation (when 

participants were expected to be highly excited) revealed a significant increase (Z = -3.076, p 

= .002).  
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A Kruskal-Wallis H test was conducted to determine if there were differences in EDA 

readings between groups that differed based on the scenario and simulation video: the ‘good 

scenario – stag video’ (n = 5), ‘good scenario – unknown animal video’ (n = 2), ‘bad scenario 

– stag video’ (n = 10), and ‘bad scenario – unknown animal video’ (n = 4). Distributions of 

EDA readings were not similar for all groups, as assessed by visual inspection of a boxplot. 

Median EDA readings increased with the unknown animal video across both scenarios: 0.077 

to 0.292 (for the good scenario) and 0.049 to 0.153 (for the bad scenario), but the differences 

were not statistically significant, χ2(3) = 2.010, p = .570. Unfortunately, given the low 

number of some of these groups, even if statistical significance had been found, the low 

power would have made any findings questionable. Nevertheless, they give us some 

confidence that the simulation resulted in physiological arousal during significant moments, 

such as seeing a potential quarry animal or executing a shot. 

It was not possible to make direct comparisons of psychophysiological data between those 

who discharged their firearm and those who did not due to participants shooting at different 

moments of the simulation, making it impossible to match the epochs of shooters and non-

shooters.  

The EDA data was not normally distributed, as assessed by Shapiro-Wilk’s test (p < .001). 

As a result, a Mann-Whitney U test was conducted to determine whether there were 

differences in EDA delta (between baseline and sight of the first deer) for those who decided 

to shoot compared to those who did not. Median EDA delta scores were not statistically 

significant between shooters and non-shooters, U = 320, z = -.959, p = .337. 
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3.4.4 What was the perceived duration of the simulation? 

The participants were instructed to indicate the moment they spotted their first deer which 

commenced the timing of the hunt. Timing ceased at the end of the hunt which was marked 

either by the moment the participant discharged their firearm and the simulation paused, or 

by the simulation coming to an end.  

In the final survey, 58 participants provided an estimate of the time duration between spotting 

their first stag and shooting or the termination of the simulator. Most estimations were higher 

than the actual time taken.  

The analysis of the data was challenged by four participants leaving dubious time estimations 

on their surveys; writing a single digit in the ‘seconds’ box of the survey when the actual 

duration was minutes. As a result, the four estimations of 5 (actual 140 seconds), 5 (76 

seconds), 6 (153 seconds), and 10 (159 seconds) were removed. The analysis revealed a 

significant difference between perceived and actual time, t(53) = -3.091, p < 0.01. Hunters 

overestimated their time in the simulation by an average of 37.1 seconds or nearly 28% (see 

Table 3.5). 

Table 3.5 Comparison of means of estimated versus actual duration of time between spotting 

a deer and pausing or cessation of simulation 

 Mean N Std. Deviation Std. Error Mean 

Actual duration (secs) 137.3 54 27.6 3.8 

Estimated duration 

(secs) 174.4 54 82.4 11.2 
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3.5 Discussion 

The primary purpose of this research was to ascertain whether simulations are an effective 

approach for analysing hunting safety when seeking to understand the causal and contributing 

factors of failure-to-identify hunting incidents. The secondary objective was to ascertain 

whether contextual conditions could affect safety, decision making, and psychophysiology.   

Anecdotal evidence from the hunting community suggests that the decision to shoot is also 

driven by other factors such as the personality or risk-taking behaviour of the hunter, and 

possibly by physiological factors such as hunger, thirst, sleep deprivation, and intake of 

alcohol. 

The simulation was received well by participants. We advised the participants to try to treat 

the simulation as a real hunt, and as a result, behaviours associated with not taking the 

simulation seriously such as rapid shooting (as if it were an arcade/computer game), leaving 

prematurely (through dissatisfaction with the approach we chose), or displays of anger 

directed at the researcher were not observed. The experimental variables we applied appeared 

to trigger a range of outcomes discussed below.  

We present findings associated with the increase in EDA in the final four seconds of a 

firearm shooting, pupil dilation present upon sighting of the first stag, and an over-estimation 

of hunt duration. Other than conscientiousness, extraversion and sleepiness, we were unable 

to find any differences in hunting decision making based on personality, fatigue, or 

food/liquid intake. However, we do note that the sleepiness scale was completed after the 

experiment and participants may have been reporting heightened level of fatigue because of 

the experiment. We were unable to determine if context (via the simulation videos and 
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scenarios) appeared to influence outcomes, although all participants (n=4) who shot the 

unknown animal were from the bad scenario group. The bad scenario seemed to drive more 

participants to shoot, but we did not obtain statistical significance. Many participants 

commented that the level of immersion of the simulator was high, perhaps too high, as some 

hunters were physically shaking afterwards due to a heightened sense of arousal and 

excitement, but it is worth noting that buck fever appears to trigger a similar response (Wood, 

2012). Thus, the possibility of the simulation triggering buck fever cannot be ruled out at this 

stage. EDA and pupillometry data showed fluctuations throughout the experiment, indicating 

increased arousal at specific periods, i.e. first sighting of the first stag and the final seconds 

leading up to the shooting.  

The experiment had some limitations that may have affected the power of the findings. The 

participant count was low and especially so when divided into four groups of fifteen (video 

versus scenario). Given the reaction and verbal feedback of the participants, we believe that 

the length of the videos was sufficient for adequate immersion. However, the videos were 

slightly unequal in length (5 minutes and 5:07 minutes). We are not sure if this would have 

had an impact. Although no participants reported any sense of motion sickness, we were 

concerned that this could be a problem and we therefore chose to use traditional simulation 

over virtual reality in which motion sickness is common (Gavgani, Walker, Hodgson, & 

Nalivaiko, 2018). The final act of the ‘stag video’ inadvertently had a distractor (the hind that 

appeared just before the stag). There was no comparable distractor in the ‘unknown animal 

video’ other than the audio and thus the presence of the hind is an extraneous variable that 

may have influenced the findings.  



107 

 

Using pupillometry, we determined that significant arousal occurred upon sighting of deer in 

the vicinity. However, EDA scores decreased (but not significantly) during the same 

recording period, which could be due to the context and ‘mobilising-for-action’ of the hunter. 

This is consistent with EDA recordings reducing as a result of perceptual preparedness 

(Waid, 1979). According to the EDA data, levels of arousal increased during the terminal 

stages of hunting prior to discharging the firearm. Hunters frequently profess the need to 

‘calm down’ to prevent buck fever and hunter safety training courses urge hunters to pay 

attention to control their breathing prior to shooting. Although no physiological data were 

obtained in Bridges et al. (2018), the results of this research support the importance of those 

final moments before shooting when additional arousal occurs. Hunters need to be aware that 

this arousal occurs and that it may contribute to the onset of buck fever or bad decision 

making. 

The findings of this research did not find a link between alcohol, food or water and shooting 

performance. 

Time estimations were higher than reality. Construal Level Theory suggests that when we 

think about how a task is to be completed, duration times are underestimated (Siddiqui, May, 

& Monga, 2014). However, when individuals think abstractly for complex tasks, the opposite 

takes place; individuals overestimate duration (Siddiqui et al., 2014). This would appear to fit 

with the basic notion that hunting is a complex task and subjected to considerable variability 

between hunts (Bridges et al., 2018). The concept that time slows down for the hunter would 

necessitate a recommendation that more time is taken by the hunter to fully identify their 

target. 



108 

 

Only four hunters shot the unidentified animal, all of whom had been subjected to the 

negative scenario. There were no other similarities across any other dimensions, suggesting 

that negative context may affect discrimination and signal detection similar to driving (Lees 

& Lee, 2007), facial recognition (Jones, Robinson, & Steel, 2018), and eye-witness decisions 

(Meissner, Tredoux, Parker, & MacLin, 2005). 

This research has identified that psychophysiological changes occur during a simulated 

hunting paradigm, and given the reactions of participants, it appears that various hunting 

scenarios affect different people in different ways. Future research should consider examining 

whether situational context influences the decision to shoot with limited information. Using 

simulation, the findings of this study have provided important data towards improving 

understanding in an under-researched area. It is critical that safety and training organisations 

have a detailed understanding of the human factors of this sport and the tools available to 

measure and monitor, rather than relying on anecdotes and hearsay. 

Most failure-to-identify hunting incidents occur during ‘the roar’ (Green, 2003; MSC, 2017), 

a time of year when many stags are less cautious, and hunters are excited and keen for meat 

or a trophy head. In 2018, there were two failure-to-identify incidents, one of which was 

fatal. These incidents are rare in New Zealand, equating to approximately two per year 

(MSC, 2017). In Germany, 9.3% of injuries and fatalities are attributed to failure-to-identify 

(Karger, Wissman, Gerlach and Brinkmann, 1996). In the USA, these incidents are more 

prevalent at approximately 20 per year (Centers for Disease Control and Prevention, n.d.). 

However, there are 195,098 hunters in New Zealand (MSC, 2017) compared to 16.9 million 

in the USA (Statista, n.d). Considering active hunting populations, New Zealand displays a 

failure-to-identify incident rate of an order of magnitude higher than the United States. 
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Although there may be cultural and historical differences concerning the ownership, handling 

and utilisation of a firearm in a hunting context, the importance of minimising or completely 

eradicating failure-to-identify hunting incidents cannot be underestimated, and we believe 

this research has assisted in commencing the journey towards understanding this 

phenomenon.  
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Chapter 4  
Sika 2018 – Hunters focusing and 
rushing their shots may be a 
causal factor in failure-to-identify 
hunting incidents 
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4.1 Rationale 

After completing the first experiment in failure-to-identify incidents, I discovered a range of 

psychophysiological phenomena occurring that appeared to support the presence of buck 

fever. However, I was unable to find any association between psychophysiological arousal 

and the decision to shoot based on limited information. With only four participants shooting 

at the obscured animal in the simulator experiment, I had minimal data to analyse. I produced 

some evidence that personality appeared to influence outcomes associated with choosing 

when to shoot, although I was unable to find that personality could influence the chances of a 

hunter misidentifying their target. The findings of the research suggested that time slows 

down for hunters which could imply that hunters are reacting too quickly to their stimuli.  I 

also discovered that pupil dilation occurs when sighting a target. Finally, participants 

appeared to fully immerse themselves in the simulation. However, the previous experiment 

had a low power for the statistical analyses due to the low participant numbers. As a result, I 

knew that the next experiment needed more participation. If I were to continue using the Sika 

Show, by far the best participant pool nationwide, I only had a two-day window to do this. 

Therefore, the next experiment needed to take less time and potentially run two experiments 

at the same time. 

I wanted to investigate the impacts of arousal, visual acuity, and contextual information when 

deciding whether to shoot. The findings and planning for my next part of the research 

coincided with a personal and very relevant experience, as described in the following 

paragraphs. 

My family and I had recently moved to a rural property and as a result, we had to conduct 

pest control on the extensive local possum population that frequented our land. My parents 
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were visiting from the UK and my father and I went out one night so he could experience 

what I had to do to keep the local possum population down. Spotting possum is easily 

achieved by shining a torch into their eyes; the light reflects off their retinas, and thus the 

possum gives their position away. On seeing the light source, many possums (if they are on 

the ground) flee up the nearest tree in the hopes that their escape will go unnoticed. 

Unbeknownst to them, this provides the perfect opportunity to shoot them as they sit 

motionless in the tree.  

This night, my father and I spotted a pair of eyes staring back at us in the darkness on a 

nearby fence post, and we both slowly closed in on the animal’s position. The creature sat 

motionless, which made me initially question if this was the type of animal that we thought it 

was. We moved within 15 metres of the animal; I chambered a bullet in my rifle, and the 

animal just sat motionless on a small tree stump. Usually, when I doubt what I am seeing (the 

reflective eyes), I assume the animals are my (highly inquisitive) cats, and when I call them, 

they come up to me. I called my pets’ names, but the animal remained motionless. My father 

had a torch on the animal, and I had my head torch on it as I raised my rifle to view it through 

my scope. I could make out the eyes of the animal which were conducive with those of a 

possum (hints of orange and not bright white like a cat’s eyes). The animal had grey fur and I 

noticed its black tail which is akin to that of a possum. My father said, “It’s a possum, shoot 

it”, but I was not sure, stating “I cannot identify it, Dad”. I called my cats again and still no 

response. I was now less than 10 metres away, and my finger moved to rest on the trigger of 

my rifle. In my mind I said to myself “Shoot, it will be okay” and I felt my finger start to 

squeeze the trigger slowly. Then, at the last moment, I stopped when I realised my need to 

shoot overwhelmed my clarity and judgment. The hairs on the back of my neck stood up. I 
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took my finger off the trigger and moved to within five metres and there was still no change 

in the animal’s position. When I was three metres away, I stepped to the side and realised that 

the animal I had been targeting was my son’s grey tabby cat. I was mortified about how close 

I had come to shooting my son’s cat. 

I realised that I had experienced my own, albeit domesticated, version of a failure-to-identify 

incident. I learned how easy it is to act on partial information, and I decided to explore this 

further in the next experiment. Therefore, I decided to investigate, using computer-based 

testing, whether hunters’ confidence in their decision would be affected when specific partial 

anatomical information presented to them, and whether they would shoot based on this partial 

information.  

I had previously constrained and challenged the participant by instructing them to shoot only 

stag amongst a variety of scenarios that deliberately made it difficult for them to shoot. I 

wanted to see what would happen if hunters had ‘free rein’ to shoot at any deer, which would 

more closely resemble a real hunt, especially when the hunter is operating on public land 

during the roar. I intended to move the simulation closer to real-life without losing the ability 

to maintain experimental control which was difficult during the field trials outlined in 

Appendix C.  

I had inadvertently focused on the initial stage of the hunting FRAM, the sensing stage, as 

outlined in Chapter 2 (see Figure 4.1) and I then wanted to acquire a better understanding of 

how hunters comprehend their target before shooting. 
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Figure 4.1 The initial ‘sensing’ stage. The functions associated with the sensing stage are 

coloured green 

4.2 Introduction 

Since 2015, research attention on ‘failure-to-identify’ or ‘mistaken-for-game’ hunting 

incidents has been increasing following several fatal shootings (Stuff, 2015; Watson, 2010; 

Wilson & Bridges, 2015). Anecdotal evidence suggests that target misidentifications are 

common in hunting situations, usually with harmless outcomes. However, of particular 

concern is when a hunter (often hunting big game) mistakenly targets and shoots a human 

when the hunter fully believes they have an animal in their sights. Such incidents, while rare, 

almost always result in a fatality or severe injury. Failure-to-identify incidents occur mainly 

in deep bush or forest territory, and at distances as short as 25 metres (MSC, 2017), and they 
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appear in many countries where hunting is a popular sport, regardless of the degree of 

regulation in force (Statista, n.d.). 

Previous research into failure-to-identify incidents has focused on investigative and coronial 

reports (Slings et al., 2015) or thematic analysis of incident investigations (Green & Boyes, 

2006). These approaches focus on historical data and can only offer insights into 

commonalities between events, and thus they provide limited scope for prevention of future 

incidents. Until recently (Bridges et al., under review – see Chapter 3), no research had been 

conducted on hunters’ performance, behaviour, and decision making with a focus on 

prevention of further incidents. Chapter 3 describes an immersive hunting simulation used to 

explore the influence of personality and physiological variables on decision making in 

hunters. The chapter concluded that individual differences in personality (extraversion and 

conscientiousness) influenced decisions to shoot. However, there was no determination made 

regarding whether these traits would make hunters less safe or more at risk of misidentifying 

their quarry.  

Chapter 3 produced evidence suggesting sympathetic arousal in hunters at two critical 

moments: the initial identification of a deer, and when they were about to shoot their firearm, 

the latter being a time when hunters should be calming down to ensure accurate shot 

placement.  

Electrodermal activity is considered a practical approach for measuring arousal (Picard et al., 

2016), and sympathetic arousal correlates with decision making (Ohira, Matsunaga, Osumi, 

Shinoda, & Yamada, 2013), proving a useful avenue for further exploration. However, the 

research discussed in Chapter 3 was limited as it only explored the initial steps of the process 
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of hunting, defined as the ‘perceiving’ stage in a Functional Resonance Analysis Method 

developed with hunting subject matter experts (Bridges, Hollnagel. & Corballis, 2018).  

Bridges et al. (2018) developed a map of hunting dissected into three stages: Perceiving the 

initial cues that deer are in the vicinity, culminating in visual confirmation of the deer; 

Comprehending the situation concerning terrain, time left in the day, weather, the type of 

deer, and many more contextual factors, culminating in the decision about whether to shoot; 

and Committing to shooting the deer by going through a few final checks associated with the 

animal, the firing zone, and whether the hunter can achieve a quick and humane kill. A 

natural progression would be to focus on the terminal steps of ‘perceiving’ and the 

‘comprehending’ stage of the hunting task. There is little known about when or how hunters 

confirm that the object they are looking at is a deer. Unlike hunting safety training (Hunts 

Course – New Zealand Deerstalkers’ Association, 2020), the Arms Code 2013 (New Zealand 

Police, 2013) does not advise to identify the deer in its entirety but advises against shooting at 

movement, colour, sound or shape (p. 7). Thus, if a new hunter relies solely on the Arms 

Code, they are less likely to acquire an in-depth understanding of the risk of failure-to-

identify incidents and potential strategies that can be applied to mitigate the risk. Therefore, 

the need to isolate and examine the moment of identification is warranted.   

Intuitively, to identify a deer, particularly a stag, one would locate it much faster by the 

presence of a head and antlers, as opposed to other parts of the deer which could more easily 

be confused with other animals. However, what is less clear is how hunters respond to those 

initial cues of identifying partial anatomy and how this may affect their actions once they 

have the opportunity to pull the trigger. If a hunter is self-confident, of a particular 

personality type, and potentially more excitable, and they believe they could identify a deer 
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from any part of its anatomy quickly, would they be more likely to commit a failure-to-

identify error? Recent incidents have involved experienced hunters (MSC, 2017), and further 

investigations of incidents have suggested fatigue and food/liquid intake are contributing 

factors (Slings et al., 2015). In addition, dense bush terrain consists of a variety of lighting 

levels (Hunts Course – New Zealand Deerstalkers Association, 2020), and it is not known 

whether different light levels around the deer help or hinder identification. 

With these considerations, we investigate how accurately deer are identified based on partial 

information. We then investigate if hunters are willing to shoot a partially obscured deer. We 

also seek to determine if there is any link between performance, fatigue, and food or liquid 

intake. Finally, we investigate if these actions are in any way linked to ascertain if overly 

confident hunters are more at risk than less confident hunters of committing a failure-to-

identify error.  

4.3 Method 

We tested experienced hunters recruited from the attendees at a popular hunting show and 

exhibition, the Sika Show, held annually in Taupo, New Zealand. The study consisted of two 

phases: a computer-based test and an immersive video-based hunting simulation. Each stage 

took place in a segregated, enclosed space which minimised ambient light and noise.  

4.3.1 Participants 

Participation in the experiment was available to people over the age of 18 years who had 

experience hunting deer. Recruitment involved approaching attendees who had expressed an 

initial interest in the booth and the ongoing research. Details of the recruitment process are 

presented in Appendix D. 
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Of the 102 participants, 94 were male. Although the participation was skewed heavily 

towards male hunters, this gender split differs only marginally from that of hunters in New 

Zealand (92% / 8%; MSC, 2017). The average age for all participants was 38.97 years (range 

18-77 years), with an average experience of 23.9 years (range 0.5-60 years). The median 

frequency of hunting per year was 12 (range 1 – 156 times per year).  

Participants who completed the entire experiment were compensated by entering them into a 

draw to win a hunting-related prize (retail vouchers, freeze-dried food packages, DVDs, 

books, and a hunting jacket).   

The protocols used in this research were reviewed and approved by the University of 

Auckland Human Participants Ethics Committee, and all participants provided signed 

informed consent before their participation. 

4.4 Apparatus and Stimuli 

The booth consisted of three stages conducted in segregated zones: questionnaires, computer-

based testing, and simulation. 

Questionnaires: Participants completed three questionnaires assessing fatigue/sleepiness, 

personality, and impulsivity. The BIS-11 (Patton et al., 1995), an 8-point scale, was used to 

assess levels of attentional, motor, and self-control impulsivity. The Mini-IPIP (Donnellan et 

al., 2006), a 20-point scale, was used to assess levels of agreeableness, conscientiousness, 

neuroticism, intellect, and imagination. A modified version of the 3-point Karolinska 

Sleepiness Scale (Åkerstedt & Gillberg, 1990) was used to assess levels of fatigue and 

sleepiness. 
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Computer-based testing: We used two windows-based Hewlett Packard HP450 laptops 

running custom software developed on a cross-platform game engine, Unity Technologies. 

One laptop had its imagery starting with a black background (n=53) and the other white 

(n=49), to simulate different ambient lighting around the target animal.  

Hunting simulator: We conducted immersive hunting simulation using two identical 

simulators. Each simulator environment (simulation equipment provided by BowSim 4D Ltd, 

Palmerston North, New Zealand) was six metres deep and three metres wide. One wall 

consisted of a 3-metre-wide by 2.25-metre-high projection screen, on which the hunting 

scenarios were displayed. The participants used a modified bolt-action Winchester rifle with 

a Burrell (3-8X) telescopic sight, retrofitted with a co-axial laser which activated once the 

participant pulled the trigger. A laser dot was projected onto the screen and detected using a 

modified X-box console (Microsoft Ltd., Redmond WA, USA) connected to the projection 

unit. The simulation software allowed for the video to momentarily pause the moment the 

participant pulled the trigger, displaying the location of the shot in greater detail. We used a 

stopwatch to record the time that the participant discharged their firearm at a target.  

Following the simulation, participants were debriefed and asked to complete surveys on 

eating and drinking (8-point questionnaire) during the previous 24 hours, and a question on 

their sleep quantity for the last two nights. 

To measure psychophysiology, we recorded electrodermal activity (4HZ sampling rate) and 

heart rate (sampled at 64Hz, digitised at 1Hz) using a wristwatch (Empatica E4; Cambridge, 

MA). The watch was attached to the preferred wrist of the participant.  
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4.5 Procedure  

Computer-based testing: Each trial commenced with a blank screen. With the aim of 

simulating varying ambient light around the target animal, for half the participants the blank 

screen was white, and for the remaining half it was black. As soon as the trial began, one of 

four pictures of a stag was gradually revealed. Participants were instructed to press the 

spacebar on the computer keyboard the moment they were able to identify the image as a 

deer. 

Once the participant pressed the spacebar, the image disappeared, and the participant 

responded to a question (using the computer mouse) about whether they would shoot the stag 

based on what they had seen. If the participant selected ‘no’, they were then asked to explain 

the reason for their decision. If they selected ‘yes’, they then reported (using a sliding scale 

from 1 = not at all confident to 7 = very confident) how confident they were that their 

decision to shoot was the right one, and how confident they were that the animal revealed in 

the image was a stag.   

Each participant received four test trials that followed a single practice trial. Each trial 

displayed a different image depicting a mature stag from side-on but varying in lighting and 

background (see Figure 4.2). The photos were revealed in one of four ways:  

• The entire image was revealed at a slow rate (25 seconds), but all aspects of the image 

were revealed at the same rate  

• The image was revealed at the same slow rate using an expanding Gaussian window - 

a blurred circle increasing in size from a single point - centred on the antlers 

• The image was revealed at the same slow rate using an expanding Gaussian window - 

a blurred circle increasing in size from a single point - centred on the forequarters 
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• The image was revealed at the same slow rate using an expanding Gaussian window - 

a blurred circle increasing in size from a single point - centred on the hindquarters 

 

Figure 4.2 The four images used in the computer-based testing 

For the revealing conditions, the Gaussian window started as a single point and expanded in 

diameter. The ‘iris’ of the Gaussian filter is mapped out to four standard deviations. When the 

iris is drawn, it begins with a size of 0% of the screen height, with the radius growing linearly 

to 100% of the screen height over a period of 25 seconds.  

The trials, both iris and full fade, took 25 seconds to expand fully and reveal, after which 

there was an additional five-second pause before the trial terminated automatically. The delay 

was designed to help distinguish between participants who responded from those who did 

not. The first few seconds of the trial are demonstrated in Figure 4.3. 
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Figure 4.3 Methods of revealing pictures in the computer-based test: A. Revealing at an 

equal rate; B. Gaussian filter starting at antlers/head; C. Gaussian filter starting at 

forequarters; D. Gaussian filter starting at hindquarters 

Once the participant had answered the confidence question, the trial continued with the image 

gradually disappearing (over the same duration as revealing), either by reducing the contrast 

of the entire image or by constricting the Gaussian window back to the point of origin for that 

condition. The participant was instructed to press the spacebar when they could no longer 

recognise the image as a stag. This data allowed us to calculate the mean time between reveal 

and hide to ascertain their recognition time.  

Simulation: The researcher initially recorded the participant’s demographics (age, sex, 

experience) and attached the electrodermal watch on the wrist of the participant. I decided to 
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ask the demographic questions as part of explaining the experiment (see Appendix D for 

standardised instructions) and making the participant feel at ease. The simulation involved 

the participant experiencing a series of four videos in randomised order. The sequence of 

videos was preceded by a caption screen instructing the participant about what will happen 

and what they need to do. The instructions were: 

• You will experience a real NZ bush hunt during the roar 

• Due to culling, you are instructed to shoot any male or female deer you can identify 

• We are getting right amongst it 

• Let’s go! 

After the 30 seconds of the captions shown above, a video showing 60 seconds of the New 

Zealand bush was displayed. No deer appeared during this part of the video, and thus, there 

was no opportunity to shoot. The first video allowed the participant time to get used to the 

unique test environment. 

The test videos then commenced, with each fading in after the previous video faded out. 

Three of the videos showed a stag emerging until it presented itself in clear view, enabling 

the hunter to easily take a shot at the deer’s forequarters (the area least likely to cause any 

unnecessary suffering in the animal). 

The fourth and final video presented a partially obscured deer that never fully reveals itself. 

Some movement can be detected in video 4 but the movement is only slight as the deer 

moves slowly forward to feed on the next patch of grass. According to target identification 

hunting procedures in New Zealand, hunters should not fire on a deer until they can fully 

identify it (head to tail). Still shots of all the videos are presented in Figure 4.4 below. 
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Figure 4.4 Video stills of deer presenting themselves. A. Emerging out of the bush to 

eventually present itself side-on. B. Emerging from the side to finally stand still side-on. C. 

Arising from over the hill, roaring and presenting side-on. D. Obscured from complete 

identification 

Each video lasted 30 seconds then faded out to a black screen before the next video 

commenced. Once the four videos were completed, the participant left the simulation for the 

final stage of the experiment. We randomised the order of the four videos using a Latin 

square to avoid practice effects. 

Final questions and debrief: The participant was ushered out of the simulator back to the 

survey completion zone and asked to complete a survey that measured their recent food and 

liquid intake, and how many hours they had slept in the last two nights.  
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4.6 Results 

4.6.1 Computer-based testing – recognition times 

Black versus white backgrounds: Mean confidence in image recognition score was higher in 

participants tested on the black background (6.63, SD = 0.49) than the white background 

(6.32, SD = 0.72). A Levene’s Test for Equality of Variance indicated a violation of the 

assumption of homogeneity of variance (p < 0.01). Mean confidence score for the black 

background test was 0.31 (95% CI, -0.56 to -0.07)) higher than the white background test 

scores. An independent samples t-test revealed that this difference was statistically 

significant, taking into consideration that equal variances are not assumed, 

t(82.233) = -2.518, p = .014. However, response times between laptop colours was not 

significant (p = .978).  

Deer anatomy: A visual inspection of boxplots for the data regarding the effect of deer 

anatomy on recognition times revealed many outliers (Figure 4.5), and the data were not 

normally distributed (Table 4.1), as assessed by Shapiro-Wilk’s test (p < .05).  
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Figure 4.5 Recognition times for each method of revealing the target picture showing outliers 

of the within-subjects factor (error bars CI Level 95%) 

Table 4.1 Tests of normality of the within-subjects factor 

 

Shapiro-Wilk 

Statistic df Sig. 

Head - reaction time .945 102 .000 

Forehind – reaction time .843 102 .000 

Rearhind – reaction time .992 102 .824 

Total – reaction time .870 102 .000 

 

As a result, a Friedman test was used to determine whether there were differences in response 

times during the computer-based testing protocol. Pairwise comparisons were performed with 

a Bonferroni correction for multiple comparisons. Recognition time was statistically different 

between total versus head revealing method (p < .001), total versus forequarters revealing (p 
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< .001), total versus rear quarters revealing (p < .001), head versus rear quarters revealing (p 

= .002) and forequarters versus rear quarters revealing (p = .004).  

Response time was statistically significantly different depending on the method of revealing 

the stag pictures, Χ2(3)=150.969,  p <.001. The deer image using the total reveal method 

resulted in the shortest recognition time (Mdn = 13.39 secs), followed by the Gaussian 

filtered approaches focusing on forequarters (Mdn = 15.96 secs), head (Mdn = 16.52 secs), 

and finally rear quarters (Mdn = 17.72 secs).  

A Kruskal Wallis test was conducted to determine if there were differences in response times 

between the four pictures used in the computer-based test regardless of background colour or 

the way the picture was revealed. Distributions of recognition times were similar in all 

groups, as assessed by visual inspection of a boxplot. Median recognition times were 

statistically different between groups, H(3)=22.31, p < 0.001. Pairwise comparisons were 

performed using Dunn’s (1964) procedure, with a Bonferroni correction for multiple 

comparisons. Adjusted p-values are presented. This post hoc analysis of the pictures (refer 

back to Figure 4.2) revealed statistically significant differences in median recognition times 

between picture 2 versus picture 4 (p = .021), picture 2 versus picture 1 (p < .001), and 

picture 3 versus picture 1 (p = .011). Median recognition times in picture 2 were quickest 

(Mdn = 8.62secs), followed by picture 3 (Mdn = 9.73secs), picture 4 (Mdn = 11.01secs), and 

picture 1 (Mdn = 12.80secs).  

We removed the picture that presented the fastest median recognition time (picture 2) and 

repeated the response time analysis. Results showed statistical significance depending on the 

method of revealing the stag pictures, Χ2(3)=61.550, p < .001. The deer image using the total 
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reveal method resulted in the shortest recognition time (Mdn = 13.39 secs), followed by the 

Gaussian filtered approaches focusing on forequarters (Mdn = 16.20 secs), head (Mdn = 

16.69 secs), and finally rear quarters (Mdn = 16.69 secs). This gave us more confidence that 

hunters are focusing on the forequarters – the area that is most likely to ensure a quick death 

of the animal. 

4.6.2 Computer-based testing – self-confidence measures 

Black versus white backgrounds: Image identification performance was not associated with 

image identification confidence (R2 = .028), with Bayes Factor inference on pairwise 

correlations = 3.185 (moderate evidence to support H0). 

Deer anatomy: A Friedman test indicated no significant effect of identification confidence 

depending on which part of the deer anatomy was revealed first Χ2(3)=2.027, p = .567. 

4.6.3 Hunting simulation – behavioural analysis  

Participants were assessed to see if they would shoot the obscured deer and if heightened 

arousal influenced their decision to shoot.  

Fifty-three participants (52%) raised their rifle using their scope to get a better view of the 

obscured deer. Fifteen (14.7%) decided to shoot even though the deer was not fully 

identifiable.  

Sixteen participants (15.6%), all male, expressed dissatisfaction with their shot placement and 

believed they should have waited longer before taking their shot. This information was 

obtained at the end of the simulation, and unfortunately, we did not record which specific acts 
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when these comments occurred. Of the 408 trials (four per participant), 306 (75%) involved 

firing the rifle; 38 (12%) of those shots missed the target. 

It is possible that participants may have been more ‘trigger friendly’ during the earlier stages 

of the simulation given the initial reaction and excitement of taking part, in effect treating it 

as a computer game. However, the table below does not indicate any significant peaks of 

shooting behaviour in the early acts of the simulation when breaking down the behaviour of 

hunters who responded to the obscured deer by either only raising their rifle up to look closer 

down the scope (scoping), or firing their rifle (shot). 
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Table 4.2 Number of participants who scoped or shot the obscured deer 

Shot obscured deer 

 Obscured deer 

shot in the first 

act 

Obscured deer 

shot in the 

second act 

Obscured deer 

shot in the third 

act 

Obscured deer 

shot in the 

fourth act 

N=15 (14.7% of 

participants) 

6 4 1 4 

Scoped obscured deer 

 Obscured deer 

scoped in the 

first act 

Obscured deer 

scoped in the 

second act 

Obscured deer 

scoped in the 

third act 

Obscured deer 

scoped in the 

fourth act 

N=53 (52.0% of 

participants) 

8 16 17 12 

 

Arousal: Unfortunately, the EDA watch did not begin recording at the same time that the 

stopwatch was started. The EDA recording took an indeterminate time to acquire data, which 

was different for each participant, and this only became evident when reviewing the data. The 

disparity in timing made it impossible to extract phasic EDA data during the lead-up to and at 

the point of firearm discharge. An attempt was made to analyse the overall EDA data to 

assess if the maximum and minimum readings influenced behaviour and decision to shoot.   

Log EDA range had no significant overall association with the outcome of doing nothing, 

shooting, or scoping the obscured deer (p = .202). Multinomial logistic regression was 

conducted to determine if the log HR range of participants predicted the decision to shoot, 

scope, or do nothing. Compared to doing nothing, there was no significant prediction of HR 

for deciding to scope the obscured deer (p = .146), or shoot (p = .884). 
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4.6.4 Computer-based testing versus simulation behaviour 

We analysed any association between recognition time in the computer-based testing and 

shooting the obscured deer. Based on this assessment, all continuous independent variables 

were found to be linearly related to the logit of the dependent variable. Binomial logistic 

regression was performed to ascertain the effects of recognition time on the likelihood that 

participants would shoot the obscured deer in the simulation. The logistic regression model 

was not statistically significant, p = .565. 

4.6.5 Individual difference questionnaires 

Binomial logistic regressions found that neither total impulsivity (p = .871), attention 

impulsivity (p = .276), motor impulsivity (p = .477), self-control impulsivity (p = .502), IPIP 

total score (p = .26), extraversion (p = .897), agreeableness (p = .187), conscientiousness(p = 

.275), neuroticism (p = .121), age (p = .156), sleepiness (p = .719), physical fatigue (p = 

.714), mental fatigue (p = .993), sleep in past 24 hours (p = .089), sleep during the night prior 

(p = .815), nor calculated experience (p = .175) could significantly predict the outcome of 

deciding whether to shoot the obscured deer. 

4.7 Discussion 

This research provided the opportunity to investigate behaviour, decision making, and 

psychophysiology during a hunting paradigm and was designed to determine whether 

anatomy influences recognition and response. We investigated whether background colour 

(simulating a dark or bright environment around the picture) drives performance and 

confidence. We also aimed to ascertain how participants would respond to an unfavourable 
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hunting situation, specifically a partially obscured target. Finally, we aimed to establish 

whether any of these dimensions are associated with individual differences. 

Initially, we investigated whether recognition and response would be quicker when presented 

with the head and antlers of a deer. Surprisingly, presenting the forequarters (the area that 

hunters generally target) resulted in the fastest response times compared to other anatomical 

parts. It was anticipated that the best way to recognise a deer (particularly a male) would be 

to identify the head and antlers, but this was not the case. Attention to specific and relevant 

detail involves matching the visual information to a mental template of the animal’s features 

(Duncan & Humphreys, 1989; Treisman, 2006), and scene consistency (the presence of an 

animal in a ‘deer recognition’ task) will facilitate recognition (Bar, 2004; Davenport & 

Potter, 2004). An example of context influencing identification appears in the visual illusion 

of Fliegende Blatter in 1892 who presented an image of an animal that can be seen as either a 

rabbit or a duck. When presented around Easter, most people identify a rabbit in the image, 

whereas a duck is identified around October (Brugger & Brugger, 1993). In much the same 

way, the concern of hunters is to ensure a quick kill so that the animal they are hunting does 

not suffer needlessly. Therefore, their context influencer is the area they would target to 

obtain that humane shot, in this case the forequarters of the deer. Therefore, while initially 

surprising to find that hunters favoured the forequarters in our experiment, it would appear to 

support current understanding of context and target recognition. 

We also recognise that there were significant differences in recognition based on image type, 

regardless of the way the images were revealed, suggesting that image type may have 

influenced the findings. However, when we removed the image (picture 2, Figure 4.2) that 
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produced the fastest response times from the dataset and repeated the analysis, we still found 

that the forequarters recognition time was statistically quicker than the head and rear quarters.  

In terms of recognition performance, participants were not significantly affected by 

background colour. However, recognition confidence increased with the black background. 

The original purpose of presenting the images using two different backgrounds was to try to 

simulate the experience of a hunter navigating deep bush with the change in light levels they 

are likely to experience. Despite finding no significant differences between the two 

background colours in terms of performance, decision confidence differed significantly. Our 

analysis is corroborated by the weak correlation between performance and judgment 

confidence demonstrated in activities such as eye-witness identification tasks (Sporer, 

Penrod, Read, & Cutler, 1995), and celebrity face recognition (Stevenage, Neil, & Hamlin, 

2014). 

The EDA readings produced no significant findings. However, behaviourally, hunters 

appeared to be rushing their shots, being keen to raise their rifle (albeit often just to use the 

scope for a better look) and being eager to disregard the recommendation to identify all parts 

of the deer before discharging their firearm. However, participants were not equipped with 

binoculars during the experiment. Therefore, we do not know how many would have 

favoured their rifle optics when given the opportunity to use binoculars. Participants were 

observed shooting at the initial sight of only two antlers before the deer emerged entirely and 

shooting at the partially obscured animal, which could easily have been on the back of a 

hunter carrying it out of the forest.  
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Premature shooting has been extensively researched regarding incidents of police shooting 

innocent civilians (Worrall, Bishop, Zinser, Wheeler, & Phillips, 2018), and friendly fire 

incidents in the military (Wilson, Head, de Joux, Finkbeiner, & Helton, 2015). However, the 

context and sense of personal threat may differ between military/police operations and 

hunting. The findings of our study provide evidence that hunters were rushing their shots 

through behavioural observation, which is a widely recognised problem in the hunting 

community, resulting in missed shots, inaccurate shot placement, and potentially failure-to-

identify incidents from the 15% who shot at the obscured deer. Thus, many trainers and 

safety professionals emphasise the importance of taking time to assess, get comfortable, and 

line up their rifle on the target before shooting. 

Our analysis of personality and individual differences did not reveal any evidence supporting 

an association between individual differences and performance and decision making. This 

finding may challenge the belief that extroverted and conscientious individuals are more 

likely to shoot. However, the mini IPIP is an expeditious inventory and maybe lengthier 

surveys may have discovered factors that could not be found in this experiment. This 

disparity in findings highlights the need for more research into potentially unsafe 

personalities in hunting given that extraversion correlates with dangerous acts in 

manufacturing (Mahmoudi, Fam, Afsartala, & Alimohammadzadeh, 2014), and driving 

(Lajunen, 2001; Renner & Anderle, 2000; Smith & Kirkham, 1981). However, to date, 

research has found no evidence of an unsafe hunting personality. 

Our research had its limitations regarding participant selection, motivation, perception, and 

reliability. Participants were approached by the principal researcher (KB) and a small team of 

assistants. All efforts to contact only those who showed an interest in the booth at the Sika 
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Show were made, but we cannot rule out potential bias in making those selections. In terms 

of motivation, participants were visiting a hunting show. As a result, a large proportion of 

them were avid hunters, target shooters, or generally interested in the sport. Our focus was on 

hunter performance, but we did not consider at the time baselining the findings against a non-

hunting participant pool. This approach would have provided valuable data concerning the 

computer-based target recognition task where hunters identified their targets faster based on 

the forequarters than the head of the deer. Hunters who participated were unlikely to be 

mentally prepared for the experiment; considerably different to going out hunting. Our booth 

was unique at the Sika Show, which focused more on selling guns, hunting paraphernalia, 

education, and food/drink, and this may have influenced the data. Participants may have been 

at an increased level of excitement or keen to leave the experiment to view other parts of the 

show. However, we believe that conducting research in a natural environment would produce 

significant challenges associated with the control of extraneous and contextual variables. It is 

challenging to ascertain a better situation to conduct this experiment without, in some way, 

inadvertently influencing behaviour (e.g. hunting club meetings, visits to a university 

laboratory). However, this is a challenge faced by all researchers exploring human behaviour 

and cognition.  

In conclusion, in this experiment, hunters rushed their shots, responding to partial 

information. However, to date, there is no evidence regarding personality type that may 

explain why some hunters are impulsive and too quick to respond. As a result, we believe this 

research provides evidence for the need to increase the message for all hunters to take their 

time, be thoughtful of their actions, and consider the consequences of their decisions at all 

times, regardless of how confident they are in what they believe they see. 
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Chapter 5  
Sika 2019 – Direct peer pressure 
may be a causal factor in failure-
to-identify hunting incidents 
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5.1 Rationale 

The findings of the previous experiment regarding the participants’ decision to shoot at the 

partially obscured animal raised concerns. Of the 102 participants, 52% raised their rifle to 

take a closer look, and 14.7% took a shot based on the limited information shown in Figure 

5.1 below.  

 

Figure 5.1 Provided under copyright of Harald Bettin/Bowsim4d. Still image taken from 

video 4 

Anyone examining this image may conclude that they are looking at the rear quarters of a 

fallow deer, and they would be correct. However, if the hunter shot at this deer based on the 

limited information presented, they are infringing two rules of the Arms Code (New Zealand 

Police, 2013): 

• Rule 4 - Identify your target beyond all doubt 
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• Rule 5 - Check your firing zone 

Rule 4 is clearly an infringement, given that not all parts of the deer are identifiable. 

However, hunters must always consider their firing zone. Shooting through the flora of any 

kind risks the bullet ricocheting, with the smallest of obstructions significantly affecting the 

trajectory of the bullet. This could result in the hunter not being able to determine where the 

projectile is heading or inflicting only a wound on the animal and thereby causing a slow and 

painful death. In addition, bullets from many high-powered rifles can pass completely 

through the animal, in some cases, travelling as far as 984 feet after passing through the 

animal (Express, 2016). As a result, hunters must consider what lies beyond their quarry and 

are encouraged not to shoot animals on top of hills when shooting from a lower elevation, or 

into unknown bush. Given the limited information shown in Figure 5.1, the hunter should not 

have shot even if believed they had identified the animal.  

The video of the partially obscured deer in Figure 5.1 could easily have been on the back of a 

hunter crouching. Thus, the participants in the experiment could not have known whether the 

deer was alive or being carried out by another hunter. The holographic images shown in 

Figure 5.2 and Figure 5.3 (provided by the Mountain Safety Council) show a hunter with a 

deer on their back. As can be seen in these images, it is vital that a hunter has a clear view of 

the deer and the area around the deer. 
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Figure 5.2 Holographic image of a deer in the bush (Provided under the copyright of the 

Mountain Safety Council; see Appendix A) 

 

 

Figure 5.3 Holographic image of a deer on the back of a hunter (provided under the 

copyright of the Mountain Safety Council; see Appendix A) 
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The results of the computer-based testing detailed in Chapter 4 revealed that hunters had 

faster identification times based on the forequarters of the animal rather than the head/antlers. 

A potential reason for this is that the hunters’ focus on the goal, that of shooting the animal, 

was causing them to seek and shoot prematurely.  

The hunting FRAM in Chapter 2 suggests that many hunters in this experiment may have 

been circumnavigating the comprehending stage of considering identification, location, and 

presentation of the animal, and potentially moving too quickly into the committing stage 

shown in Figure 5.4 below. 

 

Figure 5.4 The ‘committing’ stage of the hunting FRAM 
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In Chapter 2, I examined failure-to-identify near-miss data to calibrate the FRAM and drew 

the following conclusions: 

If the activities associated with comprehending the safety of taking a shot occur 

too soon, the hunter appears to be basing their judgment on incorrect or 

insufficient information. If the comprehending stage occurs too late (especially 

after committing to shooting) or not at all, the hunter appears to be risking taking 

the shot in a rushed manner, again based on limited information. 

The findings of the experiment in the previous chapter appear to support this. Given that 

hunters were observed expressing frustration with themselves after they had discharged their 

firearm during the experiment, it appears that any consideration made by the hunter at this 

stage is happening too quickly.  

As a result, I was keen to understand what triggers could cause hunters to shoot too quickly. 

It was difficult to ascertain this in the previous experiment because the focus was on the 

elements that drive identification and whether hunters shoot based on limited information. 

The investigation focused less on the reasons for shooting early, and thus this became the 

focal point for the experiment presented below. 

5.2 Introduction 

Recreational hunting research is a field that focuses on population control (Kerr, 2019), 

economics (Nugent & Choquenot, 2004), and incident rates (Bishop, Frishmann, & Jones, 

2013). However, recently attention has been placed on injury prevention (MSC, 2017), 

human performance (Wilson & Bridges, 2013), and hunter resilience when adapting to 

adverse variables (Bridges et al., 2018; Chapter 2). Failure-to-identify hunting incidents 
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appear to encapsulate elements of performance and resilience, and ongoing research is 

occurring into the prevention of its re-occurrence (Bridges, Corballis, Spray, & Bagrie, under 

review). This type of incident breaches Rule 4 of the New Zealand Arms Code, which states 

that hunters should identify their target beyond all doubt before discharging their firearm 

(New Zealand Police, 2013), and there are comparable codes of practice worldwide (IHEA, 

2020b). Unfortunately, many incidents have resulted in fatal shootings of other members of 

the hunting party (if they split up; Stuff, 2015), innocent bystanders (if the hunter decides to 

hunt near camping grounds; Watson, 2013), and other animals (livestock on private property; 

Males, 2019).  

Failure-to-identify hunting incidents are one of many types of mistakes that stupefy many 

hunters, particularly considering that many of these incidents occur at a short distance, albeit 

in deep bush or forest (MSC, 2017). In some cases, associations are made between incident 

rates and experience (MSC, 2016a) or age (MSC, 2017). However, many failure-to-identify 

incidents are made regardless of age, with some shooters being in their twenties (Watson, 

2010), thirties (Police, 2018), and forties (NZ Herald, 2003b). Visiting any hunting club to 

discuss failure-to-identify incidents quickly leads to blame appointed to people (personality, 

fatigue, alcohol, experience, over-confidence), places (terrain, context, proximity to others), 

and hunting paraphernalia (equipment, optics, apparel), as discussed below. 

5.2.1 People 

Research into failure-to-identify incidents and their potential links with personality (utilising 

the International Personality Item Pool, IPIP; Donnellan et al., 2006) and individual 

differences has failed to produce any significant associations (see Chapters 3 and 4). 

However, research has shown that personality, impulsivity, and risk-taking behaviour are 
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strongly associated with one another (Maher, Thomson, & Carlson, 2015; Sween, Ceschi, 

Tommasi, Sartori, & Weller, 2017). The IPIP is considered a psychometrically acceptable 

tool and is practical when administering to participants who are not going to spend time 

completing lengthier personality inventories, and it shows convergent and discriminate 

validity (Donnellan et al., 2006).  

The process of identifying or misidentifying is associated with the visual identification and 

confirmation of the hunted animal (Bridges et al., 2018). Unfortunately, beyond anecdotal 

testimony post-incident, research examining potential disparities between what is ‘seen’ and 

what ‘exists’ in hunting has yet to produce evidence of the moment these disparities occur. 

Therefore, the current understanding is that failure-to-identify incidents are purely a product 

of psychophysiological arousal described as ‘buck fever’ – when the hunter gets over-excited, 

affecting their decision making and motor control (Green & Boyes, 2006). Accidents and 

mishaps occur every day when a resultant action does not appear to be congruent with the 

visual stimuli presented to the individual (Chang, Leclercq, Lockhart, & Halsam, 2016). As a 

result, testing for an association between accident proneness and the ability or inability to link 

visual perception with action relating to identifying a hunted animal may be warranted. Using 

an accident proneness questionnaire, Lambert, Sharma and Ryckman (2020) tested the 

association between accident vulnerability and vision on action. Participants completed a 

series of surveys assessing accident proneness, cognitive failures and falls efficacy, and then 

took part in a battery of physical performance, visual acuity, and vision for action tests. 

Lower performance on the tests was related to high scores of accident vulnerability. Thus, 

utilising the Accident Proneness Questionnaire developed by Lambert et al. (2020) against 

our own battery of hunting tests may produce a similar association. 
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5.2.2 Places 

Hunters must consider many factors beyond the simple act of pulling the trigger. Rugged 

terrain could result in retrieval of a shot animal becoming impossible. Time of day may result 

in the hunter being unable to get back to their hunt/tent/camp before nightfall. A pregnant 

animal is avoided to ensure population control. Finally, if buildings or other people are in the 

immediate vicinity, hunters may avoid shooting (Gale & Oliver, 2010). However, there may 

be other, lesser-known contexts that have the potential to influence hunters; for example, the 

pressure of social media, perceptions of the need to shoot quickly, and direct pressure to 

shoot from another member of the hunting party.  

Social media contains many hunter-friendly pages where hunters tell stories and impart 

knowledge to those new to the sport. However, during and just before the mating season, 

known as the rut or the roar, hunters use this time to take the opportunity to shoot stag, 

particularly those with a large and uniform set of antlers. As a result, social media pages 

become flooded with photos of hunters in specific locations and the large stag they have shot, 

which could potentially affect other hunters’ judgment by increasing their desire to shoot a 

better stag should they visit the same area. Social media pressure is well documented as an 

influencer of behaviour associated with risk perceptions of disease (Moon & Shim, 2019), 

voter turnout (Haenshen, 2016), and finding suspects of crime (Chapman, 2018). Similarly, 

direct peer pressure, often discussed at hunter club meetings, may place the hunter under 

pressure to shoot at a time when they would typically not do so; this has been addressed in 

publicly available educational videos (Shooting Cinema, 2016). Finally, hunters may find 

themselves in situations when a quick response to a sighted deer may be required. The 

activity of ‘snap shooting’ is discouraged by the hunting community regardless of the animal 
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being hunted (Hurteau, 1995), and snap shooting has been considered a causal factor in 

previous failure-to-identify shooting incidents (NZ Herald, 2003a). 

5.2.3 Hunting paraphernalia 

Hunting equipment is wide and varied, and to date, no research has been conducted on 

whether types of equipment can increase the potential to misidentify a target. The use of a 

rifle scope is considered unsafe, yet many hunters choose to use their rifle scope in the 

absence of binoculars. 

Many hunters state that no two hunts are the same and there are many interwoven ways that 

hunters can be successful. A quick hunt can result when a hunter spots a deer the moment 

they leave their car. Conversely, tracking and stalking a deer can take several hours or even 

days. However, this research focuses on the influencers of hunter performance that are not 

necessarily considered internal to the hunting task. Instead, an investigation is presented to 

ascertain if stimuli external to the hunter can cause hunters to shoot quickly, and to determine 

the potential impact of individual differences in responding to external pressure. 

5.3 Method 

We tested hunters using a laptop-based test of deer hunting in New Zealand. The experiment 

took place during a popular show and exhibition to obtain increased numbers of participation; 

the Sika Show held in Taupo, New Zealand. 

5.3.1 Participants 

We recruited 202 participants by approaching anyone who showed interest in our booth at the 

show. Details of the recruitment process are presented in Appendix D. Of these, 183 (90.6%) 
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were male and nine (8.9%) were female. Although participation skewed heavily towards male 

hunters, female hunters were slightly overrepresented based on the New Zealand hunter 

gender split (92% male; MSC, 2017). The average age was 42.9 years (range 17-76 years), 

with an average experience of 26.9 years (range 1-67 years), and average self-reported 

hunting frequency calculated at 46.4 times per year (range 1 – 364 times per year). 

Participants were entered into a draw to win a hunting-related prize (retail vouchers, hunting-

related equipment, freeze-dried food packages, DVDs, books, and a hunting jacket).   

The protocols used in this research were reviewed and approved by the University of 

Auckland Human Participants Ethics Committee, and all participants provided signed 

informed consent before their participation. 

5.3.2 Apparatus 

The research was conducted in a prefabricated booth at the Sika Show. The booth consisted 

of two zones; one for paperwork (consent and questionnaires) and debriefing, and the other 

for computer-based testing. 

Questionnaires. Participants completed the Accident Proneness Questionnaire (APQ; 

Lambert Sharma, & Ryckman, 2020), and the Mini-IPIP (Donnellan et al., 2006). In addition, 

based on hunter anecdotes, two questionnaires were developed and administered; one to 

assess fatigue and sleepiness (using a modified Karolinska Sleepiness Scale; Åkerstedt & 

Gillberg, 1990), and the other to assess previous eating and drinking habits.  

Computer-based testing. The computer-based testing was conducted using five Hewlett 

Packard HP450 laptop computers running custom testing software based on a cross-platform 
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game engine, Unity Technologies (San Francisco, United States). Each laptop computer was 

located within a separate partition within the booth to minimise participant distraction. 

5.3.3 Procedure  

The experimental procedure consisted of two phases: questionnaires and computer-based 

testing. 

Briefing and questionnaires: Participants were instructed about the nature of the experiment, 

provided and information sheet to read and take home, signed an informed consent and then 

completed the IPIP, APQ, and fatigue/sleepiness and food/liquid questionnaires. 

Computer-based testing: Participants were shown a series of four videos depicting stags in 

typical hunting situations. The participants were instructed (see appendix D for instructions) 

to watch each video as if they were hunting and had the deer in their rifle sights. The 

participants were asked to press the spacebar on the laptop the moment they would shoot the 

stag. There were four experimental conditions: (1) baseline, (2) reaction time, (3) direct peer 

pressure, and (4) social comparison. After two practice trials, each participant received the 

baseline condition first, followed by the reaction-time, peer-pressure, and social-comparison 

conditions (the condition order was counterbalanced across participants). Finally, a second 

baseline was collected at the end of the testing session. The computer-based test took 

approximately five minutes per participant. With each video, we recorded the time elapsed 

from the moment the video started until the participant pressed the spacebar. Reaction times 

during the reaction condition were also recorded. 

Baseline condition: We presented the baseline condition twice: once at the beginning of the 

experiment, immediately after the two practice trials; and again at the end of the experiment, 
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following the other three experimental conditions. Both presentations used the same video. 

However, the baseline videos consisted of a random selection from the four available videos 

in the experiment. Thus, every video had the opportunity to be the baseline or one of the three 

remaining experimental conditions. 

Reaction-time condition: At the beginning of this condition, we ‘primed’ reaction time by 

requiring participants to play a short game before the onset of the hunting video. This 

consisted of three trials in which they were asked to press the spacebar as quickly as possible 

after the onset of a fixation cross in the centre of the computer screen. Participants were given 

immediate feedback on their reaction times and encouraged to respond as fast as possible. 

When the hunting video was ready to commence, the instructions were presented on the 

screen stating, ‘All the stags are very twitchy this weekend. This is your one and only chance. 

You have them in your sights. Press SPACE the moment you would shoot the stag’.   

Peer pressure condition: In this condition, we evaluated the influence of peer pressure on the 

decision to shoot. The instructions in this condition were simple: ‘A deer is in your sights. 

Press SPACE the moment you would shoot the stag’. Two seconds into the video, a recorded 

voice whispered, “There he is! Shoot it now!” 

Social-comparison condition: At the beginning of this condition, we ‘primed’ social 

comparison by showing the participant five pictures of hunters posing with ‘prized’ stags that 

they had recently shot. After six seconds, the instructions for the hunting video appeared on 

the screen, ‘Now it is your turn! A stag is nearby; the first one you have seen all weekend. 

This is your one and only chance. Press SPACE the moment you would shoot the stag’. 
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We used a pool of four hunting videos for the experiment. The assignment of videos to the 

four conditions was counterbalanced across participants so that each video was used 

approximately the same number of times in each condition using similar methodology 

presented in Zeelenberg and Pecher (2015). 

5.4  Results 

5.4.1 Time to shoot 

As shown in Table 5.1 below, the time taken to shoot was longer for the social comparison 

condition compared with the baseline. However, the time taken to shoot was shorter in the 

reaction test and peer pressure conditions compared with the baseline.  

Table 5.1 Mean times to shoot for the baseline (the two baseline times averaged) and 

experimental conditions 

Measure: Time to shoot (seconds)   

Video Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Baseline 18.093 .574 16.960 19.225 

Social comparison 19.872 .647 18.597 21.147 

Reaction test 17.415 .723 15.990 18.841 

Peer pressure 16.149 .694 14.781 17.517 

 

Further analysis involved a one-way repeated measures ANOVA to determine whether there 

were statistically significant differences in time to shoot across video conditions. There were 

no outliers in the data, but the time to shoot data was not normally distributed for all levels of 

the independent variable (p<.001), as assessed by the Shapiro-Wilk’s test. The assumption of 
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sphericity was not violated, as assessed by Mauchley’s test of sphericity Χ2(5) = 4.66, p = 

.459. The time to shoot was statistically significantly different for the video test condition 

F(3,603)=7.407, p < .001, partial η2 = .04.   

The social comparison (M = 19.87 s, SD = 9.19 s) condition resulted in the slowest times to 

shoot, followed by the baseline (M = 18.09 s; SD = 8.16 s), reaction time (M = 17.42 s; SD = 

10.28 s), and peer pressure conditions (M = 16.14 s; SD = 9.86 s). Post hoc analysis with a 

Bonferroni adjustment revealed significant differences between the social comparison and 

peer pressure conditions (M = 3.72 s; 95% CI [1.64, 5.80], p < .001), and the social 

comparison and reaction time conditions (M = 2.46 seconds, 95% CI [.262, 4.65], p < .05). 

None of the pairwise comparisons involving the baseline condition were significant. 

Given that the times to shoot were not normally distributed, we also ran a non-parametric 

analysis, which produced slightly different results. A Friedman test concluded that times to 

shoot were significantly different depending on video stimuli, Χ2(3) = 13.60, p < .005. 

Pairwise comparisons were performed with a Bonferroni correction for multiple comparisons. 

Median times to shoot were significantly different between the peer pressure (Mdn = 

15.13secs) and social comparison (Mdn=21.33 s) conditions (p < .005). No other 

comparisons reached significance. 

Another one-way repeated measures ANOVA was conducted to determine whether there 

were significant differences in time to shoot between each of the videos used in the 

experiment. As can be seen in Table 5.2. 
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Table 5.2 Mean times to shoot for each video 

Video Mean (secs) Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

1 20.981 .553 19.891 22.072 

2 20.792 .512 19.783 21.801 

3 14.327 .664 13.019 15.636 

4 15.429 .773 13.905 16.953 

 

Mauchly’s test of sphericity indicated that the assumption of sphericity had been violated, 

χ2(5) = 48.028, p < .001. Epsilon (ε) was 0.85, as calculated according to Greenhouse and 

Geisser (1959), and was used to correct the one-way repeated measures ANOVA. Time to 

shoot was statistically significantly different across videos, F(2.550, 512.611) = 44.317, 

p < .001, partial η2 = .181.  

Data are mean ± standard deviation unless otherwise stated. There was a significant increase 

in time of 6.654 seconds between video 1 and video 3 (95% CI, 8.349 to 4.959), p < .001; 

5.552 seconds between video 1 and video 4 (95% CI, 3.427 to 7.677), p < .001; 6.464 

seconds between video 2 and video 3 (95% CI, 4.745 to 8.184), p < .001; and 5.363 seconds 

between video 2 and video 4 (95% CI, 3.144 to 7.581), p < .001. 

Given that the response times of videos 1 and 2 were similar, and the response times of 

videos 3 and 4 were similar, additional analysis was conducted to see if the experimental 

conditions still caused significant differences once these two groups of data were segregated.  
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Videos 1 and 2: There were no outliers in the data, as assessed by inspection of a boxplot. 

The time to shoot score was not normally distributed, as assessed by Shapiro-Wilk’s test 

(p < .05). Descriptive data is presented in Table 5.3 below. 

Table 5.3 Descriptive data for videos 1 and 2 

 

N Mean 

Std. 

Dev 

Std. 

Error 

95% Confidence 

Interval for Mean 

 

Min Max   

Lower 

Bound 

Upper 

Bound 

Baseline 94 21.32 5.79 0.60 20.13 22.50 6.58 30.61 

Social comparison 104 22.09 7.79 0.76 20.57 23.60 2.62 30.61 

Reaction test 104 20.75 8.34 0.82 19.13 22.38 1.90 30.61 

Peer pressure 102 19.40 7.79 0.77 17.87 20.93 3.38 30.61 

Total 404 20.89 7.56 0.38 20.15 21.63 1.90 30.61 

 

The assumption of homogeneity of variances was violated, as assessed by Levene’s test for 

equality of variances (p < .001). The time to shoot was not statistically significantly different 

between test conditions, Welch’s F(3, 221.658) = 2.221, p = .087. 

Videos 3 and 4: There were no outliers in the data, as assessed by inspection of a boxplot. 

The time to shoot score was not normally distributed, as assessed by Shapiro-Wilk’s test 

(p < .05). Descriptive data are presented in Table 5.4 below. 
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Table 5.4 Descriptive data for videos 3 and 4 

 

N  Mean  

Std. 

Dev. 

 

Std. 

Error  

95% Confidence 

Interval for Mean  

Min  Max    

Lower 

Bound 

Upper 

Bound 

Baseline 108 15.29 8.88 0.85 13.59 16.98 1.49 31.08 

Social comparison 98 17.52 9.99 1.01 15.52 19.52 0.12 31.08 

Reaction test 98 13.87 10.97 1.11 11.67 16.07 1.12 31.08 

Peer pressure 100 12.83 10.66 1.07 10.72 14.95 0.23 31.08 

Total 404 14.88 10.24 0.51 13.88 15.88 0.12 31.08 

 

The assumption of homogeneity of variances was violated, as assessed by Levene’s test for 

equality of variances (p < .001). The time to shoot was statistically significantly different 

between test conditions, Welch’s F(3, 219.656) = 3.814, p < .05. Games Howell post hoc 

analysis revealed that the times to shoot were statistically significant for social pressure 

producing a longer time to shoot compared to peer pressure (4.68, 95% CI (8.49 to .882), 

p = .009). 

We reviewed the way we analysed the data and decided to take another approach given that 

the type of video appeared to be an extraneous variable in the experiment. A one-way 

repeated measures ANOVA was conducted after treating the baseline time to shoot as a ‘true 

baseline’. We subtracted the baseline times from all other conditions to focus more on any 

impact of the instructions for each condition and less on the differences between videos. A 

visual inspection of a boxplot of the data produced no outliers. Time to shoot was normally 
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distributed at each time point, as assessed by Shapiro-Wilk’s test (p > .05). Mauchly’s test of 

sphericity indicated that the assumption of sphericity had not been violated, χ2(2) = .920, 

p = .631. Time to shoot was statistically significantly different across each video condition, 

F(2, 402) = 10.956, p < .001, partial η2 = .052. 

Post hoc analysis with a Bonferroni adjustment revealed that time to shoot was statistically 

significantly lower for social comparison than for reaction test (difference of 2.46 seconds 

[95% CI, 0.468 to 4.44], p = .01), and statistically significantly lower for social comparison 

than for peer pressure (difference of 3.72 seconds [95% CI, 1.838 to 5.608], p < .001). There 

was a statistically significant difference between means. Therefore, we can reject the null 

hypothesis and accept the alternative hypothesis. The difference between reaction test and 

peer pressure (1.26 seconds) was not statistically significant (95% CI, -.716 to 3.249), 

p = .374. A simple line chart showing estimated means is presented in Figure 5.5 below. 

 

Figure 5.5 Estimated marginal means 
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5.4.2 What were the participants looking at based on the average time to shoot during the 

peer pressure condition? 

We wanted to understand what the participants may have been looking at in the moment they 

decided to shoot. The average time for each video was analysed across all four conditions. 

The average time to shoot corresponded with the presence of deer in all but one video 

(video 4). 

The video slides in Figures 5.6 to Figure 5.10 below show what the participant would have 

seen at the most likely moments in time when they would have shot – as the deer first enters 

or exits the view. However, comparing the times with average times presented in Table 5.2 

suggests some discrepancy. 

 

Figure 5.6 Video 1 at 21 seconds showing three stags  
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Figure 5.7 Video 2 at 21 seconds showing two stags  

 

 

Figure 5.8 Video 3 at 12 seconds showing a stag arriving 
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Figure 5.9 Video 3 at 14.3 seconds showing the stag as it begins moving away 

 

 

Figure 5.10 Video 4 at 20 seconds showing a stag first appearing – five seconds after the 

mean shooting time 



162 

 

5.4.3 Further analysis of video four 

The average time for participants shooting video 4 was 15.429, whereas the stag does not 

appear until 20 seconds have elapsed. Further investigation into video 4, indicated the reason 

may be due to an initial presentation of a deer albeit a hind (see Figure 5.11 below) appearing 

for the first 9 seconds. The reason for the reduced average time is due to 80 participants 

across all conditions discharged their firearm within the first nine seconds of the video.  

 

 

Figure 5.11 Video 4 showing a female (hind) present for the first nine seconds 

The histograms presented in Figure 5.12 to Figure 5.15 below show the number of 

participants who discharged their firearm for the various response times for each of the four 

conditions in video 4.  
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Figure 5.12 Number of participants for each response time when video 4 used as the baseline 

 

 

Figure 5.13 Number of participants for each response time when video 4 used as the social 

comparison condition 
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Figure 5.14 Number of participants for each response time when video 4 used as the reaction 

test condition 

 

Figure 5.15 Number of participants for each response time when video 4 used as the peer 

pressure condition 
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When comparing the ratio of shots before nine seconds to the number of test cases for each 

stimulus for video 4, the peer pressure condition commands the highest likelihood of not 

following the instructions and shooting the hind, followed by the reaction test condition, as 

shown in 

Table 5.5. This shows that participants have a 56% chance of shooting the hind when the 

verbal prompt begins (at 2secs while the hind is in full view), “There he is! Shoot it now!” 

Table 5.5 Probability of shooting before a stag appears in video 4 for each test condition 

 

Condition 

Number of times to 

shoot <9secs (a) 

Total number 

of cases (b) 

Likelihood of shooting 

<9secs into video (a/b) 

Baseline 16 54 0.29 

Social comparison 11 49 0.22 

Reaction test 25 49 0.51 

Peer pressure 28 50 0.56 

Totals 80 202  

 

Binomial logistic regression was conducted on the data from those participants who shot 

prematurely in video 4 used as the peer pressure video, and the full range of individual 

differences were assessed, including reaction test times (Table 5.6). Twenty-eight participants 

shot prematurely, 19 did not, and three cases were missing. The linearity of the continuous 

variables concerning the logit of the dependent variable was assessed via the Box-Tidwell 

procedure (Box & Tidwell, 1962). A Bonferroni correction was applied using all terms in the 

model, resulting in statistical significance being accepted when p < .00625 (Tabachnick & 

Fidell, 2014). Based on this assessment, all continuous independent variables were found to 
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be linearly related to the logit of the dependent variable, with the lowest being p = .092. No 

standardised residual exceeded 2.5 standard deviations, and thus, all data were kept in the 

analysis. The area under the ROC curve was .294 (95% CI, .126 to .463), which indicates no 

discrimination according to Hosmer et al. (2013). Binomial logistic regression was performed 

to ascertain the effects of individual differences on the likelihood of shooting prematurely in 

video 4 when subjected to the peer pressure condition. The results of the logistic regression 

model were not significant, χ2(10) = 6.486, p = .773.  

Table 5.6 Logistic regression analysis for individual differences on premature shooting 

 B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 
Lower Upper 

Step 1a IPIP – total score .109 .296 .135 1 .713 1.115 .625 1.989 

IPIP – extraversion  -.317 .432 .537 1 .464 .728 .312 1.700 

IPIP – Agreeableness  -.001 .380 .000 1 .998 .999 .474 2.106 

IPIP – Conscientiousness  -.281 .413 .461 1 .497 .755 .336 1.698 

IPIP – Neuroticism  -.272 .374 .527 1 .468 .762 .366 1.587 

Sleepiness -.424 .353 1.446 1 .229 .654 .328 1.306 

Physical fatigue .471 .355 1.760 1 .185 1.602 .799 3.214 

Mental fatigue -.070 .296 .056 1 .813 .933 .522 1.664 

APQ .045 .059 .595 1 .441 1.046 .932 1.175 

Reaction times average .031 .085 .132 1 .716 1.031 .873 1.218 

Constant 1.011 3.570 .080 1 .777 2.749   

a. Variable(s) entered on step 1: IPIP_total, IPIP_extraversion, IPIP_Agreeableness, IPIP_Conscientiousness, 

IPIP_Neuroticism, Sleepiness, Physical_fatigue, Mental_fatigue, APQ, Reaction_test_average. 
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5.4.4 Individual differences analysis 

Multiple linear regression was conducted to determine whether individual variables were 

predictive of time to shoot for each experimental condition. Variables included age, sex, 

years of hunting, frequency of hunting, fatigue, personality, and accident proneness. 

Results showed that none of the individual variables were predictive of time to shoot in any 

of the conditions: 

• Baseline - R2 for the overall model was 7.1% with an adjusted R2 of -.05%. As a 

result, neither age, sex, years of hunting, frequency of hunting, fatigue, personality, 

nor accident proneness were able to predict time to shoot in the baseline video, 

F(13,160)=.937, p = .516 

• Social comparison - R2 for the overall model was 7.7% with an adjusted R2 of .2%. As 

a result, neither age, sex, years of hunting, frequency of hunting, fatigue, personality, 

nor accident proneness were able to predict time to shoot in the peer pressure video, 

F(13,160)=1.02 p = .432 

• Reaction test - R2 for the overall model was 4.8% with an adjusted R2 of -.2% As a 

result, neither age, sex, years of hunting, frequency of hunting, fatigue, personality, 

nor accident proneness were able to predict time to shoot in the reaction test video, 

F(13,160)=.616 p = .839 

• Peer pressure - R2 for the overall model was 5.7% with an adjusted R2 of -.2%. As a 

result, neither age, sex, years of hunting, frequency of hunting, fatigue, personality, 

nor accident proneness were able to predict time to shoot in the peer pressure video, 

F(13,160)=.747 p = .715 
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A Spearman’s test was conducted to determine if there were any correlations between 

average time to shoot, the three reaction time tests (not including the video that followed), 

and peer pressure time to shoot. Data were shown to be non-monotonic, and there no 

statistically significant correlation was detected rs(200) = -.21, p = .767.  

5.5 Discussion 

This research investigated decision making during a hunting paradigm and was designed to 

identify whether context influences recognition and the time the hunter takes to shoot. We 

examined common causal factors for failure-to-identify hunting incidents and near misses 

that hunters have verbalised through hunting club meets: the need to respond quickly to deer, 

the pressure of social media, and the enthusiastic hunting party member encouraging the 

hunter to shoot. We conducted a computer-based test to identify how scenarios affected the 

response of a hunter, and our analysis focused on time to shoot and potential associations 

with individual differences. 

We investigated social comparison, reaction, and peer pressure. The social comparison 

condition resulted in hunters taking a longer time compared to the baseline before deciding to 

shoot. In contrast, the peer pressure and reaction conditions appeared to cause the hunter to 

shoot sooner. Social comparison has been researched considerably over the past 60 years, and 

findings of studies into how individuals compare themselves upward or downward based on 

context and cues appear to be consistent (Gerber, Wheeler, & Suls, 2018). For example, in 

order to improve their self-worth, people are likely to associate with people who they 

consider to be better than themselves (Collins, 2000). It is possible that the viewing of the 

pictures of hunters with a prized stag caused the participants to focus on trying to shoot a 

similar or better stag. However, the stag in the video may not have been judged to be as good 
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as the one presented in the pictures before the test trial. Therefore, the participant’s delay in 

shooting may have been due to waiting for a better stag to appear or making sure their shot 

would be the best one they could take. This idea is supported by the Selective Accessibility 

Model whereby a person makes a judgment regarding the similarity or dissimilarity between 

a target (the stag in the video) and a comparison object (the pre-test imagery) (Mussweiler, 

2003). 

Conversely, peer pressure produced a faster time, significantly faster than social comparison 

but not significantly faster than the reaction test. Discussions held in hunting clubs highlight 

the pressure felt by hunters to shoot sooner than they would usually shoot if they were alone, 

with many hunters voicing their discomfort at being under such pressure. In the experiment, 

participants shot the wrong animal when under pressure. Similar behavioural degradation has 

been found in risk-taking associated with driver speed in adolescents (Gheorghiu, Delhomme, 

& Felonneau, 2015), drug use and other reckless behaviours in younger adults (Bradley & 

Wildman, 2002), and pressure to consume alcohol in older adults (Emslie, Hunt, & Lyons, 

2012).  

Hunting safety organisations advise how easy it is, when under pressure from another 

individual, to shoot prematurely with minimal information regarding what the animal is or 

whether it is indeed an animal and not human (Shooting Cinema, 2016). However, the 

question remains as to the whether a hunter can differentiate between cooperation and 

unnecessary peer pressure. For example, the seemingly generous act of spotting a deer first 

and pointing it out to the hunter could be misconstrued as belittling the hunter’s ability to spot 

a deer themselves. How this might affect their behaviour and decision to shoot based on the 

information available to them is unclear.  



170 

 

Some videos in this study caused hunters to respond quicker than in other videos. In video 3, 

the deer appeared almost immediately. In contrast, it was six seconds into video 1 before a 

deer appeared. Four seconds into video 2, a goat appeared followed by a deer 11 seconds 

later. However, the video of interest was video 4, given the larger number of hunters who 

shot at the hind even though the verbal and video instructions stated to shoot only a stag. The 

female deer in video 4 presented itself in a side-on manner which would enable a hunter to 

take a shot at the area that ensures the quick death of the animal; above its front legs in the 

heart and lung region. It is possible that the temptation to take this shot was too strong for 

many participants due to their knowledge to aim for this area of the animal. However, the 

most significant results were seen in the peer pressure condition of video 4, which suggests 

that direct pressure not only affects decision making but potentially memory (of the 

instructions) and target recognition as well.   

We were unable to find any association between individual differences and performance, 

which could be attributable to the tools we used. However, our findings support previous 

research conducted into individual differences with failure-to-identify behavious (see 

Chapters 3 and 4). 

Our research became challenged by a variety of variables which we believe impacted the 

data. The most notable was the video material that we used, with different videos providing 

considerably different times. However, further analysis produced a main effect of condition, 

although the power of those findings was compromised.  

The computer-based testing was conducted inside the booth which was relatively narrow. 

Thus, we were unable to fully utilise the space without the risk of one participant distracting 
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another as they sat down for their experiment or got up to leave afterwards. There was also 

the potential for cognitive distraction because participants who took part in the experiment 

were initially there to see other booths at the show and so may have been thinking about other 

parts of the show. The booth was closed off so that participants could not see what was going 

on outside, but the booth was not soundproofed. As a result, the ambient noise of the show 

could be heard. We combatted this by providing all participants with a headset so that they 

could listen to the experimental videos and block out some of the ambient noise.  

We were also aware that not everyone is entirely comfortable with using a desktop computer 

or using a laptop. As a result, we kept the computer-based testing as simple as possible by 

instructing participants to use the space bar (pointing out which key is the space bar). 

However, we cannot altogether rule out the possibility that the uniqueness of the situation and 

device could have impacted their performance.  

We recommend that, should this experiment be replicated, the videos are controlled so that 

the target animal emerges at the same time in each video. We also recommend that further 

research is conducted into the impacts of a distractor (a different animal or different sex) 

given that this appeared to cause hunters to shoot prematurely in this experiment.  

The results of the experiment demonstrated that distractor elements could influence hunters 

given the right context. There was no evidence to support the hypothesis that individual 

differences are contributing factors. As a result, we believe this research supports the need to 

increase hunters’ awareness of how easy it is to get distracted or influenced to forget some of 

the basic principles of safe hunting and decision making relating to the correct identification 

of their quarry. Further research should focus on understanding context and how the hunter’s 
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behaviour can change so that additional safety messages and insights are developed for the 

hunting community.  
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Chapter 6  
Are failure-to-identify hunting 
incidents generational? A deeper 
dive into A Hunter’s Tale by the 
New Zealand Mountain Safety 
Council  
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6.1 Rationale 

The findings of the previous experiment helped me to understand some of the potential causal 

factors for failure-to-identify incidents. Of concern was the significant reduction in time to 

shoot for participants subjected to direct peer pressure or because of taking part in a short 

reaction test before their test trial. The peer pressure test was designed to model the peer 

pressure a hunter might experience when they are hunting with others. The reaction test 

condition was designed to simulate the need, on occasions, for a hunter to react quickly and 

how that affects their performance. I have experienced both conditions during real hunting 

excursions.  

Concerning the latter, when there is an increased level of wind velocity, the deer can become 

more reactive due to being able to smell an approaching hunter. Hunters are aware of this and 

so learn to approach deer downwind. However, if a hunter is hunting in hilly terrain, the wind 

can curl around and over hills, carrying the scent of the hunter much farther. Therefore, many 

deer can detect the smell of the hunter regardless of the direction from which they approach. 

The moment a deer notices the slightest smell, it will leave the area, making it very difficult 

for the hunter to get close enough to shoot.  

During my first hunt, we had similar windy conditions, and I remember hearing, on multiple 

occasions, deer rapidly leaving areas that we had not approached even though we were 

moving silently and slowly. My guide was the person educating me about this phenomenon. 

This experience, together with multiple anecdotal reports I heard from hunters regarding the 

over-eagerness of many hunters to shoot when they should take things slowly and quietly, 

was the foundation for including the reaction test condition in my experiment.  
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I have also experienced peer pressure, causing me to shoot the wrong animal. I was invited to 

attend a guided hunt on private land. There was a large group of us, many of whom were 

unknown to me. We went off in groups of three; two hunters and a guide. The rest remained 

at base camp to wait their turn. When it was my turn, I asked to take ‘point’ first (take the 

lead and have the rifle ready, with everyone behind having their firearm unloaded). We 

quickly picked up a mob of deer who slowly headed into some woods, and we followed 

slowly. The woodland consisted of small undulating hills with pathways occasionally strewn 

around and some light bush. The mob would head over a small hillock until we came over the 

hillock and then they would run over the next. The process became frustrating, and I was 

advised that I needed to be quicker and ready to shoot faster. I also found my counterpart 

hunter kept moving ahead of me, which became frustrating and somewhat dangerous. My 

Hunts training (Hunts Course; New Zealand Deerstalkers Association, 2020) included the 

need for the lead hunter to be 10-20 metres ahead, with the other hunters following with 

unloaded rifles regardless of the lead hunter’s pace. Due to sauntering and being guided, my 

counterpart caught up with me repeatedly. I felt under pressure, and this became apparent 

when a small mob slowly passed in front of us and still, I did not shoot because they were 

moving. I just did not have the confidence to take a shot in this situation. Finally, we 

approached a medium-sized hill, and my guide suggested I go over alone, which I did. When 

I reached the top, down below was a deer. I beckoned to my group to stay still. I then lined up 

and pulled the trigger. To my horror, when I went down the hill, I discovered I had shot and 

killed a fawn. I was appalled at myself; I could not reason why I was unable to detect the 

difference (an adult and a fawn look very different), and I felt like such an idiot. I must add 

that irrespective of the pressure I felt, I do wholeheartedly accept full responsibility for my 

actions. 
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Even if my group had been screaming at me to shoot, which they did not, it was my decision 

alone to pull the trigger. However, these situations and the multiple discussions I had with 

many members of the hunting community made me realise just how easily this type of 

situation can occur. As a result, the conclusion I was drawing, based on the data of previous 

research and indeed my own actions, was that no-one is immune from failing to identify their 

target.  

However, many hunting organisations believe age and experience are potential causes of 

failure-to-identify incidents. The Mountain Safety Council (2016a) cites ‘complacency’ as a 

causal factor in these incidents. The MSC (2017) compiled and published A Hunter’s Tale: A 

deep dive into hunting incidents in New Zealand. The publication was the first seemingly 

robust presentation of hunting incident data and professionally presented for anyone to 

understand. In my opinion, they had made the incident data accessible to all for the first time. 

However, I grew concerned when I reached page 46, where they questioned whether failure-

to-identify incidents were a ‘generational thing’. This concern was qualified when I read 

quotes such as, “It is the older guys that are the problem” on social media, and considered the 

potential for the sensation-seeking of the younger generations to have been given additional 

conviction to continue in their ways. Therefore, I decided to look at this data in more detail 

and perform some analysis of my own to assess whether failure-to-identify incidents are 

associated with age.  

6.2 Introduction 

In 2017, the New Zealand Mountain Safety Council (MSC) publicly released a report that 

they had spent considerable time and effort compiling titled, ‘A Hunter’s Tale: A deep dive 

into hunting incidents in New Zealand’. The document is visually pleasing and makes the 
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information concerning hunting-related incidents and accidents more accessible to the public. 

The report was supported by effective public relations and social media campaigns, and 

ministerial endorsement.  

The report provides considerable detail of the people who take part in hunting, where they 

live, their gender and age group, details of international visitors, and the time of year they 

hunt. This information should prove extremely helpful for hunting businesses to target 

specific consumer groups at the right times of the year. The report then discusses incidents, 

detailing the locations in which they occur, and incident rates based on types of hunting 

(deer, pig, duck, rabbit). The report then details the types of injuries and the total cost 

implications of injury claims to the New Zealand Accident Compensation Corporation 

(ACC). A ‘deeper dive’ into the statistics provides visual information about fatalities, the 

location in which they occurred, time of year, and how the fatalities occurred.  

The Hunter’s Tale report undoubtedly offers essential insights into hunting safety in New 

Zealand. However, closer scrutiny of the document suggests that the report’s conclusions 

about failure-to-identify hunting incidents (termed ‘misidentifications’ in the MSC report) are 

based on incomplete data and may be misleading. A failure-to-identify incident refers to a 

hunting accident in which a ‘victim [has] sustained a gunshot wound as the result of another 

person mistaking them for game’ (MSC 2017, p.55). The authors of the MSC report noted 

that 64 incidents of this type had occurred between January 1979 and June 2016. In shootings 

that occurred in daylight and where the age of the shooter was known, MSC noted that the 

average age of shooters tended to increase over time. The report suggests that failure-to-

identify incidents may be ‘a generational thing’, with hunters born between 1950 and 1969 

being particularly susceptible (MSC 2017, p46) due to making up 75% of the shooters in 
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failure-to-identify hunting incidents. The support for this suggestion is based on a scatterplot 

showing the ages of shooters in the years the incidents occurred. We have re-plotted this as  

Figure 6.1 below. The Hunter’s Tale report highlights the linear trend. Although this is not 

discussed in the report, the plot also reveals a cluster of failure-to-identify incidents between 

1979 and 1984 (21 incidents in six years), with a reduced but steady rate over the remaining 

32 years of the study period (30 incidents in 32 years).  

 

Figure 6.1 Scatterplot of initial dataset showing the ages of shooters as a function of year for 

the 51 failure-to-identify incidents analysed in the Hunter's Tale report with added linear 

trendline 

The Mountain Safety Council’s generational suggestion is provide without commentary or 

further investigation, but the implication is clear. The generation of hunters born in the 1950s 

and 1960s, now aged between 60 and 70 years old, is responsible for most failure-to-identify 

incidents. We had concerns about several aspects of the analysis of failure-to-identify 
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incidents, and the way it is presented in the Hunter’s Tale report. Perhaps the most significant 

concern is the likelihood that the suggestion of a generational effect may be misinterpreted, 

or overinterpreted, by readers of the report. The implication that hunters born in the 1950s 

and 1960s are more prone to failure-to-identify incidents could stigmatise older hunters and 

create a false sense of security amongst (and about) hunters born outside that generation.   

When the Hunter’s Tale report was released amid considerable public, governmental and 

social media fanfare, there was heightened awareness around failure-to-identify incidents 

within the hunting community. One year prior, in April 2016, a soldier was shot dead by an 

elderly hunter who had mistaken him for a deer (NZ Herald, 2016). The media coverage was 

extensive, and the incident resulted in a call for eyesight testing as an integral part of the 

firearms-licensing process (Harper, 2016). A year earlier, a 61-year-old father had shot and 

killed his son in a hunting accident (NZ Herald, 13 October 2015). Therefore, the implication 

regarding age in the Hunter’s Tale appeared justified and was supported by another 

publication by MSC (2016a, pp. 8-9) suggesting that complacency can creep in with 

experience.  

If the ‘generational effect’ suggested in the report is correct, then concerns about the safety of 

hunters or their hunting partners born in the two decades from 1950 is justified. However, we 

also had some statistical concerns about the reliability and interpretation of the age data. As 

noted above, a large cluster of incidents occurred in the early part of the sample in the late 

1970s and early 1980s, and there is more apparent variance around the regression line after 

the turn of the millennium. These observations raise the possibility of a heteroscedastic 

distribution of data, which in turn calls into question the validity of the linear regression that 

forms the basis of the generational effect (Ullah & Imdadullah, 2011). 
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Finally, we noticed that some incidents were missing from the scatterplot and we were 

concerned that the age of the shooters in the missing data may fall below the trendline, which 

would challenge the generational hypothesis. By consulting with hunting subject matter 

experts who had also been involved in incident data collection in previous years, and with the 

addition of recent failure-to-identify incident data, we were able to identify a further 27 cases 

that had not been included in the MSC’s analysis. Twenty-five of these were missing from 

the 1979-2016 date range presented in the Hunter’s Tale report, and a further two incidents 

had occurred since the publication of the report. We added these to the data pool to provide a 

complete picture. 

As a result of our concerns and the discovery of additional cases, we decided to explore the 

relationship between shooter age and time in more detail, making use of the entire dataset. 

Therefore, our research questions were: 

• Is it true that most of the failure-to-identify incidents are perpetuated by the same 

generation, even once we add in the missing cases?   

• If so, how should we explain the ‘generational effect’ to the hunting community in a 

way that will ensure understanding? 

• Can we learn anything else from the dataset? 

6.3 Re-analysis of the Hunter’s Tale data 

Mountain Safety Council were unwilling to provide the original dataset. However, we were 

able to extract the age and year data from the plot in the Hunter’s Tale report for re-analysis. 

The initial report suggested a linear relationship between time and age-of-shooter, and hence 

a generational effect. However, it did not contain any statistical analysis or indication 
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whether the linear relationship was statistically reliable. In our initial research, we sought to 

improve the MSC report by conducting a linear regression. 

Data extraction was achieved using the WebPlotDigitizer (Ankit Rohatgi, San Francisco, 

USA), a free to use online tool to extract data from charts. The result was 51 data points 

representing the age of the shooter and the year of the incident. 

We became aware of an incident in 2010 that was missing from the original scatterplot. We 

then conducted a closer review of the data pool and sent requests to three hunting and 

firearms safety experts known to have gathered similar data over the years. We reviewed the 

four sources of data and found an additional 25 failure-to-identify incidents. These were 

added to the dataset. During the time spent gathering the data, two further incidents occurred 

in 2018, and these were also added to the dataset, and the data were re-analysed. The findings 

of the analysis for the initial dataset of 51 shooters is detailed below, followed by the analysis 

of the final dataset for 78 shooters. 

6.3.1 Initial data analyses 

The original scatterplot provided 51 data points and showed that most shooters were born 

during a specific decade. We plotted the shooter’s birth decade resulting in the chart 

presented below in Figure 6.2 indicating that most failure-to-identify incidents occurred with 

individuals born between 1950 and 1959. 



183 

 

 

Figure 6.2 Decade of birth for each shooter from the original dataset 

We conducted a linear regression analysis on the association of the year of incident and the 

age of the shooter. Linearity was established by visual inspection of a scatterplot. 

There was independence of residuals, as assessed by a Durbin-Watson statistic of 2.136. 

There was homoscedasticity, as assessed by visual inspection of a plot of standardised 

residuals versus standardised predicted values. Residuals were normally distributed as 

assessed by visual inspection of a normal probability plot. Year of incident accounted for 

44.5% of the variation in age of shooter with adjusted R2 = 43.3%, a medium-sized effect 

according to Cohen (1988). Year of incident predicted age of shooter, F(1,49) = 39.24, p < 

.001 
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We analysed the data using a Pearson’s Product Moment Correlation to examine whether the 

MSC’s question, ‘Is this a generational thing?’ has any validity. No variables were normally 

distributed as assessed by Shapiro-Wilk’s test; age, p < .001; year, p < .001. The decision was 

made to continue with a Pearson’s test initially. There was a strong positive correlation 

between year of incident and age of shooter, r = .667. The year of the incident statistically 

explained 44% of the variability in age of the shooter. The correlation was statistically 

significant, r(51)= .667, p < .001.  

We repeated the test with a Spearman’s correlation based on the non-normal distribution of 

age of shooter and year of incident. A medium positive correlation was detected, which was 

found to be statistically significant rs = .558, p < .001. 

6.3.2 Inclusion of missing data analyses 

The missing 27 incidents were then added to the original dataset of 51 incidents and the total 

dataset (78 incidents) is presented in a scatterplot in Figure 6.3 below. Some incidents (n=4), 

while having different coronial numbers, had some shooters of the same age during the same 

year. Hence two or more separate incidents may have only one data point in the scatterplot 

below. 
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Figure 6.3 Scatterplot showing Mountain Safety Council incident records (blue), alongside 

the missing incidents (orange) 

A linear regression was conducted on the association of the year of incident and the age of 

the shooter. Linearity was established by visual inspection of a scatterplot. There was 

independence of residuals, as assessed by a Durbin-Watson statistic of 1.843. There was 

homoscedasticity, as assessed by visual inspection of a plot of standardised residuals versus 

standardised predicted values. Residuals were normally distributed as assessed by visual 

inspection of a normal probability plot. Year of incident accounted for 34.8% of the variation 

in age of shooter with adjusted R2 = 33.9%, a medium-sized effect according to Cohen 

(1988). Year of incident predicted age of shooter, F(1,76) = 40.574, p < 0.001. 
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We analysed the data using a Pearson’s Product Moment Correlation to examine whether the 

MSC’s question, ‘Is this a generational thing?’ has any validity. No variables were normally 

distributed as assessed by Shapiro-Wilk’s test; age, p = .005; year, p < .001. The decision was 

made to initially continue with the Pearson’s test. There was a strong positive correlation 

between year of incident and age of shooter, r = .590. The year of the incident statistically 

explained 35% of the variability in age of the shooter. The correlation was statistically 

significant, r(76)= .590, p < .001. 

We repeated the analysis using a Spearman’s correlation based on the non-normal 

distribution of age of shooter and year of incident. A moderate positive correlation was 

detected between year of incident and age of shooter which was statistically significant, 

rs(76)= .466, p < .001. 

6.4 Discussion 

This research investigated the validity of the Mountain Safety Council’s suggestion that 

failure-to-identify incidents are generational. We extracted the incident data from the publicly 

available scatterplot (MSC, 2017) and conducted a range of correlation and linear 

regressions. We investigated whether the statistics remained consistent with the addition of 

missing data and more recent incidents. The statistical data suggest that there is a relationship 

between age of shooter and year of incident. However, unless the incidents eventually reduce 

to zero, the linear relationship between age of shooter and year of shooting will cease. The 

results of the analysis predict that the correlation between failure-to-identify incidents and 

age will become insignificant due to the natural attrition of hunters born in the latter half of 

the 1950s; this would occur within the next 10-15 years based on average life expectancy in 

New Zealand (Human Development Report, 2019). 
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Based on the analyses, we conclude that the Mountain Safety Council were correct in their 

review of their scatterplot. The relationship is linear up to 2017. However, the incident 

numbers appear to reduce in the mid-1980s, likely due to the implementation of the 1983 

Arms Act. The question remains whether the MSC were correct in making their assertion and 

suggesting that failure-to-identify hunting incidents are generational. It is difficult to not 

make that assumption based on the linear nature of the scatterplot. However, we believe it 

would have been beneficial to conduct more research and analysis into the impacts of 

communications before publication. 

An unforeseen impact of the publication is that younger generations are marginalising older 

hunters on social media irrespective of their experience and attitude to firearms safety. This is 

despite research showing that younger generations are known to make riskier decisions and 

carry out riskier behaviours (Scott-Parker, Watson, King, & Hyde, 2014), especially when 

compared to older groups (Alon, Shitrit, & Chowers, 2010).  

Although there were no apparent analyses to qualify Mountain Safety Council’s assertion, 

many would believe it to be fact. In an era of fake news, there has been much attention on 

what makes news stories believable. While the internet is considered by many to be 

increasingly unreliable, ironically, more people appear to believe what they read than ever 

before (Moravec, Minas, & Dennis, 2019) 

Even when a news article has been flagged as fake which results in increased cognitive 

activity compared with factual news, those fake stories are still believed. Moravec et al. 

(2019) conducted a behavioural experiment and acquired EEG data to understand when fake 
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news was detected. Analysis showed that even with a ‘fake news’ flag judgments of truth 

were unaffected.  

When the Hunter’s Tale report was released, we were in the initial stages of researching the 

causes of failure-to-identify incidents and with limited empirical research having been 

previously conducted in this field, the potential area of causation of these incidents resided 

with the contents of Wilson and Bridges (2015) focusing on cognitive bias. Cognitive bias 

refers to an error in thinking resulting in preconceived ideas, habits, perceptions, and opinions 

that may be somewhat different from reality. The review also referred to optimism bias, a 

sense of personal invulnerability in the face of the heightened risk of making a mistake. The 

concern we had was that the message communicated by the Hunter’s Tale inadvertently 

reinforced optimism bias in the younger hunting community. Optimism bias has been well 

researched and has the potential to be beneficial for team leadership from an economic point 

of view (Wang, Zhuang, Yang, & Sheng, 2014), but detrimental to risk appraisal relating to 

substance use in early adulthood (Lapsley & Hill, 2010), and music piracy (Nandedkar & 

Midha, 2012). The Mountain Safety Council’s (2017) assertion that there is a generational 

element to failure-to-identify hunting incidents may strengthen the optimism bias and self-

confidence of younger hunters, and at the same time marginalise the older hunting 

community.  

One highly publicised event that is missing from the original data in the Hunter’s Tale is the 

shooting of Rosemary Ives by Andrew Mears (age 25 at the time) in 2010. The shooter broke 

many laws and was subsequently convicted of manslaughter. The incident occurred at night 

when the offender was hunting on land without permission. However, finding this incident 

missing, together with 27 other missing incidents, was a significant cause for concern.  
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We believe our analysis has some limitations. We were inclusive of our data pool; if we 

found two incidents of the same month in the same year but the age was different by one 

year, these were not assumed to be a clerical error and were counted as two separate 

incidents. One event that occurred in 2018 had no publicly available information regarding 

the shooter’s age. However, anecdotal information (by speaking to someone known to the 

shooter and victim) confirmed that the shooter was in their 50s, which was recorded as 55 

years of age. 

Overall, we argue that the findings of this study support one aspect of the Mountain Safety 

Council’s assertion; most hunters perpetrating these incidents are from one generation. One 

possible explanation is that the hunters born between 1950 and 1964 would have been aged 

21-35 when the firearms and licensing laws were changed in 1985. They would have been the 

most at-risk cohort at that time, especially if the risky decision making (by today’s standards) 

of younger generations was prevalent, and they may have been more resistant to the revised 

safety requirements of the new regulations. That is, perhaps their experience as hunters led 

them to become ‘set in their ways’, but they were young enough to be reckless.   

However, it is vital to note that these data, by themselves, provide limited information about 

the relative risk of hunting with hunters of different age cohorts. A possible implication of the 

MSC report is that hunters born in the 1950-9 range are more at-risk than other age groups of 

failure-to-identify incidents. However, inferences cannot be made from this data without 

information about the rates of participation for each generation; data that is not available. It is 

possible that hunting was highly popular with the 1950-64 generation, and that the rate of 

incidents is simply a reflection of participation (more hunters leads to more incidents). 

Without accurate data of hunting numbers, and indeed the age of the hunter, on both private 
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and public land, it is impossible to know for certain. Therefore, the higher number of 

incidents perpetrated by members of this generation does not imply that this generation’s 

hunting behaviours are riskier.   

If it were possible to identify an at-risk age, this would not determine the cause of failure-to-

identify incidents. Thus, we have no way of knowing whether another prone generation may 

appear or how to intervene if it does. In addition, not all incidents are caused by members of 

this generation, so understanding and preventing incidents remains as vital as ever.   

The apparent generational effect highlighted by the data in this study may be simply a 

statistical anomaly resulting from a small dataset. In addition, the data analysed were from 

one country and therefore may not be representative of other countries and cultures. For this 

reason, we recommend that a similar analysis is conducted in other countries where the sport 

of hunting is popular to ascertain whether there is a high-risk age for failure-to-identify 

incidents, regardless of cultural differences in hunting and firearms law.  
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Chapter 7  
Revisiting the Initial Hunting FRAM 
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7.1 Rationale 

In this thesis, many potential contributing factors of failure-to-identify hunting incidents are 

investigated. The research has enabled me to discuss the issue with hundreds of hunters 

spread across the country at hunting shows, on social media, New Zealand deerstalker 

groups, safety organisations worldwide, retailers, wholesalers, and government agencies. I 

have also made multiple appearances on TV and radio discussing the issue, which gives me 

confidence that this is a phenomenon that generates considerable interest. Many stories, 

including my own, show just how powerful the mind can be to enable or disable the hunter’s 

decision making concerning when or whether to shoot based on the information presented to 

them. 

This research has examined different aspects of causation including context, physiology, 

psychology, perception, and personality. Soon after completing and publishing the hunting 

FRAM outlined in Chapter 2, I became aware that it lacked functions that could be potential 

sources for endogenous and exogenous variability that could, in turn, create resonance 

throughout the map. Endogenous variability refers to the psychophysiological aspects that 

may influence the hunter to perform adequately. Exogenous variability refers to contextual 

issues that had not been discussed or known at the time of the hunting FRAM’s creation. 

Therefore, I needed to revisit the hunting FRAM to determine whether further calibration of 

the model was required. This chapter presents this final piece of research, after which the 

implications of the thesis are discussed in Chapter 8. 
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7.2 Introduction 

In 2018, Bridges et al. published the Hunting FRAM. A FRAM (Functional Resonance 

Analysis Method) is a methodology enabling the modelling of complex systems and 

activities. Primarily, FRAM is a tool used to produce a map of what is needed for optimal 

everyday performance (Hollnagel, 2012). Detailing the work ‘as done’ allows the 

presentation of a prescriptive model (Baron, 1994), subject to continuous improvement, and 

providing a deeper understanding of the potential results of minor variability in actions or 

contexts, an approach not entirely dissimilar to the domino effect. However, the FRAM is 

much more sensitive due to the detail it provides regarding how a minor change in one step 

can resonate with downstream actions and thereby result in a negative outcome or incident. 

The Hunting FRAM was published in 2018 was developed in 2016 and helped raise 

awareness regarding the complexity of hunting, which at the time was significantly under-

researched worldwide. We conducted the research to understand the phenomenon of failure-

to-identify hunting incidents, whereby hunters believe that they are targeting and shooting a 

deer, only to discover that they have shot a human. Rule 4 of the Arms Code (New Zealand 

Police, 2013) includes the need for a hunter to identify their target beyond all doubt to reduce 

the potential for misidentification, particularly between people and deer.  

After the Hunting FRAM was developed, it was further calibrated using narratives provided 

via a confidential online reporting system (see Chapter 2 and Appendix B). This approach 

enabled modifications to be made and drew attention to the potential causes of failure-to-

identify incidents which involved failures to:  

• visually confirm target 

• assess the proximity of hunters, buildings, or people 
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• confirm the correct target. 

These initial indicators of causation drove the need to investigate these issues in more detail. 

Since the development of the Initial Hunting FRAM by Bridges et al. (2018), we conducted 

numerous experiments to understand the behaviour, cognition, and psychophysiology of the 

hunter. Utilising the findings of the investigations detailed in this thesis provides the 

opportunity to calibrate or perfect the Initial Hunting FRAM further. In this chapter, I draw 

the thesis research to a conclusion by revisiting the map to determine whether further 

improvements or refinements can be made. I decided to attempt to re-engage the stakeholders 

who were engaged throughout the thesis due to their involvement or subject matter expertise 

within the hunting industry, especially some of those who were present when developing the 

initial hunting FRAM.  

7.3 Method 

7.3.1 Subject matter experts 

Five representatives of non-profit and private sector hunting organisations attended the 

workshop. Two of the representatives had participated in the previous workshops to build the 

Initial Hunting FRAM. The attendees, four males and one female, had an average age of 51 

years (range 34-64 years) and hunting experience of 30.8 years (range 13-50 years). All were 

experienced in hunting large (deer) and small (rabbit, possum) game, with two subject matter 

experts also having experience hunting dangerous game (boar).  

7.3.2 Procedure  

The participants attended a workshop to review the Initial Hunting FRAM. We presented and 

calibrated the FRAM using the FRAM Model Visualizer Software Version 0.4.1 (FRAM 
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Model Visualiser [FMV], 2016). We initially intended to hold a face-to-face workshop; 

however, due to the COVID-19 restrictions in place at the time, the workshop was facilitated 

online using Microsoft GOTO Meeting (LogMeIn, Boston, USA). The methodology outlined 

by Hollnagel et al. (2014) guided the questioning and group discussions in an online 

workshop environment.  

At the beginning of the workshop, we briefed participants on the FRAM methodology, and 

provided them with a sheet detailing the types of FRAM aspects to assist their understanding 

when reviewing each function and how the functions are connected. Participants were shown 

a summary of the findings from each piece of research presented in this thesis (see Table 7.1).  

Table 7.1 Summary of findings from each chapter 

RESEARCH ANALYSIS FINDINGS 

SIKA 2017 – Simulator trials 

• Context increased likelihood of shooting 

• Extraversion, conscientiousness, and sleepiness increased chances of shooting 

• Time perception slowed down for hunters  

• Pupil dilation occurred when spotting the first deer 

• Physiological arousal increased in the last four seconds before shooting 

SIKA 2018 – Simulation and computer-based testing 

• Higher confidence with recognition with pictures fading in from black as opposed 

to fading in from white 

• Fastest reactions when hunters saw the whole deer, second fastest when seeing 

forequarters, third fastest seeing the head, and slowest seeing the hindquarters 

• Many anecdotal reports of shooting too soon 

• 52% of all participants raised their rifle to scope an obscured animal 

• 15.6% shot the obscured animal 

• No influence of extraversion, conscientious, or sleepiness or any other individual 

difference measure applied to shooting performance 
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SIKA 2019 – Computer-based testing 

• Social comparison slowed the hunter’s decision to shoot 

• Reaction and ‘twitchy’ scenario increased the likelihood of a decision to shoot 

• Direct peer pressure increased decision to shoot 

• No significant correlation between reaction time and performance 

• 56% chance of shooting the wrong animal under direct peer pressure 

• 51% chance of shooting the wrong animal following reaction test 

• 22% chance of shooting the wrong animal with social comparison 

• 29% chance of shooting the wrong animal during the baseline 

Hunters tail review 

• Moderate correlation of age of shooter against year of incident 

• Decade of shooter’s age (20s, 30s, 40s etc.) appears to increase in a linear fashion 

with decade of incident (1980s, 1990s, 2000s etc.) 

 

A discussion with the participants commenced based on the questions below, assessing 

whether any of the experimental findings should be added to the Initial Hunting FRAM: 

• What are your thoughts about the findings? 

o We wanted to obtain initial responses to the findings, which appeared to 

contradict some preconceived notions of how hunters would behave. 

• Do the findings bear relevance to the model? 

o Some findings may not apply to the FRAM. The FRAM focuses heavily on 

present behaviour, and some of the findings were associated with previous 

incidents. However, I wanted attendees to make that decision. 
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• Should the model be revised? 

o Although this was somewhat leading, the workshop aimed to modify or 

confirm the Initial Hunting FRAM. If the findings were relevant, then the 

FRAM should address this.  

• Are there any disagreements? 

o We believe that any changes to the FRAM should be made by consensus. 

When the Initial Hunting FRAM was developed, the attending subject matter 

experts were initially hesitant, and thus, the agreement of all attendees was 

always sought. As a result, this approach was repeated with the intention that 

if any disagreements remained, they would be documented. 

Each finding was presented to the attendees and they were asked to provide their impressions 

based on the above questions. The facilitator (KB) proposed a change to the FRAM, 

assuming a change was required. The attendees were encouraged to discuss the potential 

change and arrive at a consensus regarding whether the proposed change was correct. The 

outcome of the discussion drove any changes being made. 

7.4 Results 

The three-hour workshop resulted in an additional calibration of the Initial Hunting FRAM. 

Before the workshop, the hunting FRAM consisted of 40 functions that were categorised by 

colour based on conceptualised stages of hunting: perceiving (green), comprehending 

(amber), and committing (red). The Initial Hunting FRAM is presented in Figure 7.1 below.  
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Figure 7.1 The Initial Hunting FRAM map from Bridges, Corballis, and Hollnagel (2018). 

The functions are colour-coded into three ‘stages’; sensing (green), comprehending (orange), 

and committing (red). Gateway functions to the next stage of the map are highlighted in 

black. Refer to Chapter 2 (figures 2.5 to 2.7) for a more legible view of this map 

Following the workshop, we added five functions to the map and amended one other 

function. These are highlighted in purple in Figure 7.2. A more legible version (to allow for 

all aspect labels to be seen) is provided in Appendix E. 
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Figure 7.2 The revised hunting FRAM following input from and discussion with the 

attendees at the workshop. New or amended functions are highlighted in purple 

7.4.1 Functional analysis and calibration 

We added or amended functions on the FRAM based on the responses of the workshop 

attendees regarding the summary of findings from the chapters in this thesis and the 

discussions that followed. Most of the calibration amendments were made as a direct 

consequence of the experimental results of previous chapters. However, some modifications 

were based on the discussions that provided additional insight into the process of hunting. 

The following sections detail the changes made to the Initial Hunting FRAM. 

Assemble gear: This function was added to the map (see Figure 7.3) based on discussions that 

arose from the findings of the Sika 2017 experiment, specifically, the finding that context 

increased the likelihood of shooting. 
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Figure 7.3 Location of ‘Assemble gear’ function - circled in red 

The findings drove a discussion towards the context being a product of the events leading up 

to hunting, particularly how well-equipped the hunter is. It became apparent that a new 

function should be added. As a result of its indirect influence on the ability of the hunter to 

identify correctly, the aspects (the linkages between the functions and how they are defined) 

utilised were simply input (from ‘Deciding to go hunting’) defined as ‘Decision made to go’, 

leading to an output aspect (to ‘Actively search for deer sign’) described as ‘Gear assembled’. 

The gear refers to apparel, survival equipment, spotting optics, firearm, and food/water, the 

lack of which has the potential to hinder the hunter’s ability to function correctly, albeit in an 

indirect way. For example, a hunter who has forgotten to take their binoculars may be more 

likely to utilise the scope of their rifle, thereby bringing them closer to committing to shoot 

before fully identifying their target. 
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Hunting party / Guide indicate signs of game: Most of the participants were aware of the 

videos that were used for the Sika 2017 study (see Chapter 3). They vividly recalled the 

distractor video used in the ‘no deer’ condition, where a voice in the background could be 

heard saying “There he is!”, generating considerable discussion about the influence of other 

people when the hunter is not alone (see Figure 7.4).  

 

 

Figure 7.4 Location of ‘Hunting party / Guide indicates signs of game’ function - circled in 

red 

The workshop attendees were directed to the presence of the function in the sensing stage, 

‘Hunting party indicates signs of game’. However, they felt that this did not fully encapsulate 

other people, particularly in hunts that occur on private property under a guide. As a result, 

the function was reworded. The attendees also felt that the impact of other people on a safe 
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hunt was under-represented in the model. Thus, additional aspects were made with other 

functions. These included: 

• Use optics to confirm target – linked as a resource to the sensing stage function of 

‘Visually confirm target’ due to the optical information that would be utilised during 

this step in the map 

• Party indicates deer – linked as a control to a new function that appears in the 

committing stage, ‘Stop and decide next steps’. The workshop attendees felt that the 

hunting party can have a significant impact and thus has the potential to 

circumnavigate other essential functions in the sensing stage. 

To experience an initial increase in emotions: The workshop attendees decided on the 

inclusion of this new function based on the psychophysiological arousal that had been 

detected using pupillometry and electrodermal activity. The challenge was in achieving 

consensus on where the function should be positioned in the map. Some attendees were 

mindful that such arousal could occur at the first sign of deer, but most agreed that the 

moment the deer is spotted and confirmed is likely to be the moment generating the most 

excitement. After discussion, a consensus was achieved, and the new function was positioned 

just after ‘Visually confirm target’, the final function in the Sensing Stage (see Figure 7.5).  
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Figure 7.5 Location of ‘To experience initial increase in emotions’ function - circled in red 

The new function had multiple outputs defined as ‘emotional arousal experienced’ leading to 

having a controlling influence (for better or worse) on multiple functions in the 

comprehending and committing stages. Emotional arousal was depicted as controlling the 

hunter’s ability to ‘Draw on experience and knowledge’, ‘Stop and decide next steps’, 

‘Assess and calm down if required’, and influencing the final stage ‘Commit to shooting’. 

Assess the target based on sufficient information: This was an amendment to the function in 

the initial map, ‘Assess the target’, referring to a hunter commencing their initial assessment 

of the deer they have spotted. This function leads to more detailed reviews of weather and 

terrain, and whether the deer is of the right sex and not pregnant (see Figure 7.6). 
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Figure 7.6 Location of ‘Assess the target based on sufficient information’ function - circled 

in red 

The amendments were driven by the findings of the Sika 2018 experiment (see Chapter 4), 

particularly the computer-based testing and the response rates of the participants when 

initially seeing specific parts of the deer’s anatomy. The research indicated that hunters were 

quicker at identifying a deer based on seeing their forequarters first compared to seeing the 

head or rear quarters. The workshop attendees felt that the ‘Assess the target’ function did not 

fully encapsulate the action involved. Thus, a simple amendment was made to the wording to 

reflect the importance of acquiring enough information to make a reliable and accurate 

assessment of the target.  

Assess emotional state and calm down if required: The introduction of this function to the 

Hunting FRAM was mostly driven by discussions concerning the findings of the Sika 2018 

study (Chapter 4), and partial elements of the findings of the Sika 2017 study (Chapter 3). 

The attendees were troubled to discover that 15.6% of the participant pool in the Sika 2018 

research attempted to shoot the obscured deer. When they were also made aware that many 
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hunters expressed frustration at rushing their shots, the attendees recognised this as a 

pervasive problem in hunting. The Initial Hunting FRAM did not represent this, and as a 

result, a new function was added. The attendees also recognised that the action to calm down 

potentially had a significant impact on identification and thus the function was linked to two 

other functions (‘Stop and decide next steps’ and ‘Commit to shooting’), via the control 

aspect. The ‘Assess and calm down if required’ function was also controlled by outputs from 

the upstream ‘To experience initial increase in emotions’ function (see Figure 7.7). 

  

 

Figure 7.7 Location of ‘Assess emotional state and calm down if required’ function - circled 

in red 

Stop and decide next steps: This function was driven by discussions on the findings of the 

Sika 2019 study (Chapter 5). The attendees concluded from the results of this experiment that 

hunters needed to stop and decide their next course of action. In many ways this function may 

appear similar to ‘Assess and calm down if required’, but the attendees felt that behaviour 
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and emotions differentiated the two functions. The findings of the Sika 2019 study 

highlighted to the attendees just how easy it would be to act on the influence of contextual 

factors and thus completely circumnavigate the hunter’s experience and knowledge of safe 

hunting practice detailed in the comprehending stage. As a result, this function was added in 

a way that shows how easy it is to jump from the sensing stage to the committing stage, with 

the latter being protected by the multiple behaviours that should take place. In essence, ‘Stop 

and decide next steps’ has the potential to become a single point of failure for safe hunting 

practice if not carried out correctly (see Figure 7.8). 

 

 

Figure 7.8 Location of ‘Stop and decide next steps’ function - circled in red 

The Revised Hunting FRAM, colour-coded correctly and adjusted to ensure all aspect labels 

are legible, is presented in detail in Figures 7.9 to 7.11 below; the full model is also provided 
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in Appendix E and printable on A3. We retained the initial colour schemes, with grey 

functions considered ‘background’ to the main tasks, and black functions designated as 

‘gateways’ between one stage of the hunt and the next. 
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Figure 7.9 Sensing stage of the Revised Hunting FRAM 
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Figure 7.10 Comprehending stage of the Revised Hunting FRAM 
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Figure 7.11 Committing stage of the Revised Hunting FRAM 

  



212 

 

7.5 Discussion 

The result of this research was further calibration of the Initial Hunting FRAM presented in 

Bridges et al. (2018). We held a workshop where we provided a summary of the findings 

from the previous chapters of this thesis to experienced hunters and representatives of the 

hunting community for discussion with the aim of determining whether the Initial Hunting 

FRAM could be improved. The resultant Revised Hunting FRAM provides a more 

comprehensive view of the actions involved with spotting, stalking, and shooting a deer. The 

Revised Hunting FRAM is a tool serving multiple purposes associated with insight, risk, and 

investigation. 

The Revised Hunting FRAM provides a more detailed view of the process of hunting, 

leveraging off some of the findings from the experiments in previous chapters investigating 

causation and contributing factors. For example, before a hunter leaves their home, the 

equipment they gather for the hunt has the potential to impact on the outcome. The hunters in 

the Sika 2017 (Chapter 3) and Sika 2018 experiments (Chapter 4) did not have access to 

binoculars and therefore resorted to using their rifle scope to take a closer look. ‘Scoping’ is 

considered unsafe by many in the hunting industry, even when the chamber is empty (an 

unloaded rifle), due to the risk that one day a hunter may scope unwittingly with a loaded 

firearm bringing them one step closer to shooting. Similarly, being aware of one’s emotions 

was added to the Revised Hunting FRAM due to the prevalence of emotions that arise in the 

aftermath of a hunting incident. Hunters who have committed a failure-to-identify incident 

report of succumbing to buck fever or heightened emotions (Bowen, 2014), and the need for 

the hunter to ‘Stop and decide next steps’ is a crucial point in deciding the outcome. 
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The Revised Hunting FRAM provides the opportunity to discuss in detail the intricacies of 

hunting, and facilitate discussion concerning the potential for situational variability and the 

potential consequences to the hunter and their ability to remain safe. The opportunity to 

discuss and ascertain the appropriate level of risk aversion supports the theory of balancing 

efficiency against thoroughness when deciding on safe behaviour and risk-taking, also known 

as the ETTO Principle (Hollnagel, 2009). FRAM has been used to improve understanding of 

complex socio-technical systems to ascertain opportunities of where they can flourish and 

where failure may occur in project management (Furniss, Curzon, & Blandford, 2016). Thus, 

the potential exists to highlight opportunities and threats associated with hunting using this 

methodology. The methodology in Furniss et al. (2016) details the management of positive 

and negative resonance by reviewing the impacts of variability that may occur. The Revised 

Hunting FRAM could be presented to a cohort of hunters willing to discuss and share their 

personal experiences. The opportunity then arises to determine which steps are prone to vary, 

the potential consequences (positive or negative), and strategies to be put into place to aid the 

process of hunting. Similarly, should change be forced upon the process of hunting (e.g. via 

arms legislation), the Revised Hunting FRAM can be utilised to ascertain the potential 

impacts of change prior to implementing the change.  

In addition, using the Revised Hunting FRAM following an incident may aid the investigative 

process. The map provides the ideal hunting situation when all initial cues are received, the 

hunter gains visual confirmation, they have ample opportunity to comprehend and leverage 

off their experience and make a few final checks before shooting their target. Therefore, 

when an incident occurs, the assumption is that one or more tasks within the map have varied. 

With this initial insight, the Revised Hunting FRAM would assist in expediting the 
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investigative process, thereby reducing the potential for media or public speculation before 

the facts emerge, as is often the case for aviation incidents (Perry, 2014), road accidents 

(Owen & Conacher, 2012), and manufacturing processes (Airline Industry Information, 

2000). 

However, the FRAM methodology has its limitations. As a relatively new model, the FRAM 

has been assessed for its ability to identify risk, mitigate undesirable outcomes, and discover 

opportunities to improve the broader system (Hulme, Stanton, Walker, Waterson, & Salmon, 

2019). A comparison between the FRAM and other models such as the System-Theoretic 

Accident Model and Processes (STAMP) and System Theoretic Process Analysis (STPA), 

found that the FRAM risked assuming incorrect outcomes because the outcomes of the 

variabilities identified in the model were misinterpreted (Bjerga, Aven, & Zio, 2016). This 

implies that even if some of the functions were to vary, they might not necessarily guarantee 

the outcome of a failure-to-identify hunting incident. However, even if the effects are not 

assured, intuitively, a hunter should avoid unsafe practices such as not checking their 

emotions, or not visually confirming the deer. One example provided by Bjerga et al. (2016) 

was determining the ability of human beings to manage the environment on Mars. Space 

travel to Mars is a future endeavour of the National Aeronautics and Space Administration 

(NASA, 2020) but one fraught with many unknowns, and unlikely to be modelled effectively 

using a FRAM methodology. As a result, Bjerga et al. (2016) recommend using a multitude 

of approaches to support decision making on risk-related issues in their example and this 

would be no different for a hunting risk analysis. 

On personal reflection, the aim of this research was to utilise the findings from previous work 

to further calibrate the Initial Hunting FRAM. However, the findings presented are not all 
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substantiated through experimentation and in some cases a reflection of the author as they 

have proceeded through the research over the years. For example, ‘Context increases 

likelihood of shooting’ was concluded by a simple comparison (and not statistical analysis) of 

number of shooters. Mentioning personality variables increasing chances of shooting was not 

replicated. However, the purpose of the exercise was to conduct some reality checking based 

on the personal experience of the subject matter experts and to ascertain if there was a place 

for these findings in the Revised Hunting FRAM after all a FRAM is depiction of ‘work-as-

done’. 

Further research into the causation of failure-to-identify incidents could consider taking a 

multiple systems analysis approach, combining the findings of this chapter with a range of 

other systems modelling techniques to identify any subtle cues that may have been 

overlooked with the FRAM methodology. The experimental findings upon which the Revised 

Hunting FRAM was based have demonstrated a significant emotional aspect of hunting. 

Although the presence of emotions is confirmed, the stage at which these emotions 

commence and to what degree they impact the ability of the hunter to correctly identify their 

target is not yet clear. Therefore, the key message arising from this chapter is that the FRAM 

demonstrates the complexity of an activity that many people enjoy with little to no training. 

The FRAM has also shown the multitude of variables that can occur which could result in 

fatal outcomes.  
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Chapter 8  
General discussion 
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8.1 Introduction 

Chapters 2 to 7 have presented a range of studies into failure-to-identify hunting incidents. 

Each chapter consists of discussions and conclusions relevant to the specific content. This 

chapter presents the application of the findings and limitations and addresses this body of 

work as a whole. 

The primary aim of this thesis was to confirm, refute, or discover some of the behavioural, 

cognitive, and psychophysiological causes of failure-to-identify hunting incidents. That is, to 

explain how, when hunting deer, a hunter can mistake a human being for the animal they are 

hunting and as a result, decide to shoot and thereby wound or kill their target; then, during the 

aftermath of their actions (often while pleading guilty to the courts), state that they were 

certain that they had been observing a deer and had spent considerable time identifying, 

watching and confirming their target at distances of 40 metres or less. The research 

conducted for this thesis provided opportunities to: understand the complexity of hunting and 

how the resilience of the hunter manages variability, which in turn affects outcomes (Chapter 

2); ascertain the efficacy of using simulation as a tool to test hunting outcomes (Chapter 3); 

assess cognition, behaviour, and psychophysiology (Chapters 3 to 5); review the current 

statistical and analytical standards of hunting safety, specifically failure-to-identify incidents 

(Chapter 6); and recalibrate and improve the hunting FRAM (Chapter 7).  

Through conducting experimental and research into failure-to-identify hunting incidents 

numerous safety layers have been identified that, if we could turn back the clock, could have 

potentially saved the hunter from making such a fatal mistake. Some examples, include not 

reacting to initially signs of a deer which was discussed in the development of the Initial 

Hunting FRAM (Chapter 2) and the near miss reporting (Appendix B), and the resulting 



220 

 

psychophysiological changes (Chapters 3 to 5). As a result, there is value in presenting what 

these layers of protection are in a manner that is easily understood by the hunting community. 

Therefore, the following sections present the behavioural, cognitive, and psychophysiological 

contributing factors of failure-to-identify hunting incidents, and discusses their direct 

causation or relevancy based on the research findings in this thesis, their applications for 

hunting safety, and future research. The chapter concludes by drawing this information 

together and proposes a ‘layers of protection’ model to enable hunters to make sense of the 

complex information that were presented in Chapters 2 and 7, and become increasingly aware 

of the process they follow during hunting, enhancing their situation awareness. 

8.2 Behaviour 

The research presented in this thesis consisted of three experiments involving a total of 364 

participants (some participants attended more than one experiment and have been counted as 

one participant for each time they attended). A review of the observation notes of the 

previous experiments made by myself and my assistant revealed a wide range of behaviours 

displayed by the participant pool. Some participants held their rifle in a safe direction and 

simply did not shoot because they did not consider there was any safe opportunity to do so; 

this was evident in several cases in Chapters 3, 4 and 5. In contrast, other participants eagerly 

shot at partially obscured deer (Chapter 5) and felt that the decision was a natural one.  

My research assistant and I saw participants initially apprehensive about taking a retrofitted 

rifle with no bullet in the chamber, simply because the chamber on the firearm was closed 

due to housing the laser equipment. What they were displaying could be described as safe 

behaviour due to their basic firearms training recommending that the chamber of the rifle 
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should always be open so that both parties can see that the firearm is not loaded when passing 

it from one person to another. We would then see the same cautious participant conduct a 

range of unsafe behaviours such as using the scope of the rifle to get a better view of the deer, 

sometimes culminating in shooting an obscured deer or the wrong animal. These behaviours 

indicate a varied and personal value system regarding what is considered safe and unsafe 

behaviour. 

The Arms Code (New Zealand Police, 2013) presents seven rules of firearms safety:  

• Rule 1: Treat every firearm as loaded 

• Rule 2: Always point firearms in a safe direction 

• Rule 3: Load a firearm only when ready to fire 

• Rule 4: Identify your target beyond all doubt 

• Rule 5: Check your firing zone 

• Rule 6: Store firearms and ammunition safely 

• Rule 7: Avoid both alcohol and drugs when handling firearms 

The participants in the experiment appeared to regard some rules with more value than 

others, raising the question as to which rule is the most important for them as an individual. 

Based on observations of the behaviour of the participants, I would argue that the firearms 

code is not user-friendly and, in some ways, indirectly contributes to unsafe behaviour 

culminating in a failure-to-identify incident. The hunting FRAMs document a hunter deciding 

to go out, seek, identify, evaluate, and shoot a deer. Yet if we were to overlay the Arms Code 

onto the FRAM, the rules could be reordered as follows:  

• Rule 7: Avoid both alcohol and drugs when handling firearms 

• Rule 2: Always point firearms in a safe direction 
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• Rule 1: Treat every firearm as loaded 

• Rule 5: Check your firing zone 

• Rule 3: Load a firearm only when ready to fire 

• Rule 4: Identify your target beyond all doubt 

• Rule 6: Store firearms and ammunition safely 

According to serial position theory (also known as the primacy recency effect), individuals 

tend to recall information only at the beginning and end of a set of data (Thoresen et al., 

2012). Research has shown that arousal can modulate the neuronal regions of the medial 

temporal lobe during short-term memory tasks (Thoresen et al., 2012). Thus, the more 

aroused an individual is, the less likely they are to recall information that does not occur right 

at the beginning or end of a list of items to be remembered. 

The Arms Code is the foundational safety information that every lawful firearm owner is 

required to memorise to obtain a license. However, assuming that arousal (discussed later in 

this chapter) increases with electrodermal arousal and pupil dilation (as discussed in Chapter 

3), it is possible that hunters simply forget to identify their target correctly and thus forget 

rule 4 when the opportunity arises to take a shot.  

There is little doubt that the events leading up to a hunter shooting produce considerable 

emotional build-up and affect for the finale of discharging a firearm. Thus, the location of 

rule 4 of the Arms Code, in its current state, is highly likely to be detrimental for short-term 

memory. The seven rules do not follow the temporal process of hunting. Thus hunters, 

assuming they are cognisant and not in a heightened state of arousal at the time of committing 

this information to memory, have to recall the rules in an order different to the one they 
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initially learnt, while under an extra emotional load. The location of rule 4 is not conducive to 

committing to memory and is the worst position due to a potential heightened state of arousal 

at the moment in time when retrieval is required. 

Research has shown that while memory retrieval can be improved if the emotional context at 

the time of encoding is consistent with the emotional context at the time that retrieval of the 

learned information is required, memory retrieval can fail when emotional states differ 

between coding and retrieval (Xie & Zhang, 2018). If a shooter experiences increased levels 

of cortisol (associated with stress), long-term memory retrieval may falter, as has been found 

in relation to animals (Tollenaar, Elzinga, Spinhoven, & Everaerd, 2008), and children (Quas 

& Lench, 2007). In addition, increased levels of noradrenaline (emotional arousal) hinder the 

retrieval of hippocampal-dependent (trained) memories (de Quervain, Aerni, & Roozendaal, 

2007; Diamond et al., 2006; Zerbes et al., 2019). 

The above suggests that a change to the order of the rules in the Arms Code to reflect the 

most appropriate time those rules apply may facilitate encoding and retrieval of the 

information. Given that emotional valence between the time of encoding and time of memory 

retrieval can improve memory retrieval (Xie & Zhang, 2018), a review of the method used to 

teach the rules, taking into consideration the need for emotional valence between learning and 

memory retrieval, may prove beneficial. Emotion enhances the ability to commit information 

to long-term memory, and one mechanism for this enhancement is heightened arousal during 

encoding (Leventon, Camacho, Ramos Rojas, & Ruedas, 2018), therefore I recommend a 

review of the firearms safety course material. 
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Overall, during the experiments, we saw a broad range of behaviours that would increase the 

potential for failure-to-identify hunting incidents to reoccur. However, the individual 

difference measures used were unsuccessful in identifying any individual traits that might 

indicate an increased risk of these incidents, nor were we able to gather insights into the 

personality types of people who have committed these acts. Thus, the onus relies on the 

effectiveness of the training and recall of critical information to ensure hunters make the 

correct decisions at the correct times. 

8.3 Cognition - Target identification and cognitive bias 

Target identification is a critical ability for ensuring the hunter can be successful in their task. 

When reporting near miss occurrences (appendix B), hunters disclosed mistaking deer with 

people, trees, shadows, bushes, dogs, cattle, goats, fallen logs, and feeding troughs. Taking a 

psychological view of these reports could naturally lead to hypotheses associated with 

criterion placement, signal detection theory, and expectation bias. However, the challenge of 

applying psychological theory to hunting is the lack of direct relevant research, resulting in 

choosing whether to resort to research conducted in other vocations or relying entirely on 

anecdotal evidence. The former risks making the common mistake of over-generalising 

without deconstructing failure-to-identify incidents thoroughly and the formation of ‘folk 

models’ during human factors research (Dekker & Hollnagel, 2004). The risk of the latter is 

the overreliance on what people say, which is driven by introspection, bias, and attitudes and 

is lacking in validity and reliability. Neither approach was appealing; thus, the empirical 

investigations presented in the previous chapters included aspects of target identification as 

discussed below. 
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Signal detection assumes that the recipient of the information is not a passive receiver but 

instead an active decision-maker, especially when making difficult perceptual judgments 

(Green & Swets, 1966). With hunting, many elements in the environment can cause 

confusion regarding the presence of a deer suggesting that the ability to discriminate is 

challenging. The hunter, utilising their knowledge, experience and memory must try to 

decipher between what is useful information that will optimise their recognition process and 

ignore information that would hinder the process, this striving for optimal awareness of the 

situation (Endsley, 1995b). The process of recognition is further challenged by the very 

nature of the hunter and their biases to make sense of the available information. A novice 

hunter, or indeed someone unfamiliar with spotting deer, may see the same bush environment 

in different ways. For example, Figure 8.1 below provides an example of optimal and 

hindering information. If the reader looks for the deer emerging from the bush in Figure 8.1, 

they may struggle to find the deer.  
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Figure 8.1 Picture of New Zealand bush (taken by the author 27 July 2017) 

However, if the reader looks for the deer hiding behind the tree in the above image (bottom 

right corner), they may well find the task much more achievable. To a non-hunter, the image 

above provides an odd view of the deer which they may expect to see hiding amongst the 

bush, not in the open, albeit hiding behind a tree. An optimal decision for this task requires 

more information about the unfamiliar location of the target (the deer behind the tree) and 

less information to recognise the biased (and incorrect) position of the target (a deer emerging 

from the bush) (Green & Swets, 1966; Macmillan & Creelman, 2005). For hunters, a deer 

hiding behind a tree would not be unusual and they may therefore be more likely than non-

hunters to see the deer. It is plausible to consider that hunters, while searching for their target, 

seek to optimise their performance continuously to ensure the process of search, identify, 

target, and shoot is executed as quickly as possible. However, the chance of ignoring 

evidence that counters their ability to make the right decision increases. We saw this in 

Chapter 4 when hunters completed a computer-based test to ascertain their recognition times 

depending on the part of the deer’s anatomy they saw first. Surprisingly, the area they often 

target and shoot to ensure a quick kill (the forequarters) generated a faster recognition time 

compared to the head and antlers, which intuitively would be the most recognisable feature 

for non-hunters. The deer’s forequarters do not clearly distinguish them from other animals or 

objects; they can be confused with the forequarters of a different animal, the trunk of a felled 

tree, or the midriff of a human bending over.  

If the hunter is in an area where they expect to see a deer, they are less likely to expect to see 

another human or another animal, suggesting that expectation bias could occur. However, 

many hunters, especially during a popular time of the year such as the roar, enter public land 
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with hesitation and apprehension regarding the possibility of encountering another hunter. 

Many cautious hunters state that, as a result, they continually ask themselves the question “Is 

what I see human?” to combat the risk of misidentification. However, at the moment when a 

hunter spots something in the bush, it is plausible to consider that their initial judgment of 

danger could become clouded by their perception that this may be their only chance to shoot 

a stag. This clouding was observed in the experiment presented in Chapter 4, where many 

hunters who anecdotally expressed their support for the research into failure-to-identify 

incidents and presented an image of being safety aware, then proceeded to shoot the partially 

obstructed deer. The criteria for deciding whether a target is a stag or not appear to change as 

a result of context and the information presented, suggesting the criteria to make a decision 

shift moment by moment with the potential to negatively affect the hunter’s situation 

awareness (Endlsey, 1995b). However, to measure situation awareness of a hunter given the 

use of live rounds are involved may bring into question the efficacy and indeed the safety 

implications of using subjective measures such as SAGAT or SPAM (Endsley, 2019). 

However, research into psychophysiological indices of situation awareness using 

electroencephalography have been developing for over a decade (Pomeroy, French, Clarke, 

Seymour & Clarke, 2004) and may provide further insights given that EEG equipment has 

modernised and miniaturised to the point of being wireless and unobtrusive (Electronic 

Newsweekly, 2020). Similarly, considerable research investigating shifts in decision criterion 

has found that this is a function of memory and that people generally over-rely on memory 

evidence as a basis for their decisions (Kantner, Vettel, & Miller, 2015), which would impact 

the degree of situation awareness given the close relationship that exists between situation 

awareness, long term and working memory (Endsley, 2015b).  
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Kanter et al., (2015) conducted a multi-experimental investigation examining the impacts of 

decision criteria on recognition memory in a security setting and found an increase in critical 

errors when a financial incentive was introduced. In experiment 1, they utilised a security 

patrol scenario to determine whether participants would let ‘dangerous people’ go free rather 

than inconvenience innocent people. In experiment 2, they added a financial incentive which 

significantly increased critical judgment errors. Thus, in a hunting context, if the incentive is 

not financial but ‘bragging rights’ with shooting a prized stage during the roar, it is plausible 

to consider the potential for the hunters judgment of their target to be affected. However, the 

experiment described in Chapter 5 investigated whether hunters would shoot sooner under 

different circumstances, including one condition where participants were presented with a 

social comparison of images of other hunters who had shot prized stags. This condition aimed 

to determine whether these pictures would cause hunters to want to shoot a similar or better 

stag and therefore respond faster. Surprisingly, the time to shoot was slower in this condition 

compared to the baseline, suggesting a more cautious approach by the participant, which 

would appear to conflict with the findings of Kantner et al. (2015).  

However, our findings may be explained due to two considerations of the way that the 

experiment in Chapter 5 was constructed. In the social comparison test condition, hunters 

were advised that they were in a position to shoot, but the deer in the videos may not have 

been as prized as the deer in the photos which may have led to a conscious decision not to 

shoot because the deer they saw were not worthy enough. 

Given the hunter was already in a supposed shot-taking position, the hunter would not have 

progressed through all the initial steps documented in the hunting FRAMs in Chapters 2 and 

7. Instead, they were placed immediately in the committing stage. The shifting of criteria to 
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enable the hunter to decide their next step would have been much more fluid and a product of 

the complexity of the hunting process itself. In essence, the hunter gathers information 

through their senses during the process leading up to taking the shot. Referring to the hunting 

FRAMs, the memory of the signs, smell, sound, and look of a deer may be critical for 

building up to those final stages of hunting which in turn will bolster the situation awareness 

of the hunter prior to deciding whether to shoot or not. The FRAM maps presented in 

Chapters 2 and 7 indicate a complex system of activities and were compared to a three-stage 

model of situation awareness (Endlsey, 1995b). As a result, the hunter’s ability to recognise 

what they see at each moment of the hunt is likely to be affected by context, memory, the 

personal experience of the hunter, and the hunter’s decision to fire.  

Research has shown that awareness of the potential for bias can help alleviate the impacts of 

mental contamination when making judgments (Wilson & Brekke, 1994), and is effective in 

reducing diagnostic errors (Cassam, 2017), lessening jury decision making biases (Daftary-

Kapur, Dumas, & Penrod, 2010), and reducing racist political attitudes (Lundberg, Payne, 

Pasek, & Krosnick, 2017). Thus, given that a hunter’s best plans to recognise a deer have the 

potential to be negatively impacted by their expectation of seeing a deer and not a human, an 

increased awareness of their ability to become biased may assist in reducing their mental 

contamination when trying to perform this task correctly. 

8.4 Psychophysiology – The impact of arousal  

Hunting is an enjoyable experience for many, with terms such as ‘the thrill of the hunt’ and 

‘hunter-gatherer’ commonly used. It may be challenging to comprehend the emotional impact 

of hunting when some hunters do not appear to experience any observable emotions, and yet 

others (as was seen during the experiment discussed in Chapter 3) are visibly shaking. The 
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impact of emotional arousal on behaviour, decision making, and memory is well documented 

(Buchanan, 2007). Research using a variety of brain imaging techniques has also detailed 

varying states of emotional arousal affecting perception and cognitive control (Dolcos & 

Denkova, 2015) and memory processes that aide the binding of separate pieces of relevant 

information together to enable decision making (Mather et al., 2006).  

In the experiment described in Chapter 4, 15% of the participants shot an obscured deer, an 

action considered to be unsafe as it presented a high risk of a failure-to-identify incident if the 

deer was, for example, on the back of a hunter at the time. Considering the role of emotional 

arousal and memory, the following are potential explanations for this act: 

• The circumstances - performing the experimental task in a simulation resulted in the 

participant believing there was zero risk of harm or repercussion for their actions. 

• The instructions given prior to the video to shoot a stag whenever they can identify it 

may have caused the hunter to shoot no matter the consequences or thoughts of 

identifying their target beyond all doubt, one of the items presented in the Arms Code 

(New Zealand Police, 2013). 

• The hunter has committed a similar act before in real life, and in the past nothing 

terrible has happened. 

It was not possible to determine the reasons for the shooting of the obscured deer in Chapter 

4. However, Chapter 3 documents psychophysiological data gathered at different points of 

the hunt and indicates a range of arousal states, including just before pulling the trigger, a 

time when participants believed they would be calming down.  
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The third potential explanation above brings into consideration the idea of memory and more 

specifically, the ‘prospective brain’. Research into the prospective brain has shown that the 

medial temporal lobe, critical for remembering past events, has the potential to adapt, and this 

may provide insight into the prediction of outcomes for future events (Schacter, Addis, & 

Buckner, 2007). In the case of hunting, it is plausible to consider that the prospective brain of 

an experienced hunter may have an extensive repertoire of past events from which to retrieve 

information, and this may affect their prediction of the outcomes of future events when 

deciding whether to shoot. Thus, if a hunter who is confident in their abilities starts to relax 

their initial attitudes of safe behaviour without any negative repercussion, they may begin 

making riskier decisions because the outcome based on previous experiences were not 

harmful and thus, in their point of view, correct. This theory may help explain why 

experienced hunters appear to commit failure-to-identify errors more so than new hunters and 

supports the concept of hunter complacency that is often communicated within the industry 

(MSC, 2016a). It is difficult to know with certainty whether the impact of memory on the 

prospective brain contributes to the occurrence of failure-to-identify incidents. Interviewing 

hunters who have committed such acts may provide insight, but this may be considered 

ethically dubious unless substantial emotional support is provided for those reliving their 

actions, particularly if emotional arousal or buck fever was present at the time. 

Buck fever is a phenomenon experienced by many hunters (Texas A&M University, 2016). 

Although for some buck fever is a sign of weakness, others appear to embrace it: “Show me a 

hunter who claims not to get buck fever, and I’ll show you someone who doesn’t enjoy what 

they’re doing” (quoted from Peterson, 2019). However, most information sources regarding 
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buck fever view the experience as hindering performance (Green, 2003) and seek to manage, 

reduce, or eradicate it (Schmitt, 2015).  

Buck fever is psychophysiological arousal that appears to inhibit working and episodic 

memory, which would normally aide target recognition. Buck fever has been described as a 

‘virus’ that needs eradicating (Schmitt, 2015). However, the ‘viral’ properties should be 

associated with the definition of buck fever rather than its actual occurrence. Buck fever is a 

term that has been overused to embrace all aspects of emotional arousal and it has been 

suggested that it is a principal causal factor of failure-to-identify incidents (Mather, 2018). A 

simple search conducted on any internet platform will find a broad range of behavioural 

phenomena falling under this umbrella term. 

There is an abundance of personal videos of people experiencing buck fever after shooting an 

animal (Sportsman Channel, 2012; Team Radical, 2013), using buck fever as a reason for a 

novice hunter refusing to shoot (Dixon, 2017) and as the cause of being physically unable to 

shoot (Wells, 2013) and, in many cases, it is seen as a personal weakness (Spud, 2014). 

Therefore, to associate buck fever that occurs before shooting specifically in terms of failure-

to-identify incidents may be erroneous. The findings of the research described in Chapters 3 

and 4 demonstrate that emotional arousal exists throughout the hunting process, occurring at 

many different times and to varying degrees. The study described in Appendix C, the pilot for 

Chapter 3, also shows how sporadic emotional arousal can be in a real hunting environment. 

Considering the findings of the study conducted for this thesis, it appears that buck fever may 

hinder performance, but no evidence was found of a direct link between arousal and unsafe 

behaviour. If buck fever is a contributing factor, it is by no means the only one and yet it 

receives considerable attention, perhaps far more than is warranted. My concern is that 
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hunters risk focusing too much on combatting a natural physiological occurrence over which 

they have little to no control, which may cause them to fail to consider other more 

consequential aspects of their performance such as visual perception, memory, decision 

making, experience, consequence, risk, and external factors. On a recent hunting trip, while 

focusing on staying calm to shoot a deer, I ejected my round because I had forgotten that I 

had already loaded the rifle ready to shoot. I was time constrained, shooting to a quota, and in 

the presence of a highly experienced and well-respected hunting guide. I did not experience 

buck fever even though many beautiful bucks surrounded me. For me, this was an 

embarrassing mistake with a harmless outcome, but forgetting that one’s rifle is loaded has 

been a cause of many fatal incidents (Gee, 2020; McKenzie-McLean, 2017).  

The health and safety industry has moved away from seeing the human as an erroneous 

liability, instead focusing more on seeing the human as a resilient commodity in battling 

everyday variability (Hollnagel, 2014). On reflection, buck fever appears to have become the 

new ‘human error’, a convenient and overused terminology. Like human error, buck fever 

becomes something we all hate doing, something we focus on avoiding, and something we 

avoid talking about when we experience it and, as a result, something we conveniently point 

to when mistakes occur. 

Beyond buck fever, the emotional impacts of hunting were discussed at length and became 

integrated into the Revised Hunting FRAM described in Chapter 7. Emotional arousal may 

result in the hunter shooting on instinct and risking committing a failure-to-identify error. 

However, the research findings of this thesis suggest that there is a variety of other contextual 

factors that have the potential to expedite the critical phase of hunting associated with 
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comprehending the situation and deciding the next cause of action, which, if incorrect, could 

be life-changing. 

8.5 Resilience and protection against failure-to-identify errors 

Best endeavours by many organisations, regardless of industry, have been made to promote 

learning from one’s mistakes and discourage a blame environment. Thus, organisations 

subscribe to initiatives such as a ‘just culture’, ‘learning opportunities’, and ‘restorative 

justice’ as a means to promote safe disclosure, openness during investigations, and empathy 

for those affected by erroneous actions (Swuste et al., 2020). However, when an incident 

occurs that is beyond comprehension or assumption of normal human performance (such as 

misidentifying a deer at 10-20 metres), it can be difficult for managers, leaders, or legislators 

to refrain from suggesting that more care should be taken (Davies, 2004). As a result, a 

plethora of safety messages ensue, and this is no different for hunting. Every year before the 

roar (March to May), safety messages bombard the hunting community. The media 

communicated safe hunting leading up to the 2020 roar using terms such as ‘applying good 

habits’ (Points South, 2020), and ‘staying safe’ with the hunter avoiding ‘uncalculated shots’ 

(Sturgeon, 2019). The Department of Conservation (DOC, 2020) suggests that hunters should 

be ‘thinking safety’ while hunting. All these suggestions appear to derive from a linear 

understanding of incident causation, similar to that found in root cause investigative 

approaches, Swiss cheese metaphors, and bowtie analyses, in that the causal and contributing 

factors (often the human operator) have the potential to be controlled. In the case of hunting, 

most of the controls are rudimentary, consisting of messages such as ‘stay safe’ or ‘try 

harder’.  
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The limitations of linear models are well documented (Al-shanini, Ahmad, & Khan, 20014; 

Stanton et al., 2013). As a result, a revision into the paradigm of safety has seen an 

appreciation of the complexity of socio-technical systems, the interaction between people and 

the environment (Hollnagel, 2014), and the impact they have on human performance 

(Hollnagel, 2009). The development and revision of the hunting FRAM discussed in Chapters 

2 and 7 embraces this notion, with the hunting FRAM demonstrating the complexity of 

hunting, how easy it is for any step in the process to vary, and the potential outcomes. A 

limitation of this research may be the level of detail regarding the types of variations that can 

occur during hunting and the outcomes of these variations, whether safe or unsafe. However, 

this was deliberate. To effectively create a taxonomy of cause and effect reverts to linear 

approaches, and as research has shown, nothing is that simple. Many incidents arise after a 

succession of repeated events where nothing dangerous has occurred. For example, imagine 

overtaking a car on the same stretch of road repeatedly for ten years. Then one day, the 

control of the vehicle is lost, and a road traffic accident occurs. There is no way to determine 

if the manoeuvre (the cause) was dangerous or if the crash could have happened at any time 

(the effect) without directing attention to the other aspects at the time of the crash. As a 

result, merely saying ‘drive safely’ or ‘hunt safely’ becomes a fait accompli with little 

explanation of how a hunter should achieve this goal. The hunting FRAM highlights how 

many tasks exist within the hunting process, how easy it is for any task to vary, and how 

easily a failure-to-identify incident can occur. The hunting FRAM may assist in making 

hunters aware of the variations that can occur as they approach the terminal stages of firing 

their rifle. 
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The general criticism of the FRAM methodology presented in Chapter 7 is that there is 

potential to misidentify the outcome of variability (Bjerga et al., 2016). This appears to 

misunderstand the purpose of the FRAM and fails to acknowledge its effectiveness. The 

benefits of using the FRAM include helping to identify risks and incident causation based on 

the detailed understanding provided by the analysis of a task. However, the critical advantage 

of the FRAM is the engagement and in-depth understanding of the task by those creating it; 

in this case, the hunters’ engagement and in-depth understanding of the hunting task. Thus, 

the FRAM methodology I chose initially became a talking piece for many hunters who favour 

more pictures and fewer words. The map helped to facilitate discussion during many hunting 

club meetings relating to the variation that occurs and the need for hunters to be as resilient as 

possible to reduce the chances of making mistakes. Viewing the hunting FRAM (supported 

by an explanation) has the potential to be more useful and engaging for hunters than merely 

saying ‘stay safe’. 

The hunting FRAM (specifically the revised version) has provided considerable insight into 

the tasks that a hunter conducts leading up to the point when they decide to shoot. As a result, 

each stage becomes a layer of safety or protection which the hunter, through deliberation, 

peels back. In chemical engineering, the Layer of Protection Analysis (LOPA; Willey, 2014) 

facilitates the management of process safety as individual layers. LOPA is a risk management 

technique that generally enables the risk manager to identify weaknesses and strengths in 

safety systems. The structure of the LOPA may detail a series of concentric rings around a 

specific hazard detailing the following: 

• Layer 1: Process design  

• Layer 2: Basic controls 
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• Layer 3: Critical alarms 

• Layer 4: Automatic action  

• Layer 5: Physical protection  

• Layer 6: Plant emergency response 

• Layer 7: Community emergency response 

However, the LOPA has some limitations. The approach is inherently quantitative (Hefaidh, 

Djebabra, Lila, & Mouna, 2019) whereas hunting is qualitative and unique. The LOPA 

appears to focus on existing controls rather than any temporal relationship between an outer 

and inner layer, which I believe is essential in the hunting process. However, the model can 

be adapted and Figure 8.2 below presents the first draft of a hunting LOPA analysis based on 

the Revised Hunting FRAM and is intended for use as a training aid for firearms and hunting 

safety purposes. 
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Figure 8.2 Hunting Layers of Protection Model – colour coding reflects hunting FRAM 

stages (green – sensing; amber – comprehending; red – committing) 

Figure 8.2 provides a more user-friendly view of the hunting FRAM. The structure reflects 

the colour coding regime of the FRAM map and culminates in the final (red - committing) 

stage of deciding whether to shoot. The Hunting Layers of Protection Model has been 

structured based on the following conclusions: 

• Hunting is a bottom-up process built up from the smallest piece of sensory 

information – that being the initial ‘desire’ of the hunter to go hunting.  
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• The moment the hunter starts to receive initial cues of deer in the vicinity, their ability 

to make sense of those cues is the beginning of their journey towards identifying or 

misidentifying their target. Thus, the move from the green to amber stage of the 

process of hunting is appropriate. 

• Layers of protection can be physical (safety on or off, semi-auto or bolt action rifle), 

cognitive (make sense? … of the information), or physiological (evaluate self). The 

model communicates the need to treat the situation uniquely regardless of their 

experience and the familiarity of the situation. 

• As the hunter proceeds, each potential layer of protection peels back until no more 

layers remain except for the decision of whether to shoot. Each decision to remove a 

layer of protection is theirs, bringing them one step closer to shooting the correct 

target and thus the decision should be well thought out. 

• A hunter can return to any layer, which may occur due to scenarios such as the deer 

being startled, the hunter deciding not to shoot a specific deer or becoming unsure of 

their situation, thus supporting the dynamic nature of hunting. 

• If a hunter decides to take a top-down approach and shoot with little contemplation 

(often noticed in the near miss data of Appendix B), the layers of protection are thin 

to non-existent at the top of the model. 

• The critical safety message is that peeling back each layer should be methodical and 

never expedited, supporting the need for hunters to take their time no matter what 

their perceptions are of the situation or of elapsed time. If hunters take their time this 

may help them to detect their target, or not as the case may be, with reduced bias and 

increased discriminability (Green & Swets, 1966) 
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The model requires validation and testing but given it reflects the output and structure of the 

hunting FRAM, it should depict a ‘work-as-done’ view rather than a ‘work-as-imagined’ one 

(Hollnagel, 2014), as the latter would risk an inaccurate picture of the reality of hunting.  

8.6 Conclusion  

The hunting FRAM and hunting LOPA provide the first empirical views of the causation and 

prevention of failure-to-identify hunting incidents. Hunting is a dynamic activity, and as a 

result, there is an abundance of hunting stories and lessons learnt. Most errors or omissions 

are harmless and, in some cases, embarrassing but are generally supported by a community-

based camaraderie to grow, learn, and improve. In the aftermath of a failure-to-identify 

incident, the hunting community experiences varying levels of aggrievement. The situation 

results in hunters succumbing to a variety of emotions such as anger, resentment, disbelief, 

apathy, dread of the political/media and anti-firearm public rhetoric that often follows.  

The Revised Hunting FRAM, the Hunting LOPA, and the empirical research presented in this 

thesis demonstrate the complexity of the hunting task, the risk of unfavourable outcome 

driven by behaviour, cognition and psychophysiology, and the continuing commitment of the 

community to grow, learn, improve, and become safer.  

The findings of research into hunting accidents ut totum are not yet conclusive, and many 

other injuries and fatalities occur. However, the complex nature of failure-to-identify 

incidents and understanding how incidents can emerge out of fundamental decisions made 

during the onset of hunting should be a strong indication that researching other breaches of 

the seven rules of the Arms Code is achievable. This thesis provides a solid foundation, and 

potentially a means to communicate, drive towards, and enhance the professionalism of 
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recreational hunting, a consequence of which should be an improved sense of safety in the 

general populace. 
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Appendix A - Copyright permissions 

All copyright permissions were provided via email due to covid-19 lockdown rules. Email 

headers can be provided to prove authenticity on request. 

For Mountain Safety Council Imagery in Chapters 1 and 5 

-------- Original message -------- 

From: Ros Wells <Ros.Wells@mountainsafety.org.nz>  

Date: 28/04/2016 10:04 am (GMT+12:00)  

To: Karl Bridges <karl.bridges@hfex.co.nz>  

Subject: Re: MSC Firearms gif images  

Oh yes of course, managed to find that one too – please see attached. 

And also the filled in sections: 

Permission details: 

 Images included (series of 3 jpegs for gifs representing misidentification of target while 

hunting) – created by the NZ Mountain Safety Council. 

 ‘Firearms-1.1.jpg’ 

‘Firearms-1.2.jpg’ 

‘Firearms-3.1.jpg’ 

‘Firearms-3.jpg’ 

‘Firearms-4.1.jpg’ 

‘Firearms-4.2.jpg’ 

  

I, as Copyright Owner (or the person with authority to sign on behalf of the Copyright 

Owner) of the material described above, grant permission for Karl Bridges to copy the 

material as requested for the purposes of: 

• Inclusion into academic presentations 

• Inclusion into thesis 

 Name: Roslyn Wells 

 Role:  Collateral Advisor 

 Organisation: NZ Mountain Safety Council Inc. 

 Date: 28/04/2016 

 -       Always include the NZ Mountain Safety council logo watermark when using these files 

and/or credit our organisation directly below. 
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Thanks, 

 

Ros Wells 

Collateral Advisor 

 

New Zealand Mountain Safety Council 

86 Customhouse Quay, Wellington l PO Box 6027 

P: +64 4 385 7162 

www.mountainsafety.org.nz 

 

 

Videos for Chapter 3 

Signed: Mike Spray 

Date: 11 April 2020 

Mike Spray 

021 048 2092 

mahiamike@hotmail.co.nz 

________________________________________ 

From: Karl Bridges <karl.bridges@hfex.co.nz> 

Sent: Friday, April 10, 2020 11:40:25 AM 

To: Mike Spray (mahiamike@hotmail.co.nz) <mahiamike@hotmail.co.nz> 

Subject: More paperwork for my thesis  

  

Dear Mike 

I am a postgraduate research student in the Faculty at the University of Auckland. I am 

seeking permission to use the following copyright material in my PhD Thesis entitled 

Behavioural, cognitive, and psychophysiological predictors of failure-to-identify hunting 

incidents for the purposes of examination and subsequent deposit in the University of 

Auckland’s publicly available digital repository, ResearchSpace:  

Still shot imagery take from videos provided by you under copyright of Mike Spray – see 

attached  

• Figure 3.1– CHAPTER 3 

• Figure 3.2– CHAPTER 3 

  

http://www.mountainsafety.org.nz/_Admin/site-authors/edit/www.mountainsafety.org.nz
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If you are happy to grant permission, please reply and complete the authority at the bottom of 

this letter. You may also add specific instructions regarding the attribution statement that I 

will include in my thesis, and any additional terms and conditions that you require.  

If you wish to discuss the matter further, please contact me at kbri542@auckland uni.ac.nz or 

telephone 09 973 3425.  

Thank you for your consideration of this request.  

Yours sincerely  

Karl Bridges  

  Permission  

I, as Copyright Owner (or the person with authority to sign on behalf of the Copyright 

Owner) of the material described above, grant permission for Karl Bridges to copy the 

material as requested for the stated purposes, with no further action required.  

  

NOTE: Mike Spray provided his approval above the email. At the time, of providing the 

permission, he did not have access to a printer/scanner and was under lockdown of Level 4 

COVID-19 

 

Videography and imagery for Chapter 4 

Hi Karl 

Yes, that is fine. Please feel free to use any of the footage that was provided by me.  

Harald Bettin, 37 Morris Street, Palmerston North. 021 404 461 

 

On Fri, Apr 10, 2020 at 11:44 AM Karl Bridges <karl.bridges@hfex.co.nz> wrote: 

Dear Harald 

I am a postgraduate research student in the Faculty at the University of Auckland. I am 

seeking permission to use the following copyright material in my PhD Thesis entitled 

Behavioural, cognitive, and psychophysiological predictors of failure-to-identify hunting 

incidents for the purposes of examination and subsequent deposit in the University of 

Auckland’s publicly available digital repository, ResearchSpace:  

Still shot imagery take from videos provided by you under copyright of Harald 

Bettin/Bowsim4D – see attached  

• Figure 4.2– CHAPTER 4 

• Figure 4.3– CHAPTER 4 

• Figure 4.4– CHAPTER 4 

  

mailto:karl.bridges@hfex.co.nz
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If you are happy to grant permission, please reply and complete the authority at the bottom of 

this letter. You may also add specific instructions regarding the attribution statement that I 

will include in my thesis, and any additional terms and conditions that you require.  

If you wish to discuss the matter further, please contact me at kbri542@aucklanduni.ac.nz or 

telephone 09 973 3425.  

Thank you for your consideration of this request.  

Yours sincerely  

Karl Bridges  

  

  

Permission  

I, as Copyright Owner (or the person with authority to sign on behalf of the Copyright 

Owner) of the material described above, grant permission for Karl Bridges to copy the 

material as requested for the stated purposes, with no further action required.  

See email permission above 

Videography and imagery for Chapters 4 and 5 

Signed: Mike Spray 

Date: 16 April 2020 

Mike Spray 

021 048 2092 

mahiamike@hotmail.co.nz 

 

From: Karl Bridges <karl.bridges@hfex.co.nz> 

Sent: Thursday, April 16, 2020 9:41:01 AM 

To: Mike Spray (mahiamike@hotmail.co.nz) <mahiamike@hotmail.co.nz> 

Subject: FW: More paperwork I need you to complete mate  

Hi Mike, 

I sent a similar copyright request to Harald Bettin for the videos and images he has 

contributed to my research. He got in touch with me yesterday and advised that some of the 

attached images may be from some of your material. 

  

mailto:kbri542@aucklanduni.ac.nz
mailto:mahiamike@hotmail.co.nz
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So assuming some of these are, please can you respond to the copyright request below in the 

same way that you did last time. 

  

  

Dear Mike 

I am a postgraduate research student in the Faculty at the University of Auckland. I am 

seeking permission to use the following copyright material in my PhD Thesis entitled 

Behavioural, cognitive, and psychophysiological predictors of failure-to-identify hunting 

incidents for the purposes of examination and subsequent deposit in the University of 

Auckland’s publicly available digital repository, ResearchSpace:  

Still shot imagery take from videos provided by you under copyright of Mike Spray – see 

attached  

• Figure 5.6 

• Figure 5.7 

• Figure 5.8 

• Figure 5.9 

• Figure 5.10 

• Figure 5.11 

  

If you are happy to grant permission, please reply and complete the authority at the bottom of 

this letter. You may also add specific instructions regarding the attribution statement that I 

will include in my thesis, and any additional terms and conditions that you require.  

If you wish to discuss the matter further, please contact me at kbri542@aucklanduni.ac.nz or 

telephone 09 973 3425.  

Thank you for your consideration of this request.  

Yours sincerely  

Karl Bridges  

  

  

Permission  

I, as Copyright Owner (or the person with authority to sign on behalf of the Copyright 

Owner) of the material described above, grant permission for Karl Bridges to copy the 

material as requested for the stated purposes, with no further action required.  

  

  

mailto:kbri542@aucklanduni.ac.nz
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NOTE: Mike Spray provided his approval above the email. At the time, of providing the 

permission, he did not have access to a printer/scanner and was under lockdown of Level 4 

COVID-19 
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Appendix B - Report of near-miss reporting of failure-to-identify hunting 
accidents 

Introduction 

Near-miss and close-call events tend to be more prevalent and anecdotally, many hunters 

describe occasions when they thought they saw their quarry but what they saw turned out to 

be something entirely different. Near misses usually have harmless outcomes, but are rarely 

analysed, which is a lost opportunity to obtain useful information for incident prevention 

purposes (McKinnon, 2012). Industries are now beginning to explore workplace near misses. 

However, workers are reluctant to admit to their mistakes. A way to circumvent this is by 

utilising confidential reporting systems, thereby enabling someone to report a close call they 

have experienced without having to disclose their name. This strategy has led to significant 

advances in areas such as hot-air ballooning (Filtness, Goode, & Cook, 2015), patient safety 

in oncology (Harris et al., 2011), manufacturing (Lander et al., 2011), and firefighting 

(Taylor & Lacovara, 2015). In anaesthesia, for example, a root-cause analysis approach was 

used to examine a near-miss event associated with the handover of responsibility for a patient 

between professionals (Evanina & Monceaux, 2012).  

Root cause analysis is a method that uses a range of techniques to identify the factors that 

may lead to an error taking place rather than only addressing proximal causes (Holdsworth, 

Bond, Parikh, Yacop, & Wittstrom, 2015). For example, rather than just considering the act 

of bringing a firearm up to take a shot, events leading up to this decision (weather, 

personality, physiology) may potentially play a contributory role.  
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Anecdotally, hunters are reluctant to disclose their mistakes openly. Thus, this study informs 

and contributes to the current pool of understanding by using confidential near-miss 

reporting. 

Method 

We developed a confidential reporting survey for hunters to disclose situations where they 

had experienced a near miss or close call when they believed they had identified their target 

correctly only to discover that they were incorrect. The survey questions were developed 

following consultation with experienced hunters and hunting organisations. The survey was 

accessible online (hosted on Survey Monkey, California, USA), and respondents could 

download a paper version to be returned by post. The survey was made publicly available for 

5 months between 15 July 2016 and 18 November 2016. 

Participants were made aware of the research via: 

• New Zealand Deerstalker Association club meetings 

• New Zealand Deerstalker Association newsletters  

• New Zealand Deerstalker Association 2016 Annual Conference 

• New Zealand Herald 

• NZ Hunter Magazine 

• The 2016 Sika Hunting Show 

The survey commenced with a preamble explaining the research and then encouraged the 

respondent to think of an occasion when they had incorrectly identified a deer. The first three 

questions focused on the type of hunting activity (deerstalking in daylight, or spotlighting), 



253 

 

the location, type of hunting (firearm or bow), and the time of day. The respondent was then 

encouraged to tell their story in their own words. 

We also asked the respondents to describe what they believed the causal factors were, what 

stopped them from pulling the trigger, and technical details about the firearm they were 

using. 

Preparation of data 

The survey closed with a total of 78 submissions. We excluded 41 entries for one or more of 

the following reasons: 

• The respondent chose not to provide any narrative of what happened, so there was no 

way to determine whether the incident was relevant to the aim of the study 

• They did not provide content that was relevant to target misidentification 

• The content was not a personal narrative but instead consisted only of an opinion 

• They reported being on the receiving end of a target misidentification, which was 

expressly excluded by the instructions for the survey. 

The remaining 37 entries were analysed. 

Data analysis 

The data analysis took place in three stages: 

Stage 1 – We conducted a root cause analysis, which consisted of brainstorming, 

flowcharting, and developing process diagrams of the event. The researcher listed the root 
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causes of each event based solely on the available content. The researcher then referred to the 

respondent’s ideas of what may have caused or contributed to the near miss.  

Stage 2 – We included the root causes identified by the participants to validate our findings 

and to identify any additional information that may not have been obvious in their narrative. 

If a root cause occurred more than once, e.g. the participant reported spotting part of a deer 

on two or more occasions, we counted it only once. The focus of this research was simply to 

identify the types of causal factors that occurred before the near-miss events, and not attempt 

to ascertain any degree of influence. Most of the root causes noted by the researcher were 

consistent with those provided by the respondents in the survey. Any causes not noted by the 

analyst were due to respondents identifying a causal or contributing factor that was not 

apparent in the narrative.  

Stage 3 – With permission from the New Zealand Police, a single police record was studied 

to identify whether the causal and contributing factors aligned with the near-miss data. The 

outcome of the incident described in this record was a fatal shooting. The police record did 

not fit the criteria of a near miss, but we wanted to explore differences of causal factors 

between a near miss and an investigated fatal shooting. 

Results 

Preliminary analysis 

Narratives averaged 135 words (range 7 to 409). Thirty-four of the 37 respondents analysed 

(92%) advised that they had used a firearm; none mentioned the use of a bow. 



255 

 

We asked participants what time the near miss occurred, with five options from which to 

choose: dawn, morning, afternoon, dusk, and night. Morning and afternoon were the most 

prevalent times that these near-miss events occurred (see Figure 1). 

 

 

Figure 1 Time of day reported for near-miss events 

Of the 37 cases, five (14%) did not disclose the time of day. Twenty-nine (78%) stated they 

were deerstalking at the time, and three (8%) hunters reported that they were hunting in a 

country other than New Zealand. 

The types of terrain where the near miss occurred included bush, hills, river flats, open tops, 

the edge of bush, and hunting stands. Bush hunting (or something similar such as ‘forest’) 

accounted for 23 (62%) of the cases, and hills accounted for eight (21%).   
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Causal and contributing factors 

Three of the most common causal and contributing factors were visual cues, aural cues, and 

expectation (see Table 1 below).  
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Table 1 Summary table of near-miss causal and contributing factors 

Causal / 

contributing 

factors 

Criteria 
% of  

cases 

Visual cues 
The hunter thought they saw all or part of a deer or saw 

movement typical of a deer 
83.8 

Expectation 

Prior information about the location and initial perception of 

deer in the vicinity led to an expectation that sighting of a deer 

is imminent 

64.9 

Aural cues 
Foliage making noise, inferring that quarry is walking around in 

close vicinity 
32.4 

Poor visibility Too dark, too bright, too many obstructions 21.6 

Excitement 
Behavioural changes are indicating an increased sense of 

excitement. A declaration that excitement has built up 
18.9 

Peer pressure Pressure from others to come back with a kill 16.2 

Inexperience Lack of knowledge of the area, deer behaviour, safety 16.2 

Environment Terrain or foliage complications 13.5 

Sign Prints, faeces 8.1 

Group split up The hunting party split up and went off in different directions 5.4 

Plans unfold Someone deviates from an initially agreed plan 5.4 
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External pressures Limitations by law (e.g. legal hunting hours), landowners 2.7 

Olfactory cues The smell of deer in the vicinity 2.7 

Repeat visit 
Known area visited before which could develop into an 

expectation 
2.7 

 

Surprisingly, the ‘group splitting up’ presented much lower down in the table. At numerous 

club meetings attended while publicising this research, this is considered a common causal 

factor of failure-to-identify incidents. However, the data presented in Table 1 above suggest 

that the most prevalent causal and contributing factors are attributed more to subjective 

perception and less by behaviour or objective evidence. 

Subsequent questions 

From question 8 onwards, the survey focussed on whether the hunter discharged their 

firearm, what stopped the hunter from pulling the trigger (for those who did not), whether the 

firearm was equipped with a scope, and whether high visibility apparel helped or hindered. 

Two of the cases analysed discharged their firearm without injurious or fatal outcomes. Of 

the remaining cases, 23 (62%) stated a wide range of reasons for not pulling the trigger. Four 

of these cases were due to ‘external influencers’ including their rifle not being loaded at the 

time, safety catches being on, the legally allowable hours of hunting had passed, and the 

hunter did not have their rifle at the time. The final reason may appear too risible to include 

in the analysis, but the hunter also disclosed that they may have pulled the trigger if they had 

been equipped with a firearm. Interestingly, of these four cases, two stated that high visibility 
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apparel was worn but made no difference. They did not state the colour of the high visibility 

clothing. 

Nineteen cases (50%) disclosed that they managed to regain control of the situation by 

confirming their target was incorrect (fauna, another animal, or a person) before shooting.  

Support for findings 

With permission from the New Zealand Police (NZP), we analysed a single police case of a 

failure-to-identify hunting incident that resulted in a fatality. Principally, this was to 

understand the process of a criminal investigation and the causal and contributing factors 

identified.  

The police record was provided on the understanding that identifying information would not 

be made public. However, some of the contributing factors identified were alcohol, bias, 

expectations, fatigue, inexperience, peer pressure, low visibility, self-imposed pressure, and 

visual cues. Most of the contributing factors from the police report are also present in the near 

miss reportsError! Reference source not found., which suggests that the lead-up to a fatal s

hooting or a near miss are similar, with the hunter’s decision whether to shoot or not defining 

the outcome. 
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Appendix C - Field trial write-up 

Method 

We conducted a brief pilot study to establish the effectiveness and appropriateness of 

psychophysiological measures in a field setting. The pilot took place at two deer farms with 

volunteer hunters taking part in real hunts. 

Participants 

Five hunters each participated in a single hunt for a red deer. The attendees, all male, were 

regular and experienced hunters - either hunting on their property or by regular visits to local 

hunting grounds. All hunters were holders of a current NZ firearms license and were entirely 

capable of traversing land, handling a firearm, making a shot, gutting and carrying the deer 

for later transport to a refrigerator room for later butchery. The University approved all 

aspects of the research via the Auckland Human Participants Ethics Committee, and all 

participants provided informed consent before commencing their hunt. We obtained no other 

demographics. 

Materials 

Physiological data using an Empatica E4 Wristwatch (Empatica, Milan, Italy) included  

• Heart rate (HR)  

• Inter Beat Interview (IBI) 

• Blood Volume Pulse (BVP)  

• Electrodermal Activity (EDA) 

• Surface temperature (TEMP)  



261 

 

• Accelerometer data (ACC) 

A Go-Pro camera (Go Pro, California, USA) worn by the lead researcher (KB) recorded any 

instances of particular interest with the intention of follow-up with the participant after the 

trial.   

Questionnaires were provided for completion before the hunt to ascertain the participants’ 

degree of impulsivity (Barratt Impulsivity Scale; Patton, Stanford, & Barratt, 1995) and 

Personality (International Personality Item Pool; Donnellan, Oswald, Baird and Lucas, 2006).  

Each participant attending the hunt came equipped with their centre-fire bolt-action rifle. 

Procedure 

Permission was obtained from landowners of two New Zealand deer farms – Makapua 

Station and Balnagown Hunting – for a series of live hunts to take place. The timing of this 

was critical to ensure that any shooting of deer would not adversely affect the overall 

population and coincided with yearly culling that would typically take place. Numerous 

hunters, who the landowners knew and trusted, were approached to take part in this study to 

test the equipment and help the researchers gain a basic understanding of the 

psychophysiology involved during a real-life hunt. It was imperative to obtain trusted 

hunters, otherwise getting the owner’s permission to go onto their land may have been more 

difficult. 

Four hunts were conducted at Makapua Station, while the fifth took place at Balnagown 

Hunting. Each hunt was scheduled to take 1-4 hours and usually involved initial identification 

of the deer, and stealthily approaching (stalking) to a distance where a humane shot could be 
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taken to ensure a decisive kill of the targeted deer (usually within 100 metres), gutting (or 

cleaning) and returning the carcass to the farm’s refrigeration for later butchery. 

The hunter was advised that the researcher would approach them cautiously after they had 

shot their target to timestamp the event on the wristwatch by pressing the timestamp button. 

Once the briefing was completed, the hunt commenced.  

The Makapua based hunts were attended by the hunter, a guide and the researcher. The 

researcher followed the party from approximately 20 metres behind so not to disturb the 

process. The Balnagown hunt did not consist of a guide, but the participating hunter was very 

familiar with the land and the owner. The participants were assigned a prefix, and a number 

to maintain their confidentiality – Makapua hunters were prefixed ‘MAK’ and Balnagown 

hunter prefixed with ‘BAL’.  

On commencing of the hunt, the Empatica watch and go-pro camera were activated. The 

watch started recording immediately, while the camera was on standby due to limitations in 

battery life and storage capacity of high definition video material. When it became apparent 

that a shot by the hunter was imminent (usually signified by the hunter freezing in position, 

lowering themselves to the ground or deceleration of the walking pace of the hunter), the 

video recording was manually started by the researcher. 

On discharge of the firearm, the researcher timestamped the event on the wristwatch, the 

gutting of the fallen quarry commenced, and the data gathering was terminated. 
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Results 

Contextual Data 

Due to the low numbers of participants, only individual data are presented. Each of the 

datasets obtained from the Empatica Wristwatch was timestamped just after the participant 

discharged their firearm. The actual time of firing was established by analysing the 

accelerometer data to identify the precise moment of recoil from the rifle. One participant’s 

watch was accidentally switched off instead of being timestamped (MAK-03), and this is 

presented in later figures by a sudden cessation of physiological data. 

Detailed below are the participant’s hunt and details of the outcome of their trial. 
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Table 1 Contextual data for each hunt 

Part. # Time/date 

hunting 

commenced 

Nature of 

target 

acquisition 

Environment Estimated distance 

between hunter and 

quarry at moment of 

shooting 

Consequence 

of firearm 

discharge 

MAK-

01 

14:32 

01 May 

2017 

Spotted 

from 

distance and 

stalked 

Open hills >100metres Shot 

connected 

with target – 

death instant. 

MAK-

02 

06:27 

02 May 

2017 

Spotted 

from 

distance and 

stalked 

Bush and 

undulating 

30 metres Shot 

connected 

with target – 

death 

following 50 

metres of 

running 

MAK-

03 

14:02 

02 May 

2017 

Encountered 

at short 

distance 

Light bush 

and open 

hills 

25 metres Shot 

connected 

with target – 

death instant 

MAK-

04 

08:22 

03 May 

2017 

Encountered 

at short 

distance 

Dense bush 

with hills 

25 metres Missed target 

completely 

BAL-

01 

16:06 

26 May 

2017 

Encountered 

at medium 

distance 

Light bush 

and open 

hills 

100 metres Shot 

connected 

with target – 

death instant 

 

Personality variables 

Each participant completed the IPIP and BIS-11 surveys. Little could be concluded from the 

participant’s questionnaire scores as a collective. However, the hunters’ responses were, to an 

imprecise degree, reflected in some of the behavioural traits observed by the researcher. For 
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example, those that scored higher in extraversion and impulsivity presented as more talkative, 

traversed the terrain with less caution, and were observed displaying lower concern for 

firearms safety practices (e.g., seeking their quarry using the scope of the firearm rather than 

binoculars, and momentarily directing the firearm in directions deemed unsafe by the 

researcher). 

Table 2 BIS-11 scores with higher scores representing higher impulsivity 

Participant 

Attentional 

impulsivity 

Motor 

impulsivity 

Self-control 

impulsivity 

Scale of potential scores 1.2 – 4.8 1.4 – 5.6 2.64 – 10.56 

MAK-01 2.4 2.8 5.28 

MAK-02 1.75 2.8 3.87 

MAK-03 2.4 2.8 6.54 

MAK-04 2.4 5.02 5.28 

BAL-01 2.4 1.98 3.97 
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Table 3 Mini IPIP scores with higher scores representing stronger personality characteristics 

Participant Extraversion Agreeableness Conscientiousness Neuroticism 
Intellect and 

imagination 

Scale of 

potential 

scores 2.76 - 13.8 2.8 - 14 2.76 – 13.8 2.8 - 14 2.67 – 13.35 

MAK-01 8.37 10.4 8.92 6.72 12.11 

MAK-02 6.09 10.4 9.68 7.48 9.24 

MAK-03 10.49 12.68 6.27 9.04 9.39 

MAK-04 6.79 9.04 6.99 7.76 8.36 

BAL-01 6.98 12 11.15 6.2 10.91 

 

From the tables above, the participant who missed their shot (MAK-04) provided the highest 

score of motor impulsivity, and that the participant displaying most unsafe firearms practices 

(MAK-03) has scored highest in extraversion and agreeableness. Time was spent with many 

of these hunters beyond their simple participation in the exercise. Given the remoteness of the 

locations, some were accommodated overnight at the hunting venue along with the researcher 

and again, some of their behavioural characteristics appeared to support their individual 

scores. This gave some confidence that the measures used could also be used in the larger 

scale study presented later in the article. 

Psychophysiological data 

The Empatica E4 watch is designed to record Heart rate (HR), Inter Beat Interview (IBI), 

Blood Volume Pulse (BVP), Electrodermal Activity (EDA), surface temperature (TEMP) and 
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accelerometer data (ACC). The data obtained from each trial was uploaded to the Empatica 

website to provide an overview of the entire hunting experience and then downloaded in CSV 

format for more in-depth analysis. Given the small number of participants, analyses were 

presented without combining the data. 

Once the data were obtained, the time of shot was calculated using the timestamp as a crude, 

initial reference, and then cross-referencing with the accelerometer data to identifying the 

moment of rifle recoil as displayed below. Precise timestamping was unachievable due to 

safety concerns of reaching for the watch the moment the hunter discharged their firearm. In 

the case below, timestamping was achieved approximately 3 seconds after the firearm was 

discharged. 

 

Figure 1 Comparison of firearms discharge (using accelerometer data) versus timestamp 

Using the approach above this enabled the researcher to understand the physiology of the 

participant leading up to this terminal moment of shooting a deer. 

Actual shot 
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The IBI, TEMP and BVP data were excluded from the research. The IBI and BVP data failed 

to record or recorded sporadically and thus no conclusions could be drawn from the data. The 

TEMP data was recorded. However, the TEMP data focused on surface temperature, and 

given the physical activity of the hunters and the chances of perspiration, it was considered 

too extraneous for analysis. 

HR and EDA data were acquired, and along with ACC data enabled the researcher to present 

the outcome of these trials below. 

Tonic EDA – EDA appeared to present as a relatively stable reading for the 2 minutes prior 

and post-shot taken. During this time, the hunter in the trials was either approaching their 

quarry (in the case of MAK-01, MAK-02 and BAL-01) and thus were not in a position to 

visually observe their target, or had unexpectedly happened upon a deer, which they 

attempted to shoot (MAK-03 and MAK-04). Reviewing Figure 1 below, MAK-01 showed 

the greatest increase of EDA over time, but this is confounded by the strenuous activity 

(shown in Figure 2 the hunter endured to reach their position whereby they shot their target, 

and thus heart rate became an unavoidable artefact in the EDA data. 
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Figure 2 Tonic Electrodermal Activity data took 2 minutes before and post firearm discharge 

The HR data presented below suggests that little artefactual interference appeared to take 

place. Investigating BAL-01, their HR appears to climb considerably which is typical of the 

undulating hills they were traversing across (Figure 3) and yet their EDA presents a slight 

decrease over time (Figure 2). Investigating all participants, except for MAK-01, suggests 

that the tonic EDA provides a stable level of arousal over time. 
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Figure 3 Heart rate data taken two minutes before and post firearm discharge 

Investigating a smaller epoch around the moment of firearm discharge event increasingly 

sensitive data is presented below for all except one participant. 
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Figure 4 Log EDA (against base score at -15 seconds) for 15 seconds before and post-

discharge of firearm 

For this analysis, it was decided to convert the EDA data to a logarithmic score (using the 

individual participants score at 15 seconds prior to a shot taken as the base) to identify the 

fluctuations of EDA on a similar scale. Three items of interest are observed in the data 

presented above.  

Firstly, the slight downward trend of EDA in the seconds just prior to and shortly after the 

shot was taken (given EDA can take a few seconds to register after the event). This would 

appear to support the anecdotal notion that hunters generally attempt to calm themselves 

down to increase their chances of a conclusive shot at their target. However, it is worth noting 

that this is not consistent across all participants, and some of the EDA readings in the 2-4 

seconds before firearm discharge, the EDA increases. 
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Secondly, the previous point is shortly followed by a noticeable increase in arousal 

potentially representing the elation the hunter would experience that their shot (in all the 

cases above) connected successfully with their target.  

The final point concerns the deliberate omission of the data for MAK-04. This was removed 

due to the erratic nature of their EDA. Including it in the chart results in a very different chart 

being presented, as shown below. 

 

Figure 5 Log EDA (against base score at -15 seconds) for 15 seconds before and post-

discharge of firearm including MAK-04 

In the chart above, MAK-04 dominates the presented data making it impossible to draw any 

conclusions of the rest of the data. The hunt conducted by MAK-04 was considerably longer 

than any of the other hunts – taking 4+ hours instead of less than 1 hour for the rest. This was 

due to MAK-04’s desire to show both the guide and the researcher the land and resulted in 
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traversing over severe hilly terrain. Interestingly, the participant’s heart rate did not alter 

much with an average of 94.1 BPM (max – 97.67, min – 89.7) in the 60 seconds leading up to 

the firearm being discharged. What is particularly interesting is that MAK-04, whilst 

displaying sporadic EDA, was also the only hunter to miss at 25 metres. This could have been 

due to fatigue but given their relatively stable HR (especially in comparison to MAK-01) 

suggested that they were incredibly fit and capable with this level of physical exertion. The 

participant, after discharging their firearm, reported that they “pulled their shot”. The 

dramatically different EDA compared to other hunters suggests that MAK-04 may have been 

under considerable anxiety to perform well in front of the guide and the researcher. 
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Appendix D - Scenarios and scripts 

PARTICIPANT RECRUITMENT FOR CHAPTERS 3, 4 AND 5. 

• Public would make an initial approach to the study booth 

• Person would be asked if they had two minutes for a brief overview of what the booth 

is about.  

• We are investigating hunting safety 

• Completion enters you into a draw  

• The research takes ‘x’ minutes (dependent on study)  

• Participant is provided a ‘Participant information sheet’, which they can take home. 

This outlines: 

• What the study is about 

• Duration 

• Confidentiality 

• Right to withdraw 

• Contact details 

• Participant is provided an ‘Informed consent’, which they sign and return to the 

researcher. 

• Participant commences questionnaires used in study 
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SIKA 2017 BRIFINGS 

BRIEF FOR PARTICIPANTS – GOOD SCENARIO 

Once the participant has entered, they will be fitted with the equipment including the watch, 

the eyewear (TBC) and provided with a Shooting Cinema firearm (after asking if they shoot 

right or left-handed).  

Once they are ready, they will be read a script below. 

SCRIPT 01 - LOW PRESSURE SCRIPT (PURPOSE: to reduce any perceived pressure 

(other than the simulation). Maybe even encourage the hunter not to shoot at all!) 

BRIEF FOR PARTICIPANTS – GOOD SCENARIO 

“You are hunting deer only. It is the last day of a very successful hunt. You have exceeded 

your expectations and have harvested enough deer to last you quite a while. You fellow 

hunters back home will be amazed at what you have bagged this weekend. You know if you 

shoot any more the purpose will be for a trophy only or to provide friends or extended family 

the meat. However, you hear a noise up ahead grabs your attention, and you must decide 

what to do”. 

Karl then enquires how the hunter is going to let Karl know he has spotted something in the 

bush (e.g. hand gesture, whisper etc.). Karl advises the hunter to make sure they do this the 

moment they spot something. The script continues …. 

“Whilst this simulation may not represent the bush environment, we would like you to treat it 

as though you were really there to the best of your abilities. There is no judgment on your 
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behaviour, your actions or your words here. Be yourself, immerse yourself into the 

environment and enjoy. Do you have any questions?” 

BRIEF FOR PARTICIPANTS – BAD SCENARIO 

Once the participant has entered, they will be fitted with the equipment including the watch, 

the eyewear (TBC) and provided with a Shooting Cinema firearm (after asking if they shoot 

right or left-handed).  

Once they are ready, they will be read a script, draft below – I could do with your input to 

make the scenario as realistic as possible. 

 “You are hunting deer only. It is the last day of a dismal hunt. You cannot believe an area 

you and your mates know to have a lot of deer, has been so barren this time. The one chance 

of shooting a deer you missed at 25 metres after pulling your shot. Your mates and your 

partner expect you will come home with enough meat to stock the freezer and even give some 

away. It is clear this is not going to happen this time and you are likely to be the laughing 

stock for a while. You have barely an hour before you start heading home and decided to try 

one last time and go for a short walk. Suddenly, you hear a noise up ahead grabs your 

attention, and you must decide what to do”. 

Karl then enquires how the hunter is going to let Karl know he has spotted something in the 

bush (e.g. hand gesture, whisper etc.). Karl advises the hunter to make sure they do this the 

moment they spot something. The script continues …. 

“Whilst this simulation may not represent the bush environment, we would like you to treat it 

as though you were really there to the best of your abilities. There is no judgment on your 
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behaviour, your actions or your words here. Be yourself, immerse yourself into the 

environment and enjoy. Do you have any questions?” 

DEBRIEF SCRIPT 

Once you leave here, I would like you to complete this short questionnaire (Karl hands the 

questionnaire to the hunter). It is vital you complete all questions appropriately to ensure you 

are entered into the competition. Please hand the questionnaire to the assistant outside when 

you have finished. Before you leave though, do you have any questions or concerns? 

Hand the debrief questionnaire to participant to complete outside 
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SIKA 2018 BRIEFINGS 

“You are about to go through a simulated hunt where you are hunting for 

deer. We are in the roar and there are a lot of deer roaming about. You are 

welcome to shoot any deer you spot when you are comfortable enough to 

take the shot. If you shoot the video will pause momentarily showing you 

where you shot – the video will then continue. PLEASE DON’T TRY TO 

SHOOT THE SAME DEER TWICE.  

Whilst this simulation may not represent the bush environment, we would 

like you to treat it as though you were there to the best of your abilities.  

There is no judgment on your behaviour, your actions or your words here. 

Be yourself, immerse yourself into the environment and enjoy. Above all 

else signal when you spot your first stag. Do you have any questions?” 

 

After the simulation 

 

Once you leave here I would like you to complete this final questionnaire. 

It is vital you complete all questions appropriately to ensure you are 

entered in the draw. Please hand all the questionnaires to the assistant 
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outside when you have finished. Before you leave though, do you have any 

comments, questions or concerns? 
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SIKA 2019 BRIEFINGS 

You are about to go through a computer test. 

All the instructions are on the screen. 

If you have any difficulty, please raise your hand and a researcher will 

come. 

Please read the instructions carefully. 

When you are ready place the headphones on your head and press the 

spacebar on the keyboard to commence the test. 
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Appendix E - The Revised Hunting FRAM following additional functions and adjusting their placement to ensure all aspect labels can be seen (printable on A3) 
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