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General Abstract 

In England and Wales alone, nearly 700,000 incidents of burglary or attempted burglary 
were recorded last year. With the financial costs only increasing, and the severe extent of the 
emotional costs for victims, it is clear that additional burglary-prevention research is necessary. 

This thesis sets out to establish a novel method of crime prevention: Training householders 
to better understand burglary risk using Virtual Reality. Chapter 1 introduces this topic, and 
emphasises the current gaps in householders’ burglary risk knowledge (relative to expert burglars). 
Chapters 2 and 3 help provide further empirical evidence for the need of a novel training method by 
assessing householders’ level of burglary risk knowledge through their placement of valuable items 
around a virtual house (chapter 2), and their assessment of a virtual neighbourhood for 
environmental burglary risk cues (chapter 3). In chapter 2, it was found that householder item 
placements largely conformed to known burglar expectations about where specific items are located 
(e.g. placing jewellery in the bedroom). In chapter 3, householders were only able identify a small 
number of salient visual burglary cues, and overestimated the deterrence of an alarm whilst failing 
to identify the vulnerability of corner houses or rear access. Both of these studies demonstrate 
householders limited understanding of burglary risk.  

Chapters 3 and 4 outline the novel VR training method, and assess its effectiveness in 
increasing householder risk knowledge (chapter 3) without significantly increasing fear (chapter 4). 
Householders were randomly assigned to one of three training methods. Two groups were asked to 
enter a virtual neighbourhood of houses and were guided by an experimenter to assess burglary risk 
in a scripted training sequence. To further assess benefits of immersion, one group of participants 
were trained whilst wearing a VR headset, whilst another group were trained on a computer. These 
groups were compared to a control group who were trained using a webpage of crime prevention 
information. It was found that those who received the VR training performed significantly better on 
a subsequent mock burglary task, being more likely to enter through the rear of an end of terrace 
property, and being more likely to target smaller high value items. They also demonstrated no 
increase in fear (from pre-post-test measures) and a significant increase in perceived control.  

Overall, this thesis outlines the benefit of using VR to increase householder knowledge of 
burglary risk. This thesis contributes to the general discussion on how VR can be used as a training 
tool in scientific fields, expanding this discussion to the field of burglary research. This in turn also 
contributes to the ongoing establishment of VR as a beneficial tool in criminogenic research.  
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Out of all the offences that comprise the yearly crime figure, none may be more concerning 

to members of the public than residential burglary (De Lisi, Nelson, Vaughn, Boutwell, & Salas-

Wright, 2016). Many researchers have argued that residential burglary is the crime for which 

homeowners demonstrate the most fear (Bullock, Chowdhury, & Hoolings, 2009; Warr, 2000), 

particularly those who live in greater poverty, or who have previously been victims of any property 

crime (Chon, & Wilson, 2016). To some extent, this fear is justified, with some studies demonstrating 

a prevalence rate of around 356,000 incidents of residential burglary per year in the UK, and 

anywhere between 1.9 million and 3.7 million incidents pear year in the USA (Adelman, Reid, 

Markle, Weiss, & Jaret, 2017; Kuhns, Blevins, Bolin, & Cambareri, 2017; The Office for National 

Statistics, 2020; Truman, Langton & Planty, 2013).  

The general public’s concerns regarding residential burglary are not just driven by the high 

prevalence of the crime, but also by the severity of the consequences associated with this particular 

offence (Jackson, 2005; Nee, 2015). In terms of financial costs, it is suggested that victims of burglary 

lose an average of £2420 worth of goods per incident (Shaw, Morgan, Mineva, Hoare, and 

Stevenson, 2015), whilst research has also demonstrated high psychological and physical costs 

associated with burglary victimisation. For example, Beaton, Cook, Kavanagh, and Herrington (2000), 

found that victims of burglary scored lower than matched control groups on self-reported measures 

of mood and general health for up to 6 weeks following the crime. Alternative research papers have 

supported such findings (Lurigio, 1987; Shapland, & Hall, 2007; Wollinger, 2017), with some even 

claiming the effects are more long term than those seen in the work of Beaton et al. (2000).  For 

example, Maguire (1980) found that emotions such as anger, distress, fear, and sadness manifested 

in victims shortly after a burglary, but were still present many months after the initial crime had 

taken place. Further research has also shown that victims of residential burglary can develop 

symptoms of Post-Traumatic Stress Disorder (PTSD) comparable to victims of violent crime (Angel et 

al., 2014; Kunst, Rutten, & Knijf, 2013, Zlotnick, Franklin, & Zimmerman, 2002). Typically, these 

symptoms appear to last anywhere between a few days and a few months, but in some cases, can 

develop into an officially diagnosed long-term mental illness (Angel et al., 2014). However, 

regardless of the severity and length of any issues, PTSD symptoms can also lead to physical issues 

such as an increased risk of heart disease, sleep disorders, and respiratory problems (Boscarino, 

2008; Kubzansky, Koenen, Spiro, Vokonas, & Sparrow, 2007; McLeay et al., 2017) as well as social 

issues, such as a mistrust of friends and neighbours (Shapland, & Hall, 2007), and a need to move to 

a new social area (Wollinger, 2017).  
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Altogether, between the relatively high likelihood of experiencing a residential burglary, and 

the negative costs incurred as a result, there is substantial justification for the general public’s high 

level of concern regarding this particular crime. Given this concern, there is a clear and pressing 

need to further protect members of the public from this crime, by generating new burglary 

prevention techniques. With this need in mind, the current chapter of this PhD thesis will seek to 

review prevailing empirical and theoretical research into the role of householders and the behaviour 

of residential burglars during the offence chain. By reviewing such research, this chapter will 

generate a detailed understanding of burglar behaviour during a crime, and will discuss relevant 

gaps in the literature, specifically with regard to householders’ current knowledge of burglary risk. 

Using these gaps, possible methods of training householders to improve their understanding of 

burglary risk will be discussed. Finally, previous research will be drawn together to provide an 

overview for the current PhD thesis.  

The role of householders in the burglary offence chain  

One crucial and somewhat neglected area for strengthening burglary prevention is to further 

understand the role of householders in disrupting burglar decision making. Both the rational choice 

(Cornish, & Clarke, 1987) and routine activities (Cohen, & Felson, 1979) frameworks highlight that 

burglar behaviour is influenced by their analyses of suitable targets, as well as the capability of any 

nearby guardians (Cohen, & Felson, 1979; Cornish, & Clarke, 1987). As householders are largely 

responsible for the security of their residence, and can provide guardianship over their 

neighbourhood, they have the capacity to influence these offence-related factors, and therefore can 

play a key role in burglary prevention (Cohen, & Felson, 1979; Felson, 1995; Reynald, 2009). 

Early correlational studies were the first to highlight a potential deterring role of 

householders in burglary offences, with many analyses of crime survey data demonstrating 

significant decreases in victimisation for neighbourhoods in which people were spending more time 

at home (Cohen, & Felson, 1979; Garofalo, & Clark, 1992; Lynch, & Cantor, 1992) as well as 

neighbourhoods that demonstrated greater levels of physical security measures, such as locks and 

motion activated lights (Budd, 1999; Forrester, Chatterton, & Pease, 1988; Wilcox, Madensen, & 

Tillyer, 2007). These relationships were particularly prevalent in lower income areas, with increases 

in security being shown to confer greater preventative benefits on poorer houses compared to more 

affluent neighbourhoods (Tilley, Tseloni, & Farrell., 2011). More recently, studies have championed 

the importance of householders maintaining a continuous and active role in the preventative 

process. Research has demonstrated drops in recorded crime rates across streets exhibiting larger 

levels of observed monitoring and intervention by householders (Hollis-Peel, & Welsh, 2014; Moir, 



 
18 

 

Stewart, Reynald, & Hart, 2017; Reynald, 2009), particularly those in higher income, homogenous 

communities (Wickes, Zahnow, Shaefer, & Sparks-Carroll, 2017). In one recent experimental virtual 

reality (VR) study, van Sintemaartensdijk et al. (2020) found that the mere presence of virtual 

guardian avatars significantly disrupted offender perceptions of target viability. These findings give 

support to the idea of householders as a deterring force, however the limited experimental work 

suggests the need for further research.  

Further insight into householders’ role in the burglary offence chain can be generated by 

examining the Crime Survey of England and Wales (CSEW). This data indicates a rise in the adoption 

of household security devices over the last 25 years (Tseloni et al., 2018), with recent reports 

suggesting that over 96% of sampled householders possessed at least one household security device 

(e.g. locks on windows, motion activated lights CCTV; Tseloni, Thompson, Grove, Tilley, & Farrell, 

2017). The presence of security has frequently been cited as a factor that can deter burglars during 

target selection (Bennett, & Wright, 1984; Nee, & Taylor, 2000; Palmer, Holmes, & Hollin, 2002) 

whilst higher (and more sophisticated) levels of security measures have been associated with lower 

levels of burglary prevalence (Farrell, Tseloni, Mailley, & Tilley, 2011; Johnson, Davies, Murray, Ditta, 

Belur, & Bowers, 2017). These findings are encouraging, suggesting that householders possess some 

understanding of burglary risk, and (more importantly) can take necessary action to reduce their 

vulnerability. However, empirical research into burglar target selection has shown this process to 

concern more than the perception of physical security. According to this work, offender appraisal is 

influenced not only by security, but also cues relating to wealth (such as the size of a house, or the 

decor; Logie, Wright, & Decker, 1992; Nee, & Meenaghan, 2006), the layout of the house (such as 

the presence of cover, or rear access; Nee et al., 2019) and occupancy (such as the presence of a car, 

or movement in the house; Coupe, & Blake, 2006; Nee, & Taylor, 2000).  

The complexity of offender target processing presents a worrying outlook for householders’ 

ability to understand risk. For example, despite an increase in uptake by householders, security 

devices regularly appear as the least important (Clare, 2011; Palmer et al., 2002) or least frequently 

discussed environmental cues among offender participants when selecting a target to burgle (Nee, & 

Meenaghan, 2006). Burglars appear aware of recent increases in security, but know they can exploit 

householder error (e.g., leaving a window open) in order to gain access to a property (Nee, & 

Meenaghan, 2006). Furthermore, security has sometimes been shown to increase burglary risk, with 

factors such as alarms (Tilley et al., 2015), and double glazing (Nee, & Meenaghan, 2006) being 

indicators of valuable items inside a property.  
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Altogether, these findings suggest that householders can play a notable role in reducing the 

chance of burglaries around their own property, and local neighbourhood, through guardianship and 

securing their residence. However, a limiting factor to this benefit could be the contrast between the 

behaviour of householders, and the perceptions of burglars, indicating that householders may not 

possess a suitable level of knowledge regarding burglary risk to take suitable preventative action. If 

this were true, there would be a need for further training to improve householders’ understanding 

of burglary risk, and prompt them to engage in more effective preventative behaviours. The main 

aim of this thesis is to examine householders level of burglary risk knowledge and to generate 

optimal ways of improving householders’ risk understanding for future burglary prevalence 

reduction. 

An Understanding Of Burglar Behaviour: Interviews, Experimental Research and Environmental 

Criminology.  

Little attention has been paid to understanding the role of householders in offender-based 

research. Much of the focus has been on understanding burglars’ decision making processes during a 

crime, with householders often used as a control group, or novice comparison group (relative to the 

expertise possessed by burglars). To understand where gaps may lie in householders’ understanding 

of burglary risk, it is necessary to examine burglar behaviour in further detail, and provide an 

overview of any comparison studies between expert offenders and novice householders.  

Interviews and ethnographic research and environmental criminology 

Over the last few decades, researchers have employed a wide variety of methodological 

techniques in an effort to better understand burglar behaviour. One of the earliest methodologies 

involved interviews with incarcerated burglars, asking them to discuss their target selection 

behaviours (Bennett & Wright, 1984) these interviews were supplemented by experiments involving 

photographs and videos. In one such early study burglars typically described their selection 

behaviour as systematic or automatic, and stated cues that were said to affect target selection. such 

as ease of access and perceived risk of getting caught (Bennett & Wright, 1984). Similar findings 

were reported by Maguire and Bennett (1982), Nee and Taylor (1988), and Wright and Logie (1988). 

This research also revealed that burglars selected houses based on indicators of wealth and position 

on the street, with wealthy, end of terrace houses being preferred over houses in the centre of the 

terrace demonstrating low affluence.  

Nee and Meenaghan (2006) aimed to replicate these findings, whilst also identifying 

whether burglars displayed any patterns of behaviour whilst inside a target house. They asked 50 

experienced burglars to discuss how they would commit a typical burglary, from target selection and 
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searching the property through to the disposal of stolen goods. In line with previous research, Nee 

and Meenaghan (2006) demonstrated shared patterns of target selection behaviour across burglars, 

with participants typically assessing houses for many of the factors described above (wealth, 

occupancy, access, and risk of getting caught).  Once inside the property, participants searched adult 

bedrooms first (with priority given to the master bedroom), aiming to steal small, easy to conceal 

items (like money and jewellery). Rooms with little perceived value (e.g., bathroom) were not 

typically entered.  In addition, most burglars described their behaviour once inside the property as 

speedy and automatic, with very few burglars reporting a high level of focus whilst searching a 

target. Based on this, it was concluded that searching behaviour, like target selection behaviours, 

occur with some level of automaticity, and follow certain patterns that are shared across different, 

but experienced, burglars. 

The target selection behaviours of burglars have been further demonstrated across other 

research methodologies, such as ethnographic research (Bennett & Wright, 1994), and the field of 

environmental criminology (Brantingham & Brantingham, 1981). These studies also demonstrated 

that burglars typically target wealthy, accessible houses, but avoid residences in which detection is 

more likely (Bennett, & Wright, 1994). Burglaries were found to concentrate in specific areas based 

on: the affluence of the area, the ease of accessibility to targets, and the degree of security around a 

potential target (Bernasco, 2006; Bernasco, & Niewbeerta, 2004; Brantingham, & Brantingham, 

1995; Malczewski, & Poetz, 2005). The consistency of these target selection behaviours 

demonstrates shared patterns of offender behaviour independent from any singular research 

methodology, and highlights several ways in which burglars are exploiting householder behaviour 

(e.g. where householders leave their valuables, or whether they secure the exterior of their house) 

in order to commit crimes.  

Experimental research and comparison studies 

Limitations of interview and ethnographic methodologies, such as issues with social 

desirability, interviewer bias, memory distortion and lack of detail (Henkel, 2004; Lindsay, 1994; Tan, 

& Grace, 2008; van Gelder, Otto, & Luciano, 2014) have led researchers to explore alternative 

methodologies for studying burglary. The use of experimental mock burglaries (e.g., Nee & Taylor, 

2000), in which participants are asked to explore a simulated neighbourhood, engaging in burglary 

behaviour that could be observed by a researcher allows for burglar behaviour to be measured in a 

more realistic setting (compared to previous research) and in real time, eliminating the previous 

reliance on memory to obtain results (Meenaghan, Nee, van Gelder, Otte, & Vernham, 2017). Mock 

burglaries also provide researchers with greater control over experimental variables (such as the 
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makeup of a neighbourhood, the items in a house, the time of day etc.) Being able to easily alter 

variables within the burglary setting allows researchers to simulate many different types of burglary 

environments, which in turn provides an empirical method of assessing how burglar behaviour varies 

across different situations (Meenaghan et al., 2017). Due to these control benefits, experimental 

methods also allow for direct comparisons between burglars and householders (e.g., in a simulated 

task), enabling a greater insight into householders understanding of burglary risk to be obtained.  

 

Early experimental studies (Nee, & Taylor, 2000; Taylor, & Nee, 1988) attempted to recreate a 

neighbourhood using a series of maps and pictures. In these studies, participants (experienced 

burglars and novice householders) were encouraged to ‘walk around’ the neighbourhood (by calling 

up different slides) and discuss what attracted them or deterred them from each house. Similarly to 

other target selection literature (Bennett, & Wright, 1984; Nee, & Meenaghan, 2006; Wright and 

Decker, 1994), these experimental studies found that the position of the house, the perceived 

affluence, and the presence of security features were important factors in determining target 

selection behaviour in burglars. Whilst householders were able to notice the security features, they 

did not highlight the relevance of wealth cues, or the vulnerability of corner houses, demonstrating a 

notable variation from the experienced offenders. Furthermore, the routes taken by burglars around 

the neighbourhood were much more systematic and discriminative compared to the householders. 

These findings support the idea that householders do not possess the same burglary knowledge as 

burglers, which limits their appraisal of vulnerabilities within a simulated neighbourhood. Similar 

results were demonstrated in other experimental methodologies in which burglars and 

householders were asked to identify burglary related cues from a series of house photographs. 

Burglars showed a preference for the presence of a fence or hedge (which could be used as cover), 

whilst being dissuaded by the presence of a car (which signified occupancy; Logie, Wright, & Decker, 

1992; Wright, Logie, & Decker, 1995). Householders on the other hand showed no such preferences, 

largely ignoring these cues, and overestimating the importance of security features. Householders 

appeared to lack the same mental schemata or behavioural scripts as burglars, and did not possess 

the same level of offence-related knowledge.  

More recently, VR has been used to simulate mock burglaries (Nee et al., 2015; Nee et al., 

2019). VR methodologies are said to reinstate the contextual cues of an event, by simulating realistic 

criminogenic environments; thus enabling participants to respond to stimuli similarly to how they 

would in a real life situation (van Gelder, de Vries, Demetriou, van Sintemaartensdijk, & Donker, 

2019). This in turn allows researchers to measure behaviour in real time, with a high level of 

experimental control, and in a more ecologically valid setting (van Gelder, Otto, & Luciano, 2014). In 
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one study by Nee et al. (2015), experienced burglars and novice students were asked to complete a 

mock burglary in a real house, and another mock burglary inside a virtual representation of the 

house rendered on a computer. Participant’s behaviours in the ‘real’ and ’virtual’ house (such as 

routes taken, items stolen and other searching strategies) were measured. This study replicated the 

results of previous burglary research (e.g., Nee, & Meenaghan, 2006), with burglars typically starting 

their search in the bedrooms and targeting small concealable items, before working their way down 

to the living areas. Additionally, the range of routes taken across burglars was narrower than the 

range of routes taken by non-burglar controls, which was argued to be indicative of the systematic 

and automatic behaviour described in previous research (Bennett & Wright, 1984; Nee, & 

Meenaghan, 2006). Perhaps most importantly, results from the virtual environment were similar to 

those in the real-life burglary task, suggesting that the simulated behaviours were reflective of actual 

offence behaviours. This latter finding indicates that a virtual method of simulating an offence is a 

valid and reliable measure of real-world burglary behaviour, a conclusion that has since been 

substantiated in more recent virtual burglary research (Meenaghan et al., 2017).  

Nee et al. (2019) expanded on the experimental VR research, by allowing burglars and non-

offenders to explore a simulated neighbourhood of five houses, before selecting one of the houses 

to burgle. Burglars were found to be systematic in their appraisal of the neighbourhood, scoping a 

greater distance in less time compared to the more haphazard non-offenders. Burglars were also 

more likely than non-offenders to target end of terrace houses, affluent houses, and those with rear 

access. Burglars took more systematic routes through the property, often prioritising the high value 

first floor (particularly the master bedroom), before moving towards the living room, and typically 

ignoring areas such as the bathroom or nursery; burglars also tended to steal smaller and lighter 

items. Non-offenders showed no such navigational patterns in their searching behaviour, often 

stealing lower value or bulkier items and not recognising high-value rooms. Altogether, the disparity 

between these two groups further supports the conclusion that non-offenders are burglary 

‘novices’, who do not understand the cues processed by burglars during an offence. This gap in 

understanding the behaviours and cognitions of burglars represents an issue that needs to be 

overcome in order to aid householders in effectively reducing burglary offences.  

Collectively, comparisons between offenders and householders suggest that the latter lack a 

fundamental understanding of how the former operate. It is therefore likely that many individuals 

are unable to take necessary preventative action to reduce their victimisation risk (Nee et al., 2019). 

In fact, it would be logical to assume that this lack of understanding is currently facilitating burglary 

offences, with householders unknowingly engaging in the very behaviours that offenders exploit 

when committing their crimes. This presents a clear direction for improving future prevention 
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methods, which should aim to reduce the knowledge gap between householders and offenders, and 

train householders to reduce opportunities for burglars within their neighbourhood. This is the main 

aim of the current thesis, and will be explored in detail in subsequent chapters. However, it should 

be noted that no study has, as of yet, directly demonstrated that householders lack the abilities to 

assess risk and engage in correct preventative behaviours. Instead, it is merely implied based on 

their (in)ability to commit mock crimes. Additionally, the small sample sizes of householders used in 

previous research has limited the generalisability of findings, with researchers typically recruiting 

smaller groups (e.g. Taylor, & Nee, 1988; Logie et al., 1992; Wright et al., 1995), and mostly using 

control groups from dramatically different backgrounds to the offenders (such as students or 

affluent householders e.g. Nee & Taylor, 1988). As a result, householders have often been treated as 

one homogeneous group, with no in-depth examination of potentially salient differences across 

different demographics. The role of context in burglary risk is already well documented, with certain 

groups (namely lower income and student groups) being more vulnerable to burglary than other 

populations (Barberet, & Fisher, 2009;  Tseloni, Wittebrood, Farrell, &, Pease, 2004). Additionally, it 

is clear that perceptions of burglary risk alter as a result of the experience possessed by an individual 

(Clare, 2011; Nee, & Ward, 2015). It therefore stands to reason that certain demographic groups 

(who may have differing levels of experience with burglary) may perceive risk differently, and 

therefore may demonstrate varying levels of target selection knowledge. These limitations helped 

shape studies one and two of this thesis (see chapters 2 and 3), which assessed burglary risk 

perception in a large group of householders, and examined demographic differences in burglary 

knowledge across students, and high/ low income non-students.  

VR methodology has the potential to provide levels of analysis previously unseen in 

householder-focused research. Real-time behavioural data can be measured alongside detailed 

verbal responses, to provide an in-depth understanding of householder target selection knowledge 

(Meenaghan et al., 2018). However, researchers using VR have yet to examine householders in this 

level of detail. With that in mind, this thesis will provide a detailed analysis of the types of cues 

householders favour during target selection, using a large sample of householders and featuring a 

virtual environment with multiple houses to induce an immersive, contextually relevant setting.  

Impact on burglary prevention: Burglars as experts  

Overall, the studies discussed thus far outline burglary behaviour and the potential gap in 

householder knowledge regarding burglary risk. However, an understanding of behaviour alone is 

not enough to help develop effective prevention methods. Nee and Taylor (2000) highlight that 

burglar behaviour is not static; it can differ across incidents as a result of complex cognitive 
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assessments made by an offender before, during, and after a criminal event. Therefore, in order to 

generate effective prevention methods, a greater understanding of these underlying cognitions is 

essential.  

In a recent effort to provide this understanding, Nee and Ward (2015) used ideas rooted in 

cognitive psychology to develop a ‘dysfunctional expertise’ model of burglar decision-making. 

According to this theory, burglars have, through repeated experience, built up the skills and domain 

specific knowledge needed for the successful completion of a burglary. As shown in research 

(Bennett, & Wright, 1984; Nee, & Taylor, 2000; Nee et al., 2015; Nee, & Meenaghan, 2006), they 

appear to know which environmental cues are indicative of a suitable target, and how to best 

navigate a house to ensure optimal gain. They are therefore said to possess a level of functional 

expertise (termed dysfunctional expertise in this case, given the negative outcome and socially 

unacceptable behaviour of burglary), which gives them a greater ability than novices in this specific 

field. This ‘dysfunctional expertise’ model also postulates that the frequent practice of successful 

actions, strategies and cognitions allow burglars to develop similar and complex burglary related 

cognitive schemas, which act as a mental template for effective burglary behaviour.  It is proposed 

that burglars access these schemas automatically during the burglary process, which allows them to 

quickly process environmental cues (such as cues to wealth, security and occupancy) and allows for 

the unconscious execution of certain behaviour scripts (e.g. how to navigate a property); thus 

allowing burglars to commit crimes quickly and efficiently. This would explain the automatic and 

patterned nature of target selection and searching behaviours described in previous research (e.g. 

Nee, & Meenaghan, 2006) and would also help explain the gap identified in householder burglary 

risk knowledge (e.g. Nee et al., 2019). Householders will not possess the same level of burglary 

experience as an offender, and thus likely do not possess the mental schemata to accurately 

perceive vulnerabilities. If householders do not understand the type of items that burglars wish to 

take, then they cannot assess whether their items are in danger of being stolen, and thus will not 

take necessary preventative action to reduce their risk (Nee, & Ward, 2015).  

Altogether, the dysfunctional expertise model yields important findings for improving 

householders’ understanding of risk, and reducing burglary prevalence. First, as dysfunctional 

experts, burglars should suffer from a range of processing deficiencies that have been shown to 

affect experts in other fields (Ericsson, & Lehmann, 1996; Kahneman, & Klein, 2009; Nee & Ward, 

2015). By exploiting these deficiencies, it may be possible for householders to disrupt burglar 

behaviour.  For example, research has shown that when experts are presented with new information 

that contrasts with their existing schema, it can cause a notable reduction in the proficiency of that 

expert’s relevant abilities (Dror & Charlton, 2006; Dror, Charlton & Peron, 2006). This can be seen in 
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the work of Wollett and Maguire (2010) who demonstrated that the navigation ability of expert taxi 

drivers can be inhibited when they encounter a new area of London that is not part of their existing 

navigational schema. Based on this information, if a burglar were to be presented with a house in 

which there were many new or atypical features (such as objects located in unusual areas of the 

house) then it could lead to a disruption in the use of their typical burglary related cognitive schemas 

(Nee, 2015). This in turn could cause an inhibition in their target searching skills, and thus a 

reduction in their ability to undertake an effective burglary; it may even cause the burglar to become 

anxious and unsure, forcing them to abandon the house altogether (Nee, & Ward, 2015). However, it 

should be noted that no empirical study has, as of yet, tested this link between expertise disruption 

and burglary prevention. Thus, it is unclear whether such methods would actually be effective. 

The dysfunctional expertise model highlights the need for a behavioural component in 

future burglary prevention. Effective prevention training methods should go beyond simply 

describing burglar behaviour, providing householders with the ability to practice prevention 

behaviours in a contextually relevant setting, such as a neighbourhood. This would allow 

householders to respond to stimuli in real time with appropriate cognitions and strategies, leading 

to more complex burglary prevention schemas. VR may offer one method of achieving this. The use 

of VR methodologies has become increasingly prevalent in contemporary criminal justice literature 

(Cornet & van Gelder, 2020), offering researchers unprecedented opportunities to simulate 

criminogenic events, as well as measure behaviour in real time (van Sintemaartensdijk et al., 2020). 

Such methods are said to recreate the contextual cues of an event, evoking more realistic cognitions, 

emotions, and behaviours compared to traditional methodologies (Cornet & van Gelder, 2020; Nee 

et al., 2019). This can also lead to changes in real-world emotional states or behaviour upon exiting 

the simulation (Seinfeld et al., 2018). The benefits of VR have been seen across many research fields, 

with literature into aviation safety (Buttussi & Chittaro, 2019), fire safety (Backlund, Engstrom, 

Hammar, Johannesson, & Lebram, 2007), and medicine (Gurusamy et al., 2009) demonstrating the 

benefits of this method as a training tool to improve behaviour and motivation. For example, 

Makransky, Borre-Gude, and Mayer (2019) compared immersive VR (with a headset) against a 

computer-based simulation and a text-based simulation for teaching laboratory safety to 

undergraduate students. Participants were assigned to one of the training tools, before being tested 

on motivation, behavioural acquisition, knowledge retention, and self-efficacy.  They found increases 

in behavioural performance in regards to lab safety for those in the VR group and computer group 

over the text group, as well as increases in enjoyment, self-efficacy and motivation in the same 

direction. This study demonstrated the ability of VR as a highly engaging and effective training tool 

that can produce behavioural improvement over that of more conventional methods. However, no 
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study has yet used VR as a training tool in burglary prevention. Assuming that previously described 

limitations with householder research can be overcome, there is a clear need to examine the 

potential of VR training methodologies in improving householders’ understanding of burglary risk. 

This will be explored in studies three and four of my thesis (chapters 4 and 5). 

Outline of thesis 

Previous research (Logie et al., 1992; Nee et al., 2015; Nee et al., 2019) has demonstrated 

that householders lack the patterned and systematic behaviour of burglars, leading to gaps in their 

knowledge of burglary risk. This has led to householders failing to identify certain burglary cues 

when compared to offenders in simulated environments and other experimental tasks. It is also 

possible that this lack of knowledge about burglary risk is leading to householders, unknowingly, 

creating opportunities for burglars in their own neighbourhoods. Given the high prevalence and 

costs associated with burglary (Angel et al., 2014; The Office for National Statistics, 2020) there is a 

clear need to address this gap in householder knowledge through the development of additional 

burglary prevention training. The overall aim of the current PhD thesis was to generate optimal ways 

of improving householders’ risk understanding, and provide them with the knowledge to reduce 

burglary risk around their own properties. Specifically, this thesis wanted to assess the training 

potential of VR methodologies for burglary prevention.  

Using the ideas presented in the above research, the aim of the first two studies was to 

overcome the limitations of previous householder literature, and provide a more in-depth empirical 

baseline for householders’ knowledge of burglary risk. Study 1 and Study 2 aimed to assess 

differences in burglary risk knowledge across a large sample of householders, divided into either 

students or non-students; the latter group was also sub-divided into higher or lower income non-

students. This statistically-powered sample allowed for a more valid insight into householders’ 

knowledge of burglary risk, whilst the three groups allowed for differences in householder 

knowledge to be assessed across different demographics. Each chapter was written to be 

independent of all other chapters, therefore there will be some repetition across the thesis, as well 

as a reference section at the end of each chapter.  

In study 1 (Chapter 2), participants were asked to enter a virtual house, and imagine they 

were living in the property. They were required to place a number of valuable items (e.g. jewellery, 

passport, money) around the house so that it best reflected where they would typically store these 

items. Placements were analysed to ascertain the extent to which householders were considering 

burglary risk when organising these valuable items inside a property. It was found that householders 

were organising items in a manner that conformed to burglars’ expectations regarding the locations 
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of their desired valuables (e.g. placing the jewellery box in the bedroom, or the small electrical goods 

in the living room).  This study provided the first instance of measuring householders’ knowledge of 

burglary risk in a setting that is more reflective of their actual behaviour, as opposed to conducting a 

mock burglary (which is a scenario few householders will find themselves in). 

In study 2 (Chapter 3), participants were asked to appraise (in terms of burglary risk) the 

exteriors of five houses in a simulated neighbourhood. They were asked to examine the 

neighbourhood and verbalise factors that they believed would attract or deter burglars from the 

properties. Participants’ verbalisations, their behaviour in the virtual environment, and their 

rankings of burglary cues were assessed to provide insight into their understanding of risk around 

the exterior of a property and around the neighbourhood. It was found that householders’ 

demonstrated a limited ability to assess burglary risk, overestimating the importance of security 

cues, and not understanding the vulnerability of corner properties or rear access.  

Having established an empirical baseline for householders’ understanding of risk from 

studies 1 and 2, the next aim of this thesis was to examine the effectiveness of VR methods for 

increasing the general public’s understanding of burglary risk within a simulated residential setting. 

This was achieved through the completion of studies 3 and 4.  

In Study 3 (Chapter 4), participants were divided into three groups, based on the type of 

training they received. One group acted as a control condition, and they were asked to learn crime 

prevention advice by reading an informational webpage. The other two groups were sub-divided 

based on the type of VR training they received. One group were trained through full immersion in a 

simulated neighbourhood using an HTC Vive Virtual Reality Headset; the other group experienced a 

simulated neighbourhood through a computer monitor. Crime prevention advice was administered 

verbally by the experimenter whilst the participant was present in the environment.  After training, 

participants’ understanding of burglary risk was measured by assessing their performance in a 

simulated mock burglary task. This was the first study to assess the viability of VR as a burglary 

training tool, and was able to demonstrate the superiority of VR training methods over more 

traditional written text. Participants who received VR training were significantly more likely to steal 

from corner properties, stole significantly more small, high value items and were significantly more 

likely to enter and exit via the rear of the property.  

Study 4 (Chapter 5) completed the examination of VR as a prevention tool by investigating 

any changes in participants’ fear of burglary as a result of engaging in the training. There is both 

evidence to suggest security awareness can lead to decreases in fear (Lee, & Hilinski-Rosick, 2011), 

and evidence that awareness leads to exaggerated perceptions of risk, which itself can increase fear 
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(Barbaret, & Fisher, 2009). It was necessary to examine the impact of VR training on fear in order to 

make fully informed decisions regarding the future use of such prevention methodologies. It was 

found that the VR training method did not significantly increase worry of burglary (compared to 

computer based or written methods) and significantly increased perceptions of control from pre-

post training. Based on these results, alongside the findings from study 3, it appears as though VR 

methodologies represent an exciting new method of training householders to understand burglary 

risk.  

The final chapter (Chapter 6) presents an overall discussion of thesis findings, considering 

implications for theory and practice. The limitations of the research within this thesis are also 

discussed, and used alongside the findings to provide suggestions for future VR research in the field 

of householder understanding of burglary risk.  
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Abstract 

 

Comparisons between burglars and householders (E.g. Nee et al., 2015) repeatedly demonstrate 

superior offender performance in mock burglaries and burglary related recognition tasks. Based on 

this, the current study proposes that householders struggle to identify burglary risk, and thus may 

leave opportunities around their houses for burglars to exploit. However, there is currently little 

empirical focus on householders’ understanding of burglary risk within previous literature. Using 

Virtual Reality (VR) 159 participants (comprised of students, higher income householders and lower 

income householders) placed a series of valuable items around a simulated house so that the 

placements best reflected how they would organise items in real life. In order to assess 

performance, placements were compared to known factors of burglary risk. All three groups of 

householders demonstrated a poor understanding of burglary risk, placing the majority of items in 

high risk areas (such as the master bedroom) and conforming to previous burglar expectations 

regarding the location of specific valuable items. Few differences were found between the three 

participant groups, although students appeared to demonstrate a somewhat lesser understanding of 

burglary risk by comparison. Implications for further burglary prevention training are discussed. 
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Introduction 

The last 30 years of burglary research have yielded substantial insight into the mechanisms 

that underpin a residential burglar’s decision to commit an offence (Nee, 2003). Indeed, many 

contemporary reviews highlight a wave of grounded, offender focused studies, which have built on 

one another to produce a validated body of knowledge regarding burglar cognition and behaviour 

during the offence process (Nee, 2003; Nee 2015).  With these advances in knowledge, as well as 

increases in the availability and affordability of security measures (Tseloni, Farrell, Thompson, Evans, 

& Tilley, 2017), it is of little surprise that burglary prevalence in the UK has declined by over 64% in 

the last few decades (Crime Survey for England and Wales, 2020; Tseloni et al., 2017). Despite this 

reduction in prevalence, burglary still remains a highly widespread and impactful crime (Amiri, 

Brooks, Vila, & Daratha, 2019; Meenaghan, Nee, Van Gelder, Otte, & Vernham, 2018) for which 

homeowners often demonstrate considerable fear (Warr, 2000). When considering the high financial 

and emotional costs of falling victim to burglary (Angel et al., 2014; Shaw, Morgan, Mineva, Hoare & 

Stevenson, 2015), it is clear that strategies to prevent and deter burglary are still needed, as is the 

research that underpins them.  

One important and somewhat neglected area for strengthening burglary prevention is the 

role of the householder in disrupting the offence chain. Both the rational choice (Cornish, & Clarke, 

1987) and routine activities (Cohen, & Felson, 1979) frameworks highlight that burglar behaviour is 

influenced by their analyses of suitable targets, as well as the capability of any nearby guardians. As 

householders are largely responsible for the security of their own residence, and can provide 

guardianship over their own property and others in the neighbourhood, they have the capacity to 

influence these offence-related factors, and therefore can play a key role in burglary prevention 

(Cohen, & Felson, 1979; Felson, 1995; Reynald, 2009). 

Despite their potential power in preventing crime, little direct focus has been given to 

householders in experimental studies, aside from their involvement as small control groups when 

examining offender behaviour. With this in mind, the current study will describe the results from a 

programme of research that examined householders’ understanding of burglary risk in greater depth 

(using a virtual reality (VR) methodology). Burglars have repeatedly reported (e.g., Nee & 
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Meenaghan, 2006) and recently demonstrated in VR (Nee et al., 2015; Nee, van Gelder, Otte, 

Vernham, & Meenaghan, 2019) that their actions within a property during a burglary are routine and 

automatic, and strongly driven by the habitual behaviour of householders regarding where they 

place objects. The current study is the first of its kind to utilise a large sample of three different 

categories of householder (higher income vs. lower income vs. students) and a VR methodology to 

empirically examine this routine placement behaviour by householders. As well as examining 

householder behaviour in general, specific participants have been grouped by demographics that 

demonstrate particular relevance in the field of burglary victimisation. Lower income householders 

are said to be at a greater risk of burglary than higher income householders (Osborn, & Tseloni, 

1998; Tilley, Tseloni, & Farrell, 2011; Tseloni, Wittebrood, Farrell, & Pease, 2004), and students are 

seen as more at risk than the general population (Barberet, Fisher, & Taylor, 2004; Barberet, & 

Fisher, 2009; McCreith, & Parkinson, 2004). Comparing these groups, will hopefully yield a greater 

level of specificity regarding the behavioural patterns (and consequent crime prevention lessons) of 

these vulnerable groups. Context for the current study is provided by first outlining pertinent 

research on guardianship, followed by germane research on burglars’ behaviour, with a specific 

focus on studies featuring comparisons with householder groups.   

Guardianship  

In Routine Activities Theory (Cohen, & Felson, 1979) guardianship is described as being 

exercised by individuals who can reduces the chances of a crime taking place through direct or 

indirect actions. Research into guardianship (e.g. Hollis-Peel, Reynald, Van Bavel, Elffers, & Welsh, 

2011) has provided a key insight into the disruptive effect householders can have on a burglary 

offence chain. This disruption can be through a householder’s presence in a neighbourhood, as well 

as intentional or unintentional behaviours (Hollis-Peel et al., 2011) 

Early correlational studies were  the first to highlight a potential deterring role of 

householders, with many demonstrating decreases in burglary victimisation for neighbourhoods in 

which people were spending more time at home (Cohen, & Felson, 1979; Garofalo, & Clark, 1992; 

Lynch, & Cantor, 1992; Stahura, & Sloane, 1988) as well as neighbourhoods that demonstrated 

greater levels of physical security measures, such as locks, alarms and motion activated lights (Budd, 

1999; Wilcox, Madensen, & Tillyer, 2007). These relationships were particularly prevalent in lower 

income areas, with increases in security being shown to confer significantly greater preventative 

benefits on poorer houses compared to more affluent neighbourhoods (Tilley, et al., 2011).  More 

recently, studies have championed the importance of householders maintaining a continuous and 

active role in the preventative process, with many researchers demonstrating significant drops in 
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recorded crime rates across streets exhibiting larger levels of observed monitoring and intervention 

by householders (Hollis-Peel, & Welsh, 2014; Moir, Stewart, Reynald, & Hart, 2017; Reynald, 2009), 

particularly those in higher income, homogenous communities (Wickes, Zahnow, Schaefer, & Sparks-

Carroll, 2017).  

Although this guardianship research gives credence to the idea that householders may act as 

a powerful tool in the deterrence of burglary, it should be noted that these studies are correlational, 

and thus suffer from issues involving causation, limiting the scope of any findings (van Bavel, & 

Elffers, 2013). Van Sintemaartensdijk et al. (2020) recently conducted a rare piece of experimental 

work exploring the effect of incremental levels of guardianship on burglars. They varied levels of 

presence of virtual guardians (guardian present, present with active monitoring, and present with 

intervention) as a large sample of convicted burglars scouted a virtual neighbourhood. Their findings 

supported the original notion of guardianship, suggesting that the mere presence of a guardian was 

enough to lower perceptions of the neighbourhood as a viable burglary target. These findings give 

further support to the idea of householders as a deterring force.  

Comparisons between burglars and householders 

Outside of guardianship literature, little attention has been paid to the role of householders 

in burglary prevention. Instead, much of the focus within research has been on understanding 

burglars’ decision making processes during a crime, which have been assessed through interviews 

(Bennett & Wright, 1984; Bernasco, & Luykx 2003; Mercan, 2019; Nee, & Meenaghan, 2006), 

ethnographic work (Wright, and Decker, 1994), and experimental mock burglaries (Meenaghan et 

al., 2018; Nee et al., 2019; Nee, & Taylor, 2000). However, a handful of these studies use 

householders as comparison groups, often to highlight and add context to any unique actions taken 

by burglars. From these comparison studies, it may be possible to obtain an understanding of the 

current role householders play within the burglary offence chain.  

Through the wealth of research into burglar decision making, it is clear that burglars, while 

often leading chaotic lives away from a criminal event (Farrington & Welsh, 2007), are relatively 

skilled when engaging in their offending behaviour. In a recent study, Nee and Ward (2015) classified 

burglars as ‘dysfunctional’ experts, whose repeated engagement in criminal activity has allowed 

them to generate a wealth of offence specific knowledge. This knowledge is organised into a series 

of cognitive schemas, which can be called upon automatically during the commission of a burglary 

offence, and contain behavioural scripts that allow for quick and efficient responses to burglary 

related cues. Consequently, these cognitive schemas and behavioural scripts lead to highly 

patterned, systematic behaviour based on the recognition of certain environmental features (Nee, 
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2015). For example, burglars are reported to be attracted to a target based on lack of occupancy, 

ease of access, and relative wealth (Meenaghan et al., 2018; Nee, & Meenaghan, 2006). When inside 

a property, burglars prioritise the master bedroom, searching dressing tables and wardrobes to 

acquire money, jewellery, and other small valuable items (Mercan, 2019; Nee et al., 2019; Taylor, 

2014; Wright, & Decker, 1994). 

Whilst offenders appear to demonstrate a high level of expertise in burglary situations, 

householders appear to show no such skill. In two early comparison studies (Logie, Wright, & 

Decker, 1992; Wright, Logie, & Decker, 1995) burglars and householders were presented with a 

series of photographs featuring houses, and asked to identify environmental cues that would be 

attractive to burglars. In line with the dysfunctional expertise model, burglars showed a preference 

for the previously noted target selection cues, being attracted to the presence of a fence or hedge 

(which could be used as cover), whilst being dissuaded by the presence of a car (which signified 

occupancy). Householders, however, showed no such preferences, largely ignoring the presence of 

cover or occupancy cues, and overestimating the presence of a dog as a deterring factor. In a later 

recognition task, burglars were also superior to (non-offender) novices in recognising alterations to 

these cues, suggesting quicker and more efficient processing regarding the presence of burglary 

related environmental features. Altogether, whilst burglars in these studies appear to be 

dysfunctional experts, non-offenders showed no such proficiency in burglary related decision making 

or behaviour; they appeared to lack the mental schemata or behavioural scripts present in 

offenders, and thus did not possess the same level of offence related knowledge (Nee, & Ward, 

2015). 

Similar findings have been seen in mock burglary studies, which use simulated environments 

to reinstate the contextual features of a criminal event, and measure burglar behaviour in real time. 

In early versions of mock burglary studies (Nee, & Taylor, 2000; Taylor, & Nee, 1988), maps and 

slides were used to recreate a residential environment, with participants being asked to discuss the 

houses in terms of which external features attracted or deterred them from burglary. These studies 

found further differences between the burglar and householder groups, with burglars engaging in a 

more systematic exploration of the simulated neighbourhoods and being attracted to wealthier 

looking houses, as well as corner properties. By comparison, householders often overlooked these 

environmental features, and took more haphazard routes around the property.  More recently, VR 

has been used to render the simulated environments, with participants also being assessed on their 

burglary behaviour inside a property. Two VR studies by Nee et all. (2015) and Nee et al. (2019) 

found that burglars took more systematic routes through the house, often prioritising the high value 

first floor (particularly the master bedroom), before moving towards the living room, and typically 
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ignoring areas such as the bathroom or nursery; burglars also tended to steal smaller and lighter 

items. Novices, however, showed no such patterns in their searching behaviour, often stealing lower 

value or bulkier items and spending time within all rooms.  In Nee et al. (2019), burglars also scoped 

a greater distance than householders around the neighbourhood during target selection, and were 

more likely than householders to target end of terrace houses. Collectively, these findings provide 

support for the idea that householders lack knowledge regarding the behaviour of burglars during a 

crime, suggesting that householders do not understand the types of items burglars favour, or where 

these items can be found.  

Overall, the findings from the previously mentioned comparison studies (e.g., Logie et al., 

1992; Nee et al., 2019; Wright et al., 1995) yield two important implications for the role of 

householders in the burglary offence chain. First, if burglars are indeed experts, then they should 

suffer from a range of processing deficiencies that have been shown to affect experts in other fields 

(Ericsson, & Lehmann, 1996; Kahneman, & Klein, 2009).  For example, research has shown a notable 

reduction in expert proficiency when processing information that contrasts with their existing 

schemas (Dror, & Charlton, 2006; Woollett, & Maguire, 2010). In theory, a householder could help 

disrupt a burglar’s cognitive schemas by organising a house with many new or atypical features, such 

as items hidden in unexpected places (Nee, 2015). This could lead to an inhibition in burglar target 

searching skills, an inability to complete the offence, and ultimately a reduction in burglary 

prevalence. Second, these findings also indicate that householders lack a fundamental 

understanding of how burglars operate during an offence. It is therefore likely that many individuals 

are unable to take necessary preventative action to reduce their victimisation risk (Nee et al., 2019). 

In fact, it would be logical to assume that this lack of understanding is currently facilitating burglary 

offences, with householders unknowingly engaging in the very behaviours that offenders exploit 

when committing their crimes. If this were true, it would provide clear directions for preventative 

training, which could teach householders to better understand burglar behaviour, and encourage 

them to reduce opportunities more effectively.  

Gaps in the research, and the current study 

Whilst it is logical that householders’ behaviour in mock burglary studies may be indicative of their 

preventative behaviours in real-life, this has not yet been explored in empirical research. The nature 

of householders’ risk-creating behaviour within their own houses remains a significant gap in 

burglary prevention literature, and must be fully understood prior to the development of further 

burglary prevention training.  
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Additionally, much of the previous research involving householders understanding of burglary has 

been completed using small samples (Nee et al., 2015; Nee, & Taylor, 2000; Wright et al., 1995). Not 

only does this affect the validity of previous findings related to householders, but it also means that 

there have been no studies examining differences in householder behaviour across varying 

demographic groups. It is clear from previous research (e.g. Tilley et al., 2011; Wickes et al., 2017) 

that context can play a key role in the field of burglary prevention and it is logical to assume that not 

all householders are engaging in the same risk-creating behaviours. For example, research has 

suggested that students are more likely to own high value, portable items than the general 

population (McCreith, & Parkinson, 2004). Research has also shown students to be careless with 

their personal property, with the majority regularly leaving items unattended in public campus 

spaces (Barbaret et al., 2004) and less than half regularly locking their doors whilst they are away 

from their rooms (Barbaret, & Fisher, 2009). This higher number of valuable goods, combined with a 

notable unawareness for protective behaviours, could suggest that students are engaging in more 

risk-creating behaviours than the general population, which may explain why they are more 

frequently victimised by burglars. However, further studies are needed to understand the unique 

risks associated with different householder groups.  

The current study aims to address these issues, by being the first to assess real-time householder 

behaviour within a residential setting, and recruiting a statistically powered sample of three 

householder groups. Participants will be asked to place a series of high-value items around a virtual 

house, with these placements then being compared to known patterns of burglar behaviour. 

Through these comparisons, this study aims to explore whether householders are conforming to 

burglars’ expectations regarding the locations of valuable items.  

 

Method 

 

Participants  

 

An a priori power analysis was conducted using G*Power version 3.1.9.7. The results of this 

power analysis indicated that 40 participants per condition (120 in total) were needed to ensure that 

the study had sufficient statistical power (.80) and a large effect size (ηp² = .138) at the .05 

significance level for a MANOVA with three independent groups and 21 response variables. Overall, 

179 householders were recruited to take part in this study, with 159 (Mage = 33.81 years, SD = 15.31) 
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of these contributing data to the analysis. Of these participants, 52 were students (9 Male, 43 

Female, Mage = 21.00 years, SD = 5.46), 67 were higher income householders (29 Male, 38 Female, 

MAge = 38.89, SD = 11.55) and 40 were lower income householders (10 Male, 30 Female, MAge = 

43.58, SD = 17.84). 

Student householders were classed as any participant currently in full time university 

education. Participants not fulfilling this demographic were classed as non-students, and were 

divided based on their self-reported yearly household income. Participants with an annual 

household income greater than the national average (£27,500 at the time of testing; Office of 

National Statistics, 2018), were placed in the higher income group, while those below this threshold 

were classified as lower income householders. To prevent overlap between the groups, participants 

were not allowed to live in mixed student-non-student accommodation. Additionally, all participants 

were required to be over 18 years of age, possess no previous history of offending, and consider 

themselves at least equally responsible for the security of their property. Of the original 179 

participants, 18 were excluded due to meeting one of the above criteria, whilst two were excluded 

due to technical failures during testing. This produced the final sample of 159 participants. 

Participants were not matched on any demographic variables, as it was thought that this 

would create householder groups that were unrepresentative of their wider populations. However, 

checks were performed post data collection to ensure that participants did not differ on certain 

variables that could have influenced their performance in the VR, or their level of burglary expertise. 

There were no differences in the number of hours spent gaming per week across the three groups (F 

(2,156) = .03, p = .987, nor were there any differences in participant’s VR immersion scores (F(2,156) 

= .78, p = .266), which were measured using a presence questionnaire (Witmer, & Singer, 1998). All 

participants reported presence scores greater than 44, which indicated high immersion within the 

virtual environment. Finally, 15 participants reported being previous victims of burglary, whilst seven 

reported receiving previous burglary prevention training. However, there were no differences in how 

these participants were spread across the three groups (χ2 = 2.52, p = .280 and Fisher’s exact test = 

3.38, p = .171, respectively) and the number of participants reporting these experiences was deemed 

low enough to include them in the subsequent analyses.  

Materials 

The Virtual Environment (VE) was created using the Unity Pro 4.2 engine and consisted of a 

sorting phase and a testing phase. The sorting phase allowed participants to organise the items by 

floor prior to entering the virtual house, and provided an area for participants to familiarise 

themselves with the controls. The sorting environment was designed to resemble a warehouse, and 
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consisted of three tables (see Figure 1.1). Two tables were empty, and represented the two floors of 

the virtual house. The third table contained the 15 items that participants were required to place. To 

reduce the mental demands of the task (and prevent fatigue), the items chosen were restricted to 

those considered valuable to burglars, based on previous research (Mercan, 2019; Nee, & Taylor, 

2000; Nee et al., 2019; Wright, & Decker, 1994). They included a jewellery box, a passport, a wallet 

(with money visible), an iPad, a camera, a video camera, a briefcase (with important documents 

visible), a handbag, a television, a PlayStation 3, an iMac, car keys, a laptop and two iPhones. All 

participants were asked to place all 15 items on to one of the ‘virtual’ floors.  

 

Figure 1.1 

 The VE used for the sorting phase. Participants were asked to take items from table ‘A’ and place 

them on tables ‘B’ or ‘C’ depending on where they wished to place the item in the virtual house. 

 

 

The testing environment was designed to resemble the interior of a middle-class house 

during the daytime, and was very similar to the interior of the houses used in previous burglary 

studies (e.g., Nee et al., 2019). The environment consisted of an open plan ground floor, featuring a 

living room, kitchen, and hallway, as well as a first-floor featuring a master bedroom, study, nursery, 

and bathroom (see Figure 1.2). Each room contained an assortment of typical furniture (such as 

tables, chairs, shelves, cupboards, and drawers) to provide participants with suitable locations for 
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item placement. To avoid priming participants’ placements, no other items were incorporated into 

the layout of the virtual house.  

 

 

Figure 1.2 

Floor plan of the testing environment, featuring all the rooms in which  

participants could place items. 

 
 

Participants experienced the virtual environment using a HTC Vive Head Mounted Display 

(HMD), which allowed for viewing in all directions via built-in accelerometers. Participants navigated 

the virtual environment using two HTC Vive hand controllers, which were also used to pick up and 

place items, as well as open cupboards or drawers. The VE recorded the exact placement location of 

each item, the time in which each placement was made, and the value of each item. 

Procedure 

Participants were recruited via study adverts, which were distributed around local community 

centres, university buildings and online participant portals. These adverts invited participants to take 

part in a burglary prevention study and to email the experimenter for a time slot. Upon arrival at the 

study lab, participants were presented with an information sheet and consent form. To avoid 

priming participants, the information sheet did not provide the full aims of the study, only stating 

that the aim was to seek the opinions of ordinary citizens regarding the burglary risks that exist 
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within their environment. Once consent had been obtained, participants were briefed on the task 

they were required to complete. Specifically, participants were told to imagine that they lived in the 

virtual house, and to place items where they would typically expect to place them in real life. 

Participants could place items on any piece of furniture, as well as inside the cupboards and drawers.  

Next, participants were shown two videos on a computer screen. The first outlined the 

equipment to be used in the study, as well as the controls needed to navigate the environment. The 

second video gave participants a tour of the virtual house, so that they could familiarise themselves 

with the layout before placing items. Participants were given the opportunity to ask questions after 

each video. Following this, participants were fitted with the HMD, and given a final reminder of their 

instructions. If they had no final questions, they were instructed to begin the sorting task. 

During this task, participants found themselves in the sorting warehouse, and were required 

to place each item onto one of the two empty tables. Any item placed on a table appeared on the 

corresponding floor inside the virtual house. Once all items had been sorted, participants were given 

a two-minute break, before then beginning the testing phase. Here, participants found themselves in 

the kitchen of the virtual house, in front of all the items that they sorted onto the ground floor. After 

they had placed all of these items, they were transported to the upstairs landing to place all the 

items that they had sorted onto the first floor. Once all the items were placed, the simulation ended, 

and participants removed the HMD. Finally, demographic information was collected (e.g., gender, 

age, details of previous offence history). Participants were then compensated for their time with a 

£10 Amazon voucher, and given a full debrief to explain the purpose of the study. Participation in 

the study took approximately 60 minutes.  

Design 

This study used an independent design with one factor (Householder group: Higher Income 

Householder, Lower income householder and student). To assess placement behaviour, the data 

from the VE was first organised into three groups of dependant variables (DVs): Number of items 

placed (on both floors, in each of the seven rooms and number of items hidden); value (Total value 

across both floors, and in each of the seven rooms); and time (time spent on each floor and total 

time spent inside the house). These DVs were first examined descriptively, across the whole set of 

participants, to establish any common trends within the sample. T also examined any patterns of 

specific item placements, as well as Object/Value Ratio (value per area divided by the number of 

items per area). 

Analysis 
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Differences between the three groups of participants were examined using multivariate 

analyses of variance (MANOVAs) on each of the three sets of DVs. Where significant multivariate 

effects were identified, univariate analyses of variance (ANOVAs) were conducted to examine 

participant differences within each individual DV. Finally, Bonferroni-corrected pairwise comparisons 

were used to interpret the direction of any significant univariate effects.  

Results 
 

Descriptive statistics: Placement behaviour for participants in general 

 

Table 1.1 summarises general placement trends across the sample. Initial inspection of these 

trends highlights an almost equal split between the average number of items placed on the ground 

floor and the first floor. Participants also spent comparable amounts of time in each area, with 48% 

of average placement time being spent on the ground floor, and 52% of time being spent on the first 

floor. 

Table 1.1 

Means (M) and Standard Deviations (SD) for the number of items placed, the value of items placed (£) and the 

time spent placing items (S), across each area of the virtual house. 

Location Items Placed Item Value Placement Timea 

 M (SD) M (SD) M (SD) 

Ground Floor 7.56 
(2.02) 

2029.25 
(497.34) 

 

317.64 
(146.87) 

Living room 6.26 
(1.94) 

1610.69 
(508.79) 

 

 

Kitchen .40 
(.74) 

112.89 
(222.27) 

 

 

Hallway  .89 
(1.10) 

305.66 
(325.54) 

 

 

First Floor 7.44 
(2.02) 

2620.75 
(497.34) 

 

345.49 
(150.97) 

Bedroom  4.44 
(2.08) 

1722.95 
(465.51) 

 

 

Study 2.93 
(1.66) 

866.77 
(481.98) 

 

 

Nursery .08 
(.29) 

23.58 
(114.43) 
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Bathroom .01 
(.11) 

7.89 
(81.62) 

 

a  Due to the design of the study, and the nature of the VE coding system, it was not feasible to measure time per room. 

 

 

 

However, further examination of the results indicates a clear divergence in item placements across 

individual rooms, with three rooms typically being favoured above the rest. All participants (N = 159) 

placed at least one item in both the living room and bedroom, with over two thirds of average item 

placements occurring in these locations (see Table 1.1). The study was also a favoured placement 

area, with 87% of participants (N = 139) placing at least one item here, and an average participant 

storing just under a fifth of their items into this study room. By comparison, the hallway and kitchen 

were the next most popular areas for item placements (see Table 1.1), but were only used by 53% (N 

= 84) and 29% (N = 50) of participants, respectively. Only 7% of participants (N = 11) placed an item 

in the nursery, whilst 1% (N = 2) placed an item in the bathroom. This preference for the bedroom, 

living room and study was also reflected in the higher value of items placed into these rooms 

compared to the rest of the house (see Table 1.1).  

In addition to favouring specific areas, participants also demonstrated a preference for 

placing items in visible locations (such as tables or desks). Only 4% of participants (N = 7) placed the 

majority of their items in hidden locations (such as cupboards and drawers), whilst the average 

participant placed less than a third of all their items (M = 4.01, SD = 1.88) in these hidden areas. No 

participant concealed more than 10 items. 

In terms of specific item organisation, over half of all television, PlayStation 3, iPhone, iPad, 

and laptop placements went into the living room; the only item not sorted into this room by any 

participant was the jewellery box (see Table 1.2). In comparison to the living room, the hall and 

kitchen were used sparingly, with the only notable trend being for placements of the car keys (see 

Table 1.2). Table 1.2 reveals eight items for which first floor placements were favoured the most. 

The majority of participants sorted the jewellery box, passport and handbag into the bedroom, 

whilst there was a slight preference for placing the wallet here, as opposed to the living room. The 

study was the most popular location for the iMac, camera, video camera, and briefcase. Given the 

low number of placements in the bathroom and nursery, there were no notable patterns in these 

areas. 

Inferential statistics: Differences between Students, Higher Income (HI) Householders, and Lower 

Income (LI) Householders 
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Number of items placed  

A MANOVA was used to analyse differences across the three householder groups for the placement 

of items around the house (which was measured using the 10 dependant variables outlined in the 

design section). A multivariate main effect was found (Wilks ƛ = .72, F(16, 298) = 3.39, p < .001, ηp2 = 

.15). Subsequent univariate analyses highlighted between-subjects main effects for the number of 

items placed on the first floor (F(2, 156) = 9.57, p < .001, ηp2 = .11), the number of items placed in 

the kitchen (F(2,156) = 5.11, p = .007, ηp2 = .61), and the number of items placed in master bedroom 

(F (2,156) = 12.88, p < .001, ηp
2 = .14).  No univariate main effects emerged for item placements in 

the living room, hallway, study, nursery, or bathroom (p’s range from .070 - .476) nor was there a 

univariate main effect for the number of items hidden around the house (F(2,156) = .064, p = .938, 

ηp2  < .01). 

Pairwise comparisons revealed no differences between the higher and lower income householders 

across any of the placement variables (p’s range from .159 – 1.00) see Table 1.3 for the descriptive 

statistics). However, there were differences between the students and non-student householder 

groups. Students placed more items in the master bedroom than both higher income (p < .001, d = 

.886) and lower income (p < .001, d = .860) householders. Students also placed more items on the 

first floor compared to higher income householders (p < .001, d = .802), whilst higher income 

householders placed significantly more items in the kitchen compared to students (p = .005, d = 

.494). There were no differences between students and lower income householders for either of 

these latter two variables (p = .069 and p = .553, respectively).
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Table 1.2 
The frequency of item placements (across all participants), distributed according to placement location within the virtual house.

 Items  

Rooms Camera TV Jewellery 
Box 

Passport Video 
Camera 

iPhone 
#1 

iPhone 
#2 

PlayStation 
3 

Car 
Keys 

iPad Handbag Briefcase Laptop iMac 
Computer 

Wallet 

Living 
Room  

49  
 

152   18 
 

54  
 

81  
 

84 
 

140 
 

51  88 
 

45  
 

48 
 

88 
 

43  
 

58 
 
 

Bedroom 31  
 

4  
 

157 
 

99 
 

24  
 

58 
 
 

55 
 

5 
 

11 
 

50 
 

86 
 

27 
 

24 
 

8 
 

61 
 

Study 76 
 

2 
 

 38  
 

79 
 

6 
 

7 
 

13 
 

1 
 

15 
 

 67 
 

47 
 

107 
 

8 
 

Kitchen     1 
 

1 
 

10 
 

9 
 

 22 
 

5 
 

2 
 

2 
 

  12  
 

Hall 1 
 

    4  
 

4  
 
 

 74  
 

 23  
 

15 
 

 1 
 

20 
 

Bathroom   1 
 

1 
 

           

Nursery  2 
 

1 
 

1 
 

2 
 

1 
 

  1 
 

 1 
 

3 
 

    

Total N = 159                
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Table 1.3 

 Means (M) and Standard Deviations (SD) for the number of items placed across each area of the virtual 
house.  

 
 

Number of items placed 

Location Students Higher Income 
Householders 

Lower 
 Income  

householders 
 M (SD) M (SD) M (SD) 

First Floor 8.33 
(1.59) 

 

6.78 
(2.20) 

7.40 
(1.79) 

Living Room 5.83 
(1.64) 

6.49 
(2.08) 

6.45 
(2.02) 

Kitchen .17 
(.43) 

 

.60 
(.92) 

.38 
(.63) 

Hallway .67 
(.83) 

 

1.13 
(1.24) 

.78 
(1.10) 

Bedroom 5.54 
(1.93) 

 

3.84 
(1.99) 

3.95 
(1.85) 

Study 2.77 
(1.50) 

 

2.81 
(1.82) 

3.35 
(1.55) 

Nursery .04 
(.19) 

 

.13 
(.39) 

.02 
(.16) 

Bathroom .02 
(.14) 

0 
(0) 

.03 
(.16) 

 

Total value of items placed 

A MANOVA (using 9 dependant variables: the value of items placed on both floors and in each of 

the seven rooms) revealed a significant multivariate main effect of householder group on the value of 

items placed around the house (Wilks ƛ = .76, F(12, 302) = 3.65, p < 001, ηp
2 = .13). Specifically, there 

were univariate main effects for the total value of items placed on the first floor (F (2,156) = 6.63, p = 

.002, ηp2 = .08), the total value of items placed in the kitchen (F (2,156) = 4.52, p = .012, ηp2 = .06), and 

the total value of items placed in the master bedroom (F (2,156) = 10.99, p < .001, ηp2 = .124). No 

significant univariate main effects emerged when examining the value of items placed in any other area 

of the house (p’s range from .073 - .479).  
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Pairwise comparisons found that the total value of items placed in the kitchen (measured in £’s) 

was greater for higher income householders (M = 171.64, SD = 272.78) compared to students (M = 

54.81, SD = 156.64; p = .013, d = .364), whilst the total value of items placed on the first floor was higher 

for students (M = 2812.50, SD = 404.37) compared to higher income householders (M = 2492.54, SD = 

558.42; p = .001, d = .660). Students’ bedroom placements also yielded a higher total value (M = 

1956.73, SD = 454.07) than both higher (M = 1603.73, SD = 447.49; p < .001, d = .808) and lower (M = 

1618.75, SD = 401.23; p = .001, d = .812) income householders. There were no other differences 

between the three participant groups (p’s range from .060 – 1.00).  

 

Object/Value Ratio 

Univariate analyses of object/value ratio yielded significant between-group main effects across 

the first floor (F(2,156) = 6.87, p = .001, ηp2 = .08) and the master bedroom (F(2,156) = 8.10, p<.001, , 

ηp2 = .09). Pairwise comparisons revealed that the directions for these effects were the reverse of those 

seen when examining total value. On average, each item placed on the first floor by a higher income 

householder was of a greater value (M = 389.55, SD = 95.83) than an item placed by a student in the 

same area (M = 342.54, SD = 36.22; p = .001, d = .624). Similarly, the average value of an item placed 

into the bedroom by both higher (M = 486.99, SD = 167.53) and lower income householders (M = 

484.62, SD = 197.44) was greater than the average value of an item placed by a student (M = 377.17, SD 

= 111.00; p = .001, d = .779 and p = .005, d = .723 respectively). In other words, non-student 

householders were placing fewer valuable items in these areas, but the items they placed in these 

locations were, on average, of a higher value than the items placed by their student counterparts. There 

were no differences in object/value ratio across any other area of the house (p’s range from .056 - .809).  

Time spent placing items 

A multivariate main effect was found for time spent placing items (in total, and on either of the 

two floors) across the three householder groups (Wilks ƛ = .89, F(6, 308) = 3.18, p = .005, ηp2 = .06). 

There was a univariate main effect for time spent on the ground floor (F(2, 156) = 8.90, p < .001), with 

both higher (M = 355.21, SD = 170.64) and lower income householders (M = 341.48, SD = 135.21) 

spending more time on this floor than students (M = 250.90, SD = 93.23). However, there was no 

difference between the non-student householders for this variable (p = 1.00). There were no univariate 

main effects found for time spent on the first floor (F(2, 156) = .64, p = .529, ηp2 = .008), or total time 
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(F(2, 156) = 2.19, p = .116, ηp2 = .027). A within-subjects analysis revealed that students spent a higher 

proportion of their time on the first floor compared to the ground floor (58%, compared to 41%; F(1,51) 

= 22.27, p < .001, ηp2 = .30), but there were no differences for either Higher income (F(1,66) = .171, p = 

.680, ηp2 = .003) or lower income householders (F(1,39) = .123, p = .727, ηp2 = .003).  

Discussion 

Previous research (e.g., Nee et al., 2019) has suggested that householders lack the offence-

specific knowledge demonstrated by experienced burglars, and thus do not understand the 

opportunities that they may leave for these offenders inside their homes.  The present study aimed to 

provide the first exploration of householders’ risk-creating behaviours inside a residence, whilst also 

exploring any differences between three householder groups.   

Participants’ behaviour as a whole appears complementary to (and enabling of) the burglar 

behaviour discussed in previous research (e.g. Meenaghan et al., 2018; Nee, & Meenaghan, 2006) The 

majority of items were sorted into the bedroom and living room, with the highest value items being 

found in the bedroom. This matches up to the systematic searching behaviours described by burglars, in 

which the bedroom is prioritised, but the living room is also favoured (Meenaghan et al., 2018; Nee et 

al., 2015; Nee et al., 2019; Wright, & Decker, 1994). 

In the current study, householders also conformed to burglar expectations in many of their 

specific item placements. For example, the majority of participants placed the jewellery box, passport 

and wallet into the bedroom, which is where burglars have reported to look for these specific items in 

previous research (Meenaghan et al., 2018; Nee, & Meenaghan, 2006; Taylor, 2014; Wright, & Decker, 

1994). Similar patterns can be seen across the living room and study, which burglars often favour for 

their large proportion of electrical goods (Taylor, 2014) and in which many participants placed their 

phones, iPad, television, PlayStation, iMac and laptop. In fact, the only areas that burglars consistently 

highlight as having low expected value are children’s bedrooms, and bathrooms (Nee et al., 2015; Nee et 

al., 2019), which were only favoured by a small percentage of participants in the current study.  

The findings of the current study provide novel insight into householders’ placement behaviour 

within a residential setting. In line with the claims made by Nee et al. (2019), the present study 

demonstrates that householders are facilitating burglary behaviour, by placing items where offenders 

typically expect to find them. This also supports previous suggestions that non-offenders lack the 

schematic knowledge and expertise of burglars, and thus lack an understanding of how burglars operate 
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during a crime (Nee, & Ward, 2015; van Sintemaartensdijk et al., 2020). In fact, the extent to which 

placement behaviours matched to burglars’ expectations supports the idea that householders are 

‘naivettes’ (Chi, 2006; Nee et al., 2019). In other words, they do not just lack the expertise of burglars, 

but possess very little expertise in the domain, and therefore contribute to burglars’ searching 

behaviour through their functional placement of items in their homes.   

When taken as a whole, these findings have vast implications for future training methods.  Using 

the ideas from dysfunctional expertise theory (Nee, & Ward, 2015), it may be possible to train 

householders by having them complete placement tasks and mock burglaries within VR settings. By 

combining the VR tasks with feedback and coaching, it would allow householders to develop the mental 

schemata and behavioural scripts needed to understand and counter burglar behaviour. Using these, 

householders should be able to anticipate burglar behaviour and hide items in places that contradict 

typical expectations. This would hopefully inhibit a burglars’ expertise should they ever gain entry to a 

property, reducing their ability to complete the offence (Nee, 2015; Woollett, & Maguire, 2010). Now 

that an empirical baseline exists for householders’ risk-creating behaviours, future research should 

begin to examine the effectiveness of such a training method.  

In regard to the three householder groups, students showed a greater preference for 

placements on the first floor, sorting more items into this area than higher income householders. They 

also placed a greater number and higher value of items in the master bedroom compared to both sets of 

non-students, and spent more time on the first floor than on the ground floor. Given burglars’ previously 

demonstrated affinity for these lucrative areas (e.g., Nee et al., 2019; Taylor, 2014), it could be 

suggested that students are creating more opportunities for burglars than their non-student 

counterparts, which itself may be indicative of less understanding or less burglary expertise. Such a 

conclusion would fit with previous research, demonstrating that students do not understand how to 

protect their personal property, and lack awareness of essential security behaviours (Barbaret, & Fisher, 

2009; Fisher, Sloan, Cullen, & Lu, 1997). It may also help to explain why victimisation rates among 

student groups are higher than those within the general population (Barbaret et al., 2004; McCreith, & 

Parkinson, 2004). Perhaps this victimisation rate could be lowered if universities were to implement 

training that focused on these specific risk behaviours; in particular, highlighting the burglary risks 

associated with bedroom placements.   

However, caution should be taken when interpreting the findings of the current study. It may be 

incorrect to accredit these findings purely to a lack of understanding or expertise. As indicated in the 
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literature, a typical student often lives in shared accommodation, with their private spaces often limited 

to their bedroom and an en-suite bathroom (Cross et al., 2009). Given that part of the task instructions 

asked participants to place items as they would ‘in real-life’ it may be that students’ preference for the 

first floor reflected the limitations of their current living space, as opposed to any comparative 

deficiency in expertise. Students may have placed more items in the bedroom because this was the limit 

of their real-life private space, whereas non-students, who typically would not suffer from such 

limitations, spread more items around the whole house. In fact, when examining object/value ratio 

(which accounts for the number of items placed in a room) it appears as though non-students’ bedroom 

placements were, on average, of a higher value than those of students. This supports the idea that non-

students possess no greater understanding of burglary risk, and that the specific opportunities created 

by students may instead be the result of spatial limitations within their residences. Future research 

should examine this further, by comparing the risk-creating behaviours of students in different living 

conditions. For example, students living alone may not be as restricted for space, and may display 

behaviours closer to non-students. Future training methods may need to acknowledge the impact of 

different living conditions, by identifying how and where spatial limitations may influence behaviour, 

and specifying relevant solutions (e.g., encouraging students with limited space to conceal items in en-

suite bathrooms).   

In regard to the two income groups there were no differences across any of the dependant 

variables. The reasons for this are subject to speculation; however, suggestions have been provided 

below. First, the lack of differences may be attributed to methodological limitations in how the two 

income groups were defined. Lower income householders are notoriously difficult to recruit for 

empirical studies, as they are often hard to reach through adverts, and may be mistrusting of 

researchers (Sixsmith, Boneham, & Goldring, 2003). Given the relative limitations of time and resources 

in this study, it was deemed necessary to include a broad range of income values within each group. This 

allowed us to recruit a suitable sample size, and provide enough statistical power for valid results. By 

stratifying the groups above and below the national median income, it was hoped that they would still 

be suitably different to identify unique variations in risk-creating behaviour. 

 However, recent research into burglary victimisation has highlighted the increasing disparity 

between the poorest communities and other householder groups (Tilley et al., 2011). Householders 

earning under £10,000 have suffered a disproportionately low drop in burglary rates over the last 20 

years, and account for an increasing portion of burglary victims (Hunter, & Tseloni, 2016; Thacher, 
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2004). It may be that this skew in victimisation is reflected in burglary risk understanding, with the 

lowest income householders displaying unique risk-creating behaviours. However, the wide definition of 

‘low income’ used in this study would not have captured such specific differences. Future research 

should measure placement behaviour across a wider stratification of income groups, in order to identify 

differences in risk understanding at the extreme ends of the income scale.   

Second, it is possible that the lack of differences simply highlights a null effect of income on 

burglary risk understanding. Lower income householders may not be more vulnerable because they are 

engaging in more risk-creating behaviours (relative to high income householders), but simply because 

they exist closer to a burglars’ routine activity space (Tseloni et al., 2004) or because they cannot afford 

high-quality external security (Tseloni et al., 2007). Additionally, income is a broad demographic 

variable, with each group comprising of many ages, occupations and other lifestyle factors (e.g. previous 

burglary victimisation). It is possible that these sub-groups may influence a participant’s risk-creating 

behaviour, but such specific patterns may be hard to identify when measuring income as a whole. 

Future research may be more likely to find differences by focusing on these more specific demographic 

groups.  

Study limitations 

In closing, several limitations of this study must be addressed. First, to prevent fatigue, 

participants were limited to placing 15 valuable items around the virtual house. Whilst differences in 

placements were identified across the groups, it is possible that including more valuable items to be 

placed would have produced a difference result, or perhaps led to significant findings between the 

income groups. However, increasing the length of this study may also increase the chances of motion 

sickness, a common side effect in VR (Golding, & Gresty, 2005). Future researchers would have to 

consider the repetitive nature of the task, as increasing the number of items may also increase 

boredom, and lower task validity. However, if these problems can be overcome, then a more detailed 

task would likely lead to a clearer understanding of placement behaviour.  

Whilst participants were asked to place items as they would in real life, it must be acknowledged 

that a virtual reality setting is not a real life scenario. Participants do not actually own the items they are 

placing, and thus do not have to consider the ramifications of their placements beyond completing the 

task. Participants have nothing to lose by engaging in more risk-creating behaviours, and thus may be 

more careless than they would otherwise be in real life. However, this limitation is not just restricted to 
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VR research, but any method by which participant’s placements are measured in a hypothetical or 

simulated scenario. Without the ability to go inside people’s homes and record their actual item 

placements, researchers simply have to trust that participants are mimicking their real life behaviours as 

closely as possible. That being said, this limitation could be mitigated by further advances in virtual 

reality immersion, which would increase the illusion of task realism (Slater, 2009). Possible advances in 

immersion include haptic feedback to stimulate the feel of the items as they are grasped (Kim, Jeon, & 

Kim, 2017), auditory stimulation to provide a complete sensory experience (Andreano et al., 2009), and 

designing an environment that more closely matches a participant’s actual living area.  

Finally, participants in this study were limited to placing each item in one specific location (the location 

in which they would typically expect to place the item). Whilst this can be used to ascertain participants’ 

general behaviour, it does not account for any differences that may arise as a result of specific contexts. 

For example, participants may place items in different locations at night compared to during the day, or 

may be more careful to hide items when they go out, as opposed to when they are inside. If this study 

had presented one of these specific contexts, it is possible that less risk-creating behaviours would have 

arisen. Given that burglars are often attracted by a lack of occupancy (Meenaghan et al., 2018; Nee et 

al., 2019; Wright et al., 1995), future research may wish to measure where householders leave items 

whilst they are away from the property. This would generate a greater understanding of risk-creating 

behaviours, in a scenario that more accurately reflects the context in which a householder is likely to be 

burgled.   

 

 

Conclusion 

Previous research suggests that householders possess little knowledge regarding the burglary 

risks that exist in their environment, and thus may be facilitating burglary offences by engaging in risk-

creating behaviours around their home. The current study supports this claim, suggesting that 

householders’ placements of valuable items conform to burglars’ cognitive schemas regarding where 

these items are typically located. This study also expands current understanding of burglary risk, by 

suggesting that there may be differences in the risk-creating behaviours of students and non-students. 

Collectively, these findings have important implications for future training methods, and provide an 

initial template for measuring risk-creating behaviours in the future. However, replications of this study 
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are recommended, with more items included, more immersive environments used, and specifications 

made as to the context in which items are being placed. Future research should also focus on examining 

more specific demographics of householders, in order to develop a clearer understanding of any inter-

group differences. Nevertheless, this study contributes novel insight into householders’ role within the 

offence chain, and represents a positive step towards the further reduction of burglary prevalence.  
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Chapter 3: Using Virtual Reality (VR) to assess 
perceptions of burglary risk among students 

and non-student householders: An analysis of 
participant cue assessment within a simulated 

neighbourhood. 
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Abstract 
 

Using previous comparisons between burglars and householders (e.g. Logie et al., 1992 and Nee et al., 

2019) the current study proposes that householders do not understand how burglars operate, and thus 

struggle to identify the types of cues that burglars favour during target selection. Using Virtual Reality 

159 participants (comprised of students, higher income householders and lower income householders) 

were asked to put themselves in the shoes of a burglar, and navigate a virtual neighbourhood of five 

properties looking for a target to steal from. Householders were asked to verbalise anything that 

attracted or deterred them from each property, and were later asked to rate a series of environmental 

cues based on perceived importance to a burglar’s target selection. Householders’ identifications in the 

VE were limited to a handful of salient cues (e.g. the alarm on house one), often failing to identify 

important layout cues (e.g. the vulnerability of corner properties). The lack of perception for layout cues 

was also evident in the ranking task, where participants also overestimated the importance of security 

cues in target selection. Few differences were found between the three participant groups, although 

students appeared to demonstrate a somewhat lesser understanding of burglary risk by comparison. 

Implications for further burglary prevention training are discussed. 
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Introduction 

 

Whilst householders have long been involved in strategies to reduce burglary (see Tseloni et al., 
2018 and Tilley et al., 2015 for historical accounts of burglary prevention), the switch to a situational 
perspective of crime (Clarke & Mayhew, 1980) has provided increased theoretical support for their 
effectiveness as deterrents. According to the rational choice and routine activities theories (Cohen & 
Felson, 1979; Cornish & Clarke, 1987), burglar target selection is influenced by the analysis of several 
environmental cues, which are often context specific (such as indicators of wealth, occupancy or 
physical security devices). Householders have the ability to affect this context, either by making their 
homes appear less attractive (e.g. with the use of physical security measures; Clarke, 1997; Roth et al., 
2018), or by making their homes more vulnerable (e.g. leaving windows and doors unlocked; Nee & 
Meenaghan, 2006). In this regard, householders are viewed as an important part of the burglary offence 
chain (Shaw & Gifford, 1994). 

Research involving householders has identified that there is a considerable gap in knowledge 
between experienced burglars and the general population (e.g. Nee et al., 2019; van Sintemaartensdijk 
et al., 2020; Wright et al., 1995). Householders seem to lack the discriminate and efficient target 
selection behaviours of burglars, and often fail to identify many of the aforementioned environmental 
cues that can influence offender behaviour. This suggests that householders are novices (compared to 
the ‘expert’ burglars) who lack the knowledge to adequately identify and reduce opportunities for 
offenders within their neighbourhoods (Nee, & Ward, 2015). If householders do in fact lack knowledge 
of burglar behavior, it suggests the need for further training to help reduce this knowledge gap.  

However, prior to training householders, more information is needed regarding householders’ 
understanding of burglary risk.  Homeowner focused burglary research is sparse (Hollis-Peel et al., 2011) 
with most experimental studies focusing on the behaviour of offenders. Even when non-offenders are 
examined, they are often recruited in small samples (e.g. Nee et al., 2015) and are typically only used to 
highlight the relative expertise of the burglars (e.g. Logie et al., 1992; Nee et al., 2019; Wright et al., 
1995) As such, householders have often been treated as one homogenous group, with little focus given 
to potential variations in knowledge across different demographics. Previous research has demonstrated 
a difference between groups of non-offenders (police officers vs students) in the types of decision 
strategies used during target selection. Police officers were found to make non-compensatory, heuristic 
based decisions, similar to those of expert burglars, which was attributed to the intuition and mental 
patterns formed from previous experience dealing with burglaries that was lacked by the novice 
householders (Garcia-Retamero, & Dharmi, 2009). As demonstrated in this research, experience with 
burglary (either through exposure as a victim, or through one’s occupation) can alter a householder’s 
appraisal of a neighbourhood, and therefore could lead to different perceptions of burglary risk.   

With this in mind, and in line with several contemporary studies (e.g. Nee et al., 2019), the 
current study aims to capitalise on emerging Virtual Reality (VR) technology to capture real-time 
householder responses to various burglary related cues. The main aim is to provide a detailed 
assessment of householders’ knowledge regarding burglar target selection. For the first time in burglary 
research, the current study will assess behavioural differences across three distinct groups of 
householders (students, higher income non-students, and lower income non-students). This in turn 
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should have important practical implications for the development of future demographic specific 
prevention methods.  

The current view of householders in burglary research  

Initial insight into householders understanding of burglary behaviour can be generated by 
examining the Crime Survey of England and Wales (CSEW). This data indicates a significant rise in the 
adoption of household security devices (such as locks and motion activated lights) over the last 25 years 
(Office of National Statistics, 2016; Tseloni et al., 2018), with recent reports suggesting that over 96% of 
sampled householders possessed at least one such device (Tseloni, Thompson, Grove, Tilley, & Farrell, 
2017). The presence of security has frequently been cited as a factor that can deter burglars during 
target selection (Bennett, & Wright, 1984; Nee, & Taylor, 2000; Nee, 2015; Newman, 1996; Palmer, 
Holmes, & Hollin, 2002) whilst higher (and more sophisticated) levels of security measures have 
frequently been associated with lower levels of burglary prevalence (Farrell, Tseloni, Mailley, & Tilley, 
2011; Johnson, Davies, Murray, Ditta, Belur, & Bowers, 2017). These findings are encouraging, 
suggesting that householders possess some understanding of burglary risk, and (more importantly) can 
take necessary action to reduce their vulnerability.  

However, empirical research into burglar behaviour has shown target selection to concern more 
than the perception of physical security. Through interviews (Bennett & Wright, 1984; Bernasco, & Luykx 
2003; Mercan, 2019; Nee, & Meenaghan, 2006), ethnographic work (Wright, & Decker, 1994), and 
experimental mock burglaries (Meenaghan, Nee, van Gelder, Otte, & Vernham, 2018; Nee et al., 2019; 
Nee, & Taylor, 2000), offender focused research has demonstrated that target selection is a layered and 
complex process. According to this work, offender appraisal is influenced not only by security, but also 
by cues relating to wealth (such as the size of a house, or the decor; Logie, Wright, & Decker, 1992; Nee, 
& Meenaghan, 2006), the layout of the house (such as the presence of cover, or rear access; Nee et al., 
2019) and occupancy (such as the presence of a car, or movement in the house; Coupe, & Blake, 2006; 
Nee, & Taylor, 2000). Offenders are said to analyse these cues using complex mental schemas, 
developed by drawing upon a wealth of burglary related experience (Nee, & Ward, 2015). This allows 
burglars to efficiently process the specific cues present in an environment, and quickly execute a learned 
response (Nee, & Taylor, 2000; Nee, & Ward, 2015).  

The complexity of offender target processing presents a worrying outlook for householders’ 
ability to understand risk. Most householders will not possess the same level of burglary experience as 
an offender, and thus are unlikely to possess the mental schemata to accurately perceive vulnerabilities. 
This can be illustrated in regards to security cues which, despite an increase in uptake by householders, 
regularly appear as the least important (Clare, 2011; Palmer et al., 2002; Wright et al., 1995) or least 
frequently discussed environmental cues among offender participants (Nee, & Meenaghan, 2006). 
Burglars appear aware of recent increases in security, but know they can exploit householder error (e.g. 
leaving a window open) in order to gain access to a property (Nee, & Meenaghan, 2006). Furthermore, 
security has sometimes been shown to increase burglary risk, with factors such as alarms (Taylor, & Nee, 
2000; Tilley et al., 2015), and double glazing (Nee, & Meenaghan, 2006) being indicators of valuable 
items inside a property. These finding appear to suggest a stark contrast between the behaviour of 
householders, and the perceptions of burglars, indicating that householders may not possess a suitable 
level of knowledge regarding burglary risk.  
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The disparity between householders and burglars is further evident in comparison studies 
between the two groups. In one such comparison, Taylor and Nee (1988) asked participants (fifteen 
burglars and fifteen householders) to navigate a simulated neighbourhood using maps and slides. 
Participants were asked to imagine they were looking for a burglary target, and to think out loud about 
what attracted them to each house; they were also asked to rank cues (such as indicators of wealth, 
indicators of occupancy and position of the house on the street) in terms of importance. Whilst both 
groups were attracted to a detached house in the neighbourhood (which was easier to access, had more 
cover and appeared unoccupied), burglars appeared to favour many cues which householders did not 
identify. Specifically, burglars showed a preference for end of terrace houses and noted cues of wealth 
that went unnoticed by the householders. Cues relating to occupancy were also assigned less 
importance by burglars compared to householders, and the former group also engaged in more 
systematic and patterned navigational strategies, as opposed to the haphazard exploration by 
householders.  

In other comparison research, Logie et al. (1992) and Wright et al. (1995) asked participants to 
identify target selection features within a series of photographs. Burglars regularly identified the target 
selection cues previously discussed, including those relating to cover (e.g. the presence of a fence or 
hedge) or those relating to unoccupied houses (in this case, the absence of a car). Both groups noted the 
alarm as a deterrent, but otherwise householders largely ignored the salient cues discussed by burglars, 
and also overestimated the deterring effect of a dog. In a later study using maps and slides, Nee and 
Taylor (2000) found that householders displayed few within-group trends (compared to the 
homogenised nature of the offender behaviour) and again generally ignored cues favoured by the 
burglars. Unlike burglars, non-offenders did not seem attracted by rear access, end of terrace houses, or 
the presence of dense vegetation (which provided additional cover from surveillance). Both groups were 
once again deterred by physical security measures (e.g. locks) although burglars saw these cues as less 
important to target selection compared to the presence of rear access, or end-of-terrace location 

Altogether, these comparisons appear to further indicate that householders lack the 
discriminate target selection appraisals possessed by burglars. Householders appear unable to identify 
the risks posed by many environmental cues, with only security features regularly being identified by 
both groups (and even then, they are often less important to burglars). This presents a concerning 
outlook for householders’ ability to secure their own homes, and could even suggest that householders 
are creating opportunities for burglars to exploit (e.g. by failing to secure vulnerable entrances; Nee et 
al., 2019; Nee, & Meenaghan, 2006).  However, it is worth noting that none of these comparison studies 
measure burglar or householder behaviour in real time, and thus are unable to capture the same 
contextual cues that can affect real life target selection (Nee, et al., 2019). One set of recent studies 
(Nee, et al., 2015; Nee et al., 2019, van Gelder et al., 2017) have attempted to address this issue, by 
using VR to simulate a realistic neighbourhood for participants to explore. Pertinent findings from this 
research are summarised below.  

Burglary studies using virtual reality 

Nee et al. (2015) were the first to employ a VR methodology in burglary research, with 
participants (expert burglars and non-offender householders) asked to complete a mock burglary of a 
real house, and a simulated house rendered on a computer. This research was then expanded upon in 
Nee et al. (2019), who induced target selection by simulating a neighbourhood of five houses for 
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participants (again, expert burglars and non-offender householders) to explore. The behavioural data 
captured in this research was arguably more precise (and contextually relevant) than that seen 
previously, with researchers able to analyse real-time actions both inside and outside a property. Once 
again, householders appeared to lack the levels of knowledge possessed by burglars, the latter of whom 
spent more time in high value areas of the house, demonstrated a greater understanding for the value 
of items (stealing less, but achieving a higher total value), stole smaller, more concealable objects, and 
preferred to enter through the rear of the property (householders largely entered through the front 
door). During target selection in Nee et al. (2019), burglars also scoped a greater distance around the 
neighbourhood (in the same amount of time as householders), conducted a more systematic and 
discriminate exploration, and were more likely to target end of terrace houses, in comparison to 
householders. Perhaps most importantly, Nee et al. (2015) found behaviour in the simulated 
environment to be consistent with behaviour of a mock burglary conducted in a real house, suggesting 
the value of VR as an effective method for capturing actual burglary-related behaviours.  

The studies by Nee et al. (2015) and Nee et al. (2019) have established VR as beneficial 
methodology for enhancing burglary research. Additional literature has only furthered this idea, with 
Meenaghan et al. (2018) demonstrating how VR can also elicit richer levels of verbal data. By asking 
offenders to ‘think aloud’ whilst they completed a burglary, the researchers were able to enhance recall 
and encourage participants to share greater levels of target selection knowledge (with surveillance and 
affluence being the most important cues). VR research has since been used to increase understanding of 
guardianship as a deterrent (van Sintemaartensdijk et al., 2020), representing an exciting pathway to a 
more in-depth understanding of burglar and householder behaviour. 

Altogether, the VR comparison studies have helped to validate the idea that householders lack 
the experienced and systematic target selection processes of burglars, portraying them as novices in 
comparison to the expert offenders. This extends the work of previous research into a more realistic 
context and presents a clear direction for future prevention methods (which should aim to reduce the 
gap between householders and burglary offenders). However, the studies discussed thus far are 
somewhat limited in their approach to examining householders, and these limitations must be 
addressed prior to developing further training for householders.  

The current study 

VR methodology has the potential to provide levels of analysis previously unseen in householder 
focused research. Real-time behavioural data can be measured alongside detailed verbal responses, and 
supplemented with the cue ranking data seen in previous studies (e.g. Taylor & Nee, 1988), to provide 
an in-depth understanding of householder target selection knowledge. However, researchers have yet 
to examine householders in this level of detail. Nee et al. (2015) only examined householder behaviour 
inside a property, whilst Nee et al. (2019) did not provide a detailed verbal analysis or cue ranking task. 
As such, this study did not comment on the types of cues householders process during target selection. 
Meenaghan et al. (2018) effectively analysed verbal responses in their study, which allowed them to 
provide greater insight into the types of cues burglars favour. However, this research was offender 
focused, and thus cannot yield information on non-offenders. In this regard, householder research is yet 
to capitalise on the full potential of VR.  
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Furthermore, the samples employed in previous research have been limited, with researchers 
typically recruiting smaller groups (e.g. Logie et al., 1992; Taylor, & Nee, 1988; Wright et al., 1995) or 
matched controls (e.g. Nee et al., 2019) in order to highlight the relative expertise of the burglars. As a 
result, householders have often been treated as a homogeneous group, with no examination of 
potential differences across different demographics. The role of context in burglary risk is already well 
documented, with certain groups (namely lower income and student groups) being more vulnerable to 
burglary than other populations (Barberet, Fisher, & Taylor, 2004; Barbaret, & Fisher, 2009; Osborn &, 
Tseloni, 1998; Tseloni, Wittebrood, Farrell, &, Pease, 2004). Additionally, it is clear that perceptions of 
burglary risk alter as a result of the experience possessed by an individual (both in terms of offender 
experience and previous victimization; Barbaret, & Fisher, 2009; Clare, 2011; Nee, & Ward, 2015). It 
therefore stands to reason that certain demographic groups (who may have differing levels of 
experience with burglary) may perceive risk differently, and therefore may demonstrate varying levels of 
target selection knowledge.  

The current study aims to address the above issues, by providing the most robust and detailed 
examination of householder target selection behaviour to date. Participants will be asked to put 
themselves in the shoes of a burglar, and scout a virtual neighbourhood of five houses, identifying any 
cues that help them select a house to steal from. It is expected that householders (across all groups) will 
fail to identify the risks posed by many environmental cues present in the neighbourhood. Based on 
previous research, they will demonstrate no preference for end of terrace houses or rear entry, and will 
demonstrate little awareness for the impact of other layout cues (such as vegetation); they will also 
demonstrate low awareness for cues relating to occupancy and wealth. However, it is expected that 
householders will be able to identify cues relating to household security (e.g. the presence of an alarm), 
and will consider these as key determinants in burglar target selection.  

To measure differences between participants, a sample of three householder groups (students, 
lower income non-students, and higher income non-students) will be recruited. By comparing the target 
selection behaviours of lower income and higher income householders, as well as comparing both 
groups to students, the current study will yield a greater level of specificity regarding the behavioural 
patterns of certain vulnerable demographics. This could allow future researchers to tailor any training to 
the specific behaviours of each group, providing focused prevention methods to those that need it most. 
As this aspect of the study is exploratory, the direction of any between-group differences is currently 
unclear.  

Method 

Participants 

 

An a priori power analysis was conducted using G*Power version 3.1.9.7. According to this 
analysis 33 participants per condition (99 in total) were needed to ensure that the study had sufficient 
statistical power (.90) and a large effect size (ηp² = .138) at the .05 significance level for a MANOVA with 
12 response variables. However, as data was drawn from the same sample as in Chapter 2, 179 
householders were recruited to take part in this study, with 159 (Mage = 33.81 years, SD = 15.31) of these 
contributing data to the later analyses. Of these participants, 52 were students (9 Male, 43 Female, MAge 
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= 21.00, SD = 5.46), 67 were higher income householders (29 Male, 38 Female, MAge = 38.89, SD = 11.55) 
and 40 were lower income householders (10 Male, 30 Female, MAge = 43.58, SD = 17.84).  

Students were classed as any participant currently in full time education at the University of 
Portsmouth. Participants not fulfilling this demographic were classed as non-students, and were divided 
based on their self-reported yearly household income. Participants with an annual household income 
greater than the national average (£27,500 at the time of testing; Office of National Statistics, 2018), 
were placed in the higher income group, while those below this threshold were classified as lower 
income householders. To prevent overlap between the groups, participants were not allowed to live in 
mixed student-non-student accommodation. Additionally, all participants were required to be 18 years 
or older, possess no previous history of offending, and consider themselves at least equally responsible 
for the security of their property (compared to other residents). Of the original 179 participants, 18 were 
excluded due to meeting one of the above criteria, whilst two were excluded due to technical failures 
during testing. This produced the final sample of 159 participants.  

Participants were not matched on any demographic variables, as it was thought that this would 
create householder groups that were unrepresentative of their wider populations. However, checks 
were performed post data collection to ensure that participants did not differ on certain variables that 
could have influenced their performance in the VR, or their level of burglary expertise. There were no 
differences in the number of hours spent gaming per week across the three groups (F(2,156) = .03, p = 
.987, nor were there any differences in participant’s VR immersion scores (F(2,156) = .78, p = .266), 
which were measured using an 11-item presence questionnaire (Witmer, & Singer, 1998). All 
participants reported presence scores greater than 44, which indicated high immersion within the 
virtual environment (VE). Finally, 15 participants reported being previous victims of burglary, whilst 
seven reported receiving previous burglary prevention training. However, there were no differences in 
how these participants were spread across the three groups (χ2 = 2.52, p = .280 and Fisher’s exact test = 
3.38, p = .171, respectively) and the number of participants reporting these experiences was deemed 
low enough to include them in the analysis. 

 

Materials 

The VE was created using Unity Pro 4.2. It consisted of five terraced properties designed to 
reflect the types of targets favoured by burglars (see Figure 1). This VE was a near-replication of that 
seen in Nee et al. (2019) and Meenaghan et al. (2018).  To preserve empirical control, house interiors 
were largely identical to one another, and featured a mixture of valuable and non-valuable items. 
External features were altered to increase realism, and make targets more or less attractive to 
participants. A bike and a car were located near each end-of-terrace house, whilst an alarm was also 
placed on the far property. Other alterations included the colours of doors and curtains, and whether 
front blinds were open, or partially closed. Each property also possessed a back garden, which similarly 
varied in external features (e.g. some houses contained gardening equipment and one house contained 
a child swing set). These gardens were fenced off, but could be accessed via a gate located in a back 
alley. 
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Figure 2.1 
The terrace of houses within the VE. Houses were numbered from house 1 (far left) to house 5 (far right). 
Participants were presented with this view upon entering the environment. 

 

Participants experienced the environment using an HTC Vive Head Mounted Display, which 
allowed for viewing in all directions via built-in accelerometers. Navigation was achieved using two HTC 
Vive controllers, which were also used to open and close the back gates. Unlike previous research (e.g. 
Nee et al., 2019) participants were not allowed to explore inside the properties, as measuring interior 
behaviour was not the aim of this study. However, participants were able to walk right up to the 
windows and doors, which offered a view of the living room and hallway. The rest of the environment 
could be freely explored, with the VR system capturing movement using time-stamped co-ordinate data. 
A digital voice recorder was used to capture participant verbalisations as they scouted the 
neighbourhood.  

In addition to the scouting task, participants were asked to complete two questionnaires, used 
to gauge their perceptions of target selection cues. The first questionnaire was a house ranking survey, 
in which participants were asked to rate each of the five target houses according to the likelihood that 
they would burgle the property (assuming they were an offender). Houses were ranked independently 
on a series of 5-point scales (1 = ‘I would definitely not choose to burgle this property’ to 5 ‘I would 
definitely choose to burgle this property’), with each scale being presented below a front facing picture 
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of that house. For clarity, houses were assigned a number, with House 1 being the furthest house in the 
terrace, and House 5 being the nearest. 

The second questionnaire was a cue ranking survey, in which participants were asked to rate a 
series of environmental cues (e.g. the house being located on the corner of a street’) based on their 
perceived level of importance to a burglar during target selection (1 = ‘not at all important to a burglar’ 
to 10 ‘very important to a burglar’). As in the house ranking task, cues were ranked independent from 
one another on separate scales. Cue selection was guided by previous offender-focused ranking tasks 
(e.g. Nee, & Taylor, 1988), as well as the researcher team’s extensive knowledge of relevant 
environmental features.  

Procedure 

Participants were recruited via study adverts, which were distributed around local community 
centres, university buildings and online participant portals. These adverts invited participants to take 
part in a burglary prevention study, and to email the experimenter for a time slot. Upon arrival at the 
laboratory, participants were presented with an information sheet and consent form. To avoid priming 
participants, the information sheet did not provide the full aims of the study, only stating that the aim 
was to ‘seek the opinions of ordinary citizens regarding the burglary risks that exist within their 
environment’. Participants were given the opportunity to ask questions, and were assured that their 
data would be anonymous. Signed consent forms were stored separately from any task data.  

Once written consent had been obtained, instructions were communicated regarding the 
subsequent task. Specifically, participants were informed that they were about to enter a virtual 
neighbourhood of five houses. They were asked to put themselves in the shoes of a burglar and pretend 
they were scouting for a house to steal from. Participants were instructed to think out loud as they 
scouted, focusing on what attracted or deterred them from the different properties. Following these 
instructions, a picture of the neighbourhood was provided (see Figure 1), and a video was shown 
outlining the equipment and controls to be used in the study. After the video, participants were given 
one final opportunity to ask any questions, before being fitted with the head-mounted display. It was at 
this point that the audio recorder was switched on, and participants began scouting the neighbourhood. 
Participants were encouraged to take as long as they needed to complete the task, and to inform the 
experimenter when they were finished.  

Following completion of this task, participants removed the VR equipment, and the audio 
recorder was switched off. The house ranking survey was then completed (whilst the neighbourhood 
was still fresh in participants’ memory), followed by the cue ranking task. Finally, participants were 
asked to fill out the demographics questionnaire, which included self-reporting any previous offence 
history. Participants were asked to place completed forms into an envelope, which was then sealed and 
left in a ballot box.  They were then compensated for their time with a £10 Amazon voucher, and given a 
full debrief to explain the true purpose of the study. Participation in the study took approximately 60 
minutes  

Design and Analysis 

This study used an independent design with one factor (Householder group: Higher income 
householder, lower income householder or student). To achieve the aims of the current study, 
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quantitative data was divided into three groups of dependent variables (DVs). These variables were: 
Scouting behaviours (time spent and distance covered scouting the neighbourhood), house ratings 
(participants’ mean scores for each item of the house ranking survey), and cue ratings (participants’ 
mean scores for each item of the cue ranking survey). For each DV, the descriptive statistics of the whole 
sample were first examined to provide insight into any general householder trends. Differences between 
the three householder groups were then analysed through appropriate multivariate (MANOVA) and 
Univariate (ANOVA) methods, whilst Bonferroni-corrected pairwise comparisons were used to interpret 
the directions of any significant univariate effects.  In addition to this, participants’ recorded 
verbalisations were analysed. A list of codes was created by noting down any commonly discussed 
features, or any rarely discussed features known to be salient to burglars. These codes were then 
analysed descriptively by examining the frequency at which each code was discussed by participants 
during the scouting task.    

Results 

Scouting behaviour  

Altogether, participants spent an average of 11.15 minutes (SD = 4.54) scouting the 
neighbourhood and covered a mean distance of 192.02 metres (SD = 93.78).  

A one-way between-subjects ANOVA revealed a significant effect of householder group on 
distance travelled in the neighbourhood (F(2, 156) = 4.31, p  = .015, ηp2 = .052), with higher income 
householders covering more distance (M = 212.81, SD = 104.84) than lower income householders (M = 
158.95, SD = 63.27, p = .012, d = .588). There were no differences between students (M = 190.67, SD = 
92.37) and either the higher (p = .413) or lower (p =.369) income groups.  

A one-way between-subjects ANOVA also demonstrated a significant main effect of householder group 
on time spent searching the neighbourhood (F(2, 156) = 4.87, p  < .001, ηp2 = .11). In particular, students 
took less time to scout the environment (M = 549.89, SD = 194.52) compared to both higher income 
householders (M = 715.06, SD = 273.41, p = .002, d = .682) and lower income householders (M = 748.26, 
SD = 308.44, p = .001, d = .792). There was no difference between the two income groups (p = 1.00)1. 

House rankings  

Table 2.1 
Participants’ average scores for each house in the ‘house ranking survey’. Means (M) and Standard Deviations (SD) 
are provided for the whole sample, and each of the three householder groups.  

 
  

Whole Sample 
 
N = 159 

Higher Income 
Householders 
N = 67 

Lower Income 
Householders 
N = 40 

Students 
 
N = 52 
 

House M (SD) M (SD) M (SD) M (SD) 
 

House 1  2.49 (1.50) 2.15 (1.46) 2.35 (1.42) 3.04 (1.47)  
 

                                                           
1 Since participants did not significantly differ on gaming experience or immersion levels, these were not included as 
covariates in time or distance analyses. As a check of robustness, these tests were rerun with the covariates 
included, and the direction of significance remained the same.   



 
80 

 

House 2  2.84 (.88) 2.88 (.90) 2.85 (.77) 2.77 (.94) 
 

House 3 3.04 (1.12) 3.06 (1.10) 3.38 (1.05) 2.75 (1.14) 
 

House 4 3.11 (.91) 3.22 (.92) 2.98 (.80) 3.08 (.90) 
 

House 5 3.98 (1.00)  3.81 (1.14)  4.08 (.94) 4.13 (.82)  
 

Inspection of the whole sample (see Table 2.1) indicated an incrementally increasing likelihood 
of choosing to burgle each house as participants moved up the road (from House 1 to House 5). A 5 x 3 
mixed factorial ANOVA was conducted with Householder Group (students vs. low income householders 
vs. high income householders) as the only between-subjects factor and House (1 vs. 2 vs. 3 vs. 4 vs. 5) as 
the only within-subjects factor. House ranking score was the dependent variable. There was no 
significant main effect of householder group (F(2, 156) = .91, p  = .404), although there was a significant 
main effect of House (F(2.9, 471.2) = 42.3, p  < .001, ηp2 = .21). Specifically, participants were less likely 
to burgle House 1 compared to House 3 (p = .006), House 4 (p<.001) and House 5 (p < .001; Table 2.1). 
They were also more likely to burgle House 5 compared to all other house (all p’s < .001) and were more 
likely to burgle House 4 over House 2 (p = .011; see Table 2.1). There were no other differences between 
the five different houses ( p’s range from .113 to 1.00).  

A significant Householder group X House interaction effect was also observed (F(6.14,478.94) = 
4.08 p  < .001, ηp2 = .05). A series of one way ANOVAs were run to examine householder group 
differences in ranking scores for each individual house. Students were significantly more likely to burgle 
House 1 than higher income householders (p = .003, d = .608), whilst lower income householders were 
significantly more likely to burgle House 3 than students (p = .023, d = .568; see Table 2.1). There were 
no other Householder group X House interaction effects (p’s range from .077 to 1.00).  

Cue Perceptions  

A complex picture emerged with regard to participants’ perceptions of cues across the study. 
Upon examination of cue ranking data (see Tables 2.2 and 2.3), it appears as though participants were 
able to correctly perceive the importance of certain environmental features for burglar target selection. 
Mean ratings across the whole sample (see Table 2.2) consistently fell within the upper half of the scale 
(e.g. scores higher than 5 on the 10-point scale; this signified at least some level of perceived 
importance), whilst the most frequent response to each cue fell within the upper quartile of the scale 
(e.g. scores higher than 7.5, which signified a considerable level of perceived importance). A between-
subjects MANOVA indicated a multivariate effect of householder group on cue ratings (with all cues in 
the ranking task entered as dependent variables; Wilks ƛ = .63, F(32, 284) = 2.3, p < .001, ηp2 = .206). 
However, perceptions of cue importance were not typically reflected in participants’ scouting 
verbalisations during the main task. Very few salient cues emerged from examining these verbalisations, 
with only a handful of features receiving a notable level of consensus among participants. Univariate 
differences in individual cue rankings across the three householder groups are discussed in more detail 
below, alongside an in-depth appraisal of participants verbalisations during the scouting task. 
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Table 2.2 

Average scores (across all participants) for each cue in the ‘cue ranking survey’. Means (M),  
standard deviations (SD), modes, and ranges are presented.  

 Cue Ratings  

 M (SD) Mode Range  

Security Cues     

CCTV 9.10 (1.10) 10 5 (5-10) 

Alarms 8.81 (1.22) 10 6 (4-10) 

Locks on Doors and Windows 7.91 (1.83) 8 10 (1-10) 

Layout cues     

Presence of Multiple Escape Routes  8.73 (1.28) 9 7 (3-10) 

Number of Vulnerable Entrances 8.64 (1.36) 9 10 (1-10) 

Rear Access 8.25 (1.62) 10 10 (1-10) 

Corner Houses 6.83 (2.10) 8 10 (1-10) 

Amount of Vegetation around the house 5.48 (2.70) 7  

Large Amounts of Natural or Artificial Light 6.64 (2.46) 8 10 (1-10) 

Community Surveillance Cues     

Being in a Neighbourhood Watch Area 7.07 (2.08) 7 10 (1-10) 

Presence of Nearby Teenagers.  6.16 (2.15) 7 10 (1-10) 

Presence of Nearby Mother  5.16 (2.44) 7 10 (1-10) 

N = 159    
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Table 2.3 
Means (M) and standard deviations (SD) for participants cue ranking scores, distributed along the three 
householder groups.  

 

 Cue Ratings 

 Higher Income 
Householders  
N = 67 

Lower Income 
Householders 
N = 40 

Students 
 
N = 52 

 M (SD)  M (SD)  M (SD) 

Security Cues     

CCTV 8.69 (1.55) 9.23 (1.03) 9.39 (.89) 

Alarms 8.69 (1.14) 8.83 (1.24) 8.98 (1.29) 

Locks on Doors and Windows 7.37 (2.09) 8.60 (1.03) 8.08 (1.77) 

Layout cues     

Presence of Multiple Escape Routes  8.48 (1.42) 8.75 (1.13) 9.04 (1.14) 

Number of Vulnerable Entrances 8.84 (1.48) 8.83 (1.15) 8.83 (1.32) 

Rear Access 8.22 (1.55) 8.63 (1.58) 7.98 (1.71) 

Large Amounts of Natural or Artificial Light 6.82 (2.32) 6.85 (2.64) 6.23 (2.48) 

Corner Houses 6.66 (2.09) 7.18 (2.04) 6.79 (2.16) 

Amount of Vegetation around the house 5.52 (2.41) 6.25 (2.91) 4.81 (2.76) 

Community Surveillance Cues     

Being in a Neighbourhood Watch Area 6.34 (2.11) 7.48 (2.00) 7.63 (1.89) 

Presence of Nearby Teenagers.  5.73 (2.15) 6.40 (2.12) 6.52 (2.13) 

Presence of Nearby Mother  4.81 (2.48) 4.75 (2.30) 5.94 (2.35) 

 

Univariate analysis and qualitative verbalisations  

Security cues 

As expected, security cues were typically among the highest rated factors in the ranking task. In 
particular, CCTV and alarms were frequently perceived as being very important for target selection, with 
most responses for these cues concentrated towards the highest end of the scale (see Table 2.2). These 
overall patterns were also consistent across the householder groups (see Table 2.3), although there 
were differences between householder groups for ratings of CCTV (F(2, 156) = 5.17, p  = .007, ηp2 = .06) 
and locks (F(2, 156) = 6.35, p = .002, ηp2 = .075). Students assigned greater ratings to CCTV compared to 
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higher income householders (p = .008, d = .536), whilst locks were rated higher by lower income 
householders compared to higher income householders (p<.001; d = .693; see Table 2.3). There were no 
other significant differences between householder groups in ratings of CCTV or Locks (p’s range from 
.094 – 1.00).   There were no differences for ratings of alarm importance between the three 
householder groups (F(2, 156) = .856, p  = .43, ηp2 = .011).  

Also in line with initial expectations, security features were among the most commonly cited 
cues during the scouting task. The alarm on House 1 received particularly high levels of attention, with 
60% of participants (N = 96) being deterred by this feature: 

‘This one’s got an alarm on it. So that’s completely out of the question’ (participant 147). 
‘House one has a burglar alarm, so that's the only house I wouldn't steal from’ (participant 114). 

The fences around the back gardens were also a commonly noted security feature, although 
there were somewhat mixed perceptions regarding their deterrence ability. Most participants who 
commented on this feature (30%, N = 48) perceived the fences as being easily climbable, and therefore 
an attractive method of entry into the property. However, 27 participants (17%) perceived these fences 
as difficult to climb, and therefore an effective security measure for preventing entry. Occasionally, 
participants would also discuss the small picket fences around the front of the property, with 11% (N = 
17) suggesting that these were a weak security measure as they did not prevent offenders approaching 
the front door: 
 
‘It would be very easy to climb them (the back fences) and once you're over them, you could very easily get into 
the house’ (participant 33). 
‘They could do with having a gate at the front, people could easily jump over that (front fence). They’ve got a good 
fence around the back which deters people from going in’ (participant 106). 
 

The only other commonly discussed security features were the locks on the doors and windows. 
However, as with the fences, participants were somewhat divided as to whether these locks were 
effective or not. Most participants who commented on the locks viewed their presence as an effective 
deterrent (23%, N = 36): 
 
‘There's a lock on the back door of house 5, so there's not really any way of getting in there’ (participant 16).  
 
However, some householders (10%, N = 16) provided a more in-depth analysis of the locks, suggesting 
that they were simplistic or old-fashioned, and therefore could be exploited: 
 
’It's just one lock to open the door. Like it's just one thing. That's just a really old school lock, and that's like the 
first and only defence to get through the front door’ (participant 176).  

Despite being perceived as the most important cue in the ranking task (see Table 2.2), only 13% 
of participants (N = 20) noted the absence of CCTV in the neighbourhood. When noted, the absence of 
this cue was always considered an attractive feature of the neighbourhood.  

Layout Cues  
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Layout cues received a more mixed response than security cues, but, in contrast to initial 
expectation, were still largely considered important for target selection (see Table 2.2). The presence of 
multiple escape routes, number of vulnerable entrances, and presence of rear access were considered 
some of the most important cues in the survey, whilst lights, corner houses and vegetation were all 
considered among the less important cues (see Table 2). There was a difference in ratings of vegetation 
between the three householder groups (F(2, 156) = .856, p  = .035, ηp2 = .041), with lower income 
householders assigning greater importance to this cue compared to students (Table 2.3; p = .032, d = 
.511). There were no other significant differences between the groups across any of the layout cues (p’s 
range from .052 – 1.00). 

Layout cues were also discussed with a similar level of variation in the main scouting task. The 
most commonly cited layout cue was the high level of visibility available when looking into the houses. 
This was seen as an attractive feature of the neighbourhood, as it allowed participants to scout for any 
valuable items that were present in the living room or hallway. Comments regarding increased visibility 
were focused around the lack of curtains on house 5 (66%, N = 105), the large front windows at each 
house (34%, N = 55), and the open plan design of the ground floors (20%, N = 32): 

‘I think the fact they have big front windows and open plan means that they are a bit vulnerable because you can 
see everything from the front’ (participant 57) . 
‘House 5 has no blinds or curtains, so I can see right in. I can see all their belongings so I know what they have. It 
makes it more vulnerable. If they had … for example.. their phone on the table, I'd be able to see it’ (participant 
83). 
 
 

Despite rear access being considered very important by participants in the ranking task (and 
being highly favoured by burglars), behaviour in the scouting task did not reflect this. Participants 
appraisal of rear access in the scouting task was more in line with initial predications. Overall, the 
majority of participants (52%, N = 83) failed to notice the open windows at the back of the property, 
whilst only 19% of participants (N = 30) noted that the unlocked back gate offered an easy route into the 
rear of the house. Only 25% (N = 31) commented on the back alley as an attractive feature of the 
neighbourhood: 
 
‘These little back alleys here are quite hidden though. If I was robbing something, this would be a good entry point 
around the back’ (Participant 18). 
 
By contrast, 32% of participants (N = 50) were attracted to the front door of the property, either 
because of a perceived security weakness, because of its proximity to the main road, or because the 
glass in the door allowed them to examine the hallway in more detail:  
 
‘All houses should be fitted with mailboxes to the side. Letterboxes in the door are the prime source of easy access 
to a property in my opinion’ (participant 154). 
‘There's no gate (at the front). Gates tend to keep burglars out, they don't tend to want to open anything’ 
(participant 174). 
 
Corner houses were seen as attractive by a small group of participants (12%, N = 19), due to their ease 
of access and escape: 
 
‘The end one is the most vulnerable, because it gives you … if you're in you have a means of escape at the back and 
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sides. You're out and away. Whereas if you're in the middle, you have to go over other properties before you can 
escape’ (participant 164).  
‘House number one and house number five are more vulnerable because they are end of terrace houses. I know 
that because it happened to me. You've got easier access to those houses’ (participant 123). 
 

Finally, the relatively low rating assigned to vegetation in the ranking task (see Table 2.2) was 
reflected in the scouting task, with only 3% of participants (N = 5) discussing this cue.  

 
Community surveillance  

Whilst all cues were perceived as important for target selection, community surveillance 
features were frequently ranked among the lowest. This was true across all three householder groups 
(see Table 3), although was a main effect for householder group in terms of the neighbourhood watch 
cue (F(2, 156) = 6.70, p  = 002, ηp2 = .080) and the ratings of the ‘nearby mother’ cue (F(2, 156) = 4.09, p  
= .019, ηp2 = .05). For the former, higher income householders assigned less importance to the 
neighbourhood watch cue compared to students (p = .003, d = .618) or lower income householders (p = 
.023, d = .525). For the latter, students assigned more importance to the ‘nearby mother’ cue compared 
to the higher income householders (p = .034, d = .468). There were no other differences between the 
householder groups for the neighbourhood watch cue, the ‘nearby mother’ cue or the ‘nearby teenager’ 
cue (p’s range from .057 to 1.00). 

In congruence with the lower average ratings, participants rarely discussed community 
surveillance features in the main task. Only 39% (N = 62) made any comment about potentially being 
seen by other residents in the neighbourhood:  
 
‘About all of them I feel like they (the houses) are all very close together. It could be that people are watching’ 
(participant 3). 
‘It's quite handy that there's nothing opposite (the front of the houses). I don't think anyone would be watching’ 
(participant 111).  

It is also worth noting that participants rarely made occupancy judgements during the scouting 
task. When participants did discuss occupancy, it was mostly in relation to the open windows (3%, N = 5) 
the presence or absence of cars (15%, N = 24), or the visible lack of people inside the neighbourhood 
(13%, N = 21):  

‘There's a lack of cars and people. It possibly suggests that everyone is away at work, so it's a good time to break 
in’ (participant 144). 
I'm not an experienced burglar, but there’s no people watching because everyone is working; I can't see anyone in 
(participant 127). 

Whilst 93% of participants (N = 147) commented on the bikes outside houses 1 and 5, not a 
single participant viewed this as a sign of occupancy (85% saw the bike as something worth stealing, 
whilst 9% viewed this feature as an escape option). There were also no significant differences for 
verbalisations of this cue (Fisher’s exact test = 3.34, p = .51). 

Wealth cues  
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Only two wealth cues were discussed in the scouting task by a notable number of participants, 
with 7.5% (N = 12) making a judgement based on the middle-class decor inside the properties, and 10% 
(N = 16) highlighting the car outside House 1 as being indicative of high wealth:  

‘I think maybe the car, it kind of looks expensive. So people might think that it is a rich area’ (participant 99). 
‘Having a car next to the house could show that they have money, which could be prone to burglary’ (participant 
43). 
 
Additionally, many householders struggled to identify the types of items that were worth stealing from 
the houses. Although 32% (N = 50) of participants were attracted to the items commonly taken by 
offenders (i.e. smaller concealable items), another 32% (N = 50) were attracted to larger, less expensive 
items that burglars would not typically favour: 
 
‘Any burglar can see anything worth stealing, and it would be the big TV I guess’ (participant 139). 
‘I can see some exciting stuff inside. Looks like they've got a music player in the kitchen, some flash looking 
electronic kitchen kit, microwave, fridge freezer’ (participant 146). 
‘Somebody might want to steal your front bench. In fact, knowing burglars they probably would do’ (participant 
179).  
 
 
 

Discussion  
 

Previous research (e.g. Nee et al., 2019) has suggested that householders lack the offence-
specific knowledge possessed by experienced burglars, and are therefore unable to perceive factors in 
their environment that may leave them vulnerable to burglary. The present study explored this idea in 
more detail, recruiting a sample of non-offenders to scout a simulated neighbourhood rendered in VR. 
The present study extended the work of previous VR burglary literature (e.g. Meenaghan et al., 2018; 
Nee et al., 2019; van Gelder et al., 2017) by supplementing real-time behavioural data with 
householders’ scouting verbalisations (and quantitative survey data) to provide the first in-depth 
analysis of householders’ cue perceptions in a contextually accurate environment.  Additionally, the 
present study was the first to examine multiple groups of householders, allowing for differences in risk 
perceptions to be explored across demographics. It was hoped that such in-depth analysis could provide 
further insight into the knowledge gap between non-offenders and expert burglars, which in turn could 
inform future prevention training.  
 

In regards to householders’ perceptions of burglary risk, the present study was able to replicate 
many of the conclusions seen in past literature. As with previous householder studies (Logie et al., 1992; 
Nee & Taylor, 1992; Wright et al., 1995), participants overestimated the importance of security cues, 
ranking the alarm and CCTV as the most important factors for burglar target selection. In reality, 
burglars typically perceive security as a factor that can be easily overcome by exploiting other 
vulnerabilities in the neighbourhood (such as open windows or lack of occupancy; Hearndon & Magill, 
2004; Nee & Meenaghan, 2006; Palmer et al., 2002). Given the high prevalence of such security 
mechanisms among homeowners (Tseloni et al., 2018) it is not surprising that participants believed 
these to be the most important cues in burglar target selection. This perception is also in line with 
recent surveys that found householders to view security devices as the most effective and 
recommendable prevention measures (Lee et al., 2008; Roth, 2017). It is clear that these misconceptions 
held by householders about alarms and CCTV need to be addressed, particularly if alarms increase 
burglary risk as suggested in previous research (Tilley et al., 2015) (and given that householders tend to 
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rely on a single security device to protect their homes; Tseloni et al., 2017; Roth 2017)). Training 
householders to understand the deficiencies of security devices (and to better recognise their risk 
creating behaviours) should be a main goal of future prevention training.  
 

In contrast to initial expectations, householders in the current study were able to demonstrate 
some awareness for the role of layout cues in burglary risk, correctly ranking certain layout features 
(vulnerable entrances, rear access, multiple escape routes) as being important to a burglar. It is 
somewhat encouraging that householders could correctly perceive the importance of certain cues, as it 
demonstrates a reasonable level of risk understanding. Thus, it is possible that householders already 
possess some relevant burglary schemas (Nee, & Ward, 2015), which would represent an encouraging 
baseline for any future prevention training.  However, householders did not recognise the relative 
importance of other layout cues, including corner properties, vegetation, or light sources, which have all 
been favoured by burglars in previous research (Bernasco & Luykx, 2003; Coupe & Blake, 2003; Nee & 
Taylor, 2000; Nee et al., 2019). This is similar to householder behaviour in Taylor and Nee (1988), where 
both non-offenders and burglars rated rear access as being an important cue, and used layout cues to 
perceive a detached house as being more vulnerable. However, only the offenders noted the increased 
vulnerability of corner properties, which influenced their ratings of other houses in the neighbourhood. 
The fact that householders were unaware of the vulnerabilities associated with a corner property was 
also demonstrated in a recent VR study by Nee et al. (2019), and hence this is a clear knowledge gap 
that needs to be addressed in future training methods.  
 

For the first time in householder research, this study analysed the types of cues used by 
householders when scouting a VR neighbourhood. In doing so, the present study simulated many 
contextual cues present in a real residential area, and thus could explore householder cognitions in a 
more contextually relevant setting. Contrary to their perceived importance in the ranking task, 
participants rarely cited key layout cues (e.g. open windows, the unlocked back gate, and the presence 
of the back alley) when scouting the neighbourhood. Additionally, householders rarely made occupancy 
or wealth judgements, which have also been considered important factors of burglar target selection 
(Nee, & Taylor, 2000; Palmer et al., 2002; Wright & Logie, 1988). These findings broadly align with 
previous comparison studies (Logie et al., 1992, Nee, & Taylor, 2000; Wright et al., 1995) in suggesting 
that householders do not understand the types of target selection cues favoured by burglars. However, 
the current research also suggests a disparity between householders’ perceptions in a residential 
setting, and their cue perceptions in a ranking task. It appears as though householders were able to 
justify the importance of certain layout cues when they were primed to do so (in the ratings task), but 
failed to discuss these same features in the virtual neighbourhood. It may be that householders 
possessed some tacit knowledge of burglar behaviour (possibly gained through publicity campaigns or 
previous burglary experience; Bowers & Johnson, 2003; Tilley & Laycock, 2000), which they then drew 
upon when asked to rate the importance of these cues. However, they may not have possessed the 
ability or experience to link this knowledge to features in the environment when exploring the 
neighbourhood. Burglars are said to assess cues using complex and interconnected mental schemas 
(Nee, & Ward, 2015; Meenaghan et al., 2020). Householders may possess more rudimentary schemas, 
and may not have developed the level of expertise needed to draw on these cognitions whilst scouting a 
neighbourhood. The disparity between householder’s rankings and their performance in the VR 
highlights the benefits of placing householders into a more contextually relevant setting, and highlights 
the value of these emerging technologies to capture previously unseen data; further research should 
continue to use and improve on VR methodologies for studying criminogenic settings.   
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The lack of householder expertise (compared to burglars) can also be seen when examining the 
three cues favoured most in the scouting task. These cues (the alarm, bicycle and lack of curtains) were 
highly salient visual features, and were arguably the most noticeable differences between the five 
houses. Householders appeared to place heavy emphasis on these particular factors, ranking House 5 
(with no curtains and a bike) as the most attractive property, and House 1 (with the alarm) as the least 
attractive. Fewer participants appeared to notice more implicit differences between the properties, with 
Houses 3 and 4 preferred to House 1 despite the fact that the latter was a corner property. This reliance 
on salient visual cues could suggest a lack of perceptual and spatial awareness among the householders, 
a trait often demonstrated by novices in expertise research (Nee, & Ward, 2015). In a previous 
exploration of this VE (Meenaghan et al., 2018), burglars demonstrated awareness for these visual 
features, but showed a greater focus and preference for more implicit cues (e.g. cues that implied 
wealth). Burglars have also demonstrated more complex responses to the cues highlighted by 
householders in the current study, making occupancy and wealth judgements from the presence of 
vehicles (Logie et al.,1992; Meenaghan et al., 2018), and being attracted to the presence of an alarm 
(Nee, & Taylor, 2000); very few participants demonstrated such behaviour in the present study. This 
appears to support a superior level of cue recognition and perceptual awareness among burglars (Nee, 
& Ward, 2015), with householders failing to demonstrate the same level of expert processing. Given this 
lack of householder expertise, it is clear that future training should provide more than a simple 
transmission of prevention knowledge. There is a need for a more experiential training method, in which 
householders can develop and practice the behavioural and cognitive scripts needed to perceive 
burglary risk in a similar manner to burglars. Perhaps immersive VR methodologies may hold the key to 
simulating such experiences. 
 

Patterns of behaviour were consistent across all three householder groups (students versus 
lower income householders versus higher income householders), suggesting that lack of burglary risk 
understanding may be a common trait across non-offenders regardless of this demographic. However, 
there were some group differences between householder groups, which may indicate the need for 
future demographic specific interventions. For example, all groups assigned community surveillance 
cues a low rating in the ranking task, which is in contrast to the well-documented deterring effect of 
guardianship in previous research (Hollis-Peele et al., 2011; Moir, et a., 2017; Reynald, 2009; van 
Sintemaartensdijk et al., 2020). However, higher income householders appeared to rank these cues 
lower than the other two groups. Routine Activities Theory (Cohen & Felson, 1979) may provide one 
explanation for this, in that higher income householders may have less opportunity to act as guardians, 
because they spend more time away from the property (e.g. at work; Tilley et al., 2011). Since higher 
income householders they have fewer chances to act as guardians in their everyday life, they may have 
fewer chances to perceive its effectiveness. This would explain its lower rating in the current study.  It is 
also possible that these differences are due to other variations between the groups, such as 
neighbourhood cohesion. Studies have highlighted the role of social cohesion in affecting the likelihood 
of guardian intervention, with areas of higher social cohesion leading to increased guardianship 
(Sampson et al., 1997). It may be that the higher income householders in the present study originated 
from areas of lower social cohesion (compared to the other groups) and therefore had a decreased 
perspective on the effectiveness of guardianship measures. This latter explanation highlights the 
possible mediating role of additional demographic variables in participants’ risk perceptions, which was 
not examined in the current study. Future research should focus on further examining mediators, such 
as social cohesion, so as to expand current knowledge on differences in burglary risk knowledge 
between different groups of householders.  
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Another notable difference between the three householder groups was that students spent less 
time in the VE than both income groups. Given the overall lack of burglary risk knowledge among 
participants, the lower time spent by students in the VE may suggest that they struggle to notice even 
the most salient burglary cues in the environment. In this respect, students appear to be ‘naivettes’ (Chi, 
2006; Nee et al., 2019), characterised not only by a lower level of offence expertise, but by a near total 
ignorance of the burglary domain. This would align with the conclusions of previous research (Barberet, 
& Fisher, 2004; Barberet, & Fisher, 2009), in which students would often overlook security features 
present in their accommodation, and would frequently engage in risk creating behaviours (such as 
leaving doors unlocked). In one respect, the collective conclusions of current and previous research 
could suggest that more focused student burglary prevention training is necessary. However, many 
university departments already run burglary prevention training, for which students appear to be largely 
unaware (Barberet, & Fisher, 2009). Therefore, the issue may not simply be the prevalence or context of 
the training, but how such training is advertised. This is an important consideration for the development 
of future prevention methods, but is also a possible area of further exploration. Research is yet to 
examine how best to advertise burglary prevention training to a student population. The combination of 
such research, alongside an experiential, immersive training measure could contribute to a significant 
reduction in student burglary prevalence.  
 

In closing, certain limitations of this research must be addressed. First, the nature of the task 
was not necessarily reflective of the role householders occupy within their neighborhood. It is a 
common aspect of many comparison studies (Nee et al., 2019; Nee, & Taylor, 2000; van 
Sintemaartensdijk et al., 2020) to ask participants to put themselves in the shoes of a burglar during a 
task. However, such an instruction does not necessarily reflect householders’ main goal when assessing 
risk in real life, which is to protect their home from being burgled. It may be more relevant to ask 
participants to engage in a protective mindset during a scouting task, which may be a more effective 
trigger for householders’ risk assessment schemas. That being said, a previous examination into the 
effect of perspective (Wood, 1991) suggested a beneficial impact of asking participants to think as an 
offender. In this task, individuals thinking as burglars demonstrated greater memory for security 
features (from a passage of text relating to a residence) than those not given this perspective. 
Therefore, it may be that the current instructions are improving risk assessment, and that performance 
would be worse when asked to think as a householder. Future research should examine the effect of 
perspective in greater detail, by suitably altering task instructions given to participants. 
 

Second, there are limitations to the current virtual environment, such as not being able to 
simulate multiple types of residences (it may be that students would assess risk more accurately in a 
student accommodation), not being able to reflect the risk of a real life burglary event (which could 
induce physiological and behavioral differences; van Gelder et al., 2017), and limiting participants to an 
exploration of five houses (a larger neighbourhood would represent a more realistic environment, and 
could allow for more variation in risk cues). All of these issues could be overcome in future research, 
with advances in technology already allowing for larger neighborhoods to be developed (e.g. van 
Sintemaartensdijk et al., 2020) and allowing more immersive haptic or auditory systems to be 
implemented into VR systems (Kim et al., 2017; Smith, 2019). The fact we were able to replicate the 
broad conclusions of previous research gives us confidence that these limitations did not adversely 
impact the validity of the study, and that broader patterns of risk understanding were captured 
accurately by the tasks incorporated within the current study.  
 
Conclusion 
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Previous research has highlighted a considerable gap in knowledge between experienced 
burglars and the general population. Householders seem to lack the discriminate and efficient target 
selection behaviours of offenders, and often fail to identify many important environmental cues that can 
increase burglary risk. The current study was able to replicate these findings in a more immersive 
setting, using a larger sample of householders. By supporting previous findings, the current study 
highlighted many areas of focus for future burglary training (e.g. informing householders of the 
vulnerability of corner houses, or the deficiencies of security measures). The findings also align with 
expertise research (Nee & Ward, 2015) by suggesting that householders may need to develop more 
detailed and complex cognitive schemas in order to correctly perceive burglary risk in their 
environment. Simulated VR environments may offer an effective method of developing these cognitions, 
allowing householders to practice perceiving risk in a contextually relevant environment. However, 
future research is needed to test the effectiveness of such a training method. 
 

The current study offered the first empirical insight into how cue perceptions differ across 
demographics. Students appeared to be the most vulnerable group (in terms of their level of risk 
understanding versus their victimization rates), although differences were identified across all three 
householder groups. Future research should focus on replicating these differences across alternative 
residential scenarios, as well as exploring the mediating effect of other demographic variables, such as 
social cohesion. This would provide further understanding of any inter-group differences, which would 
allow for more focused burglary prevention training to be developed. Altogether, the current study 
contributes novel insight into householders’ current burglary risk perceptions, which offers a good basis 
for developing more effective training methods. Thus, the current study represents a positive first step 
towards the reduction of burglary prevalence. 
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Chapter 4: Learning to prevent burglaries: 
Using simulated environments to improve 

householders’ understanding of burglary risk. 
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Abstract 

 

Research has established VR as a useful tool for training and knowledge acquisition across a number of 
domains, including medicine (Gurusamy et al., 2009), fire safety (Backlund et al., 2007) and university 
education (Makransky et al., 2019). The possibilities of VR have also been explored in the field of 
burglary prevention, with research demonstrating the benefits of the technology for exploring gaps in 
burglary risk appraisals between expert offenders and novice householders (Nee et al., 2019). The 
current study aims to merge these two strands of VR literature, providing the first instance of research 
in which VR is used to train householders to better appraise burglary risk. Participants (76 non-offending 
adults) were randomly assigned to one of three training groups, in which they were provided with 
scripted burglary prevention training. Two groups received the training in a virtual environment (either 
presented through a VR headset or on a computer), whilst the third group received the training by 
reading a webpage of text. All participants then completed a mock burglary to assess their knowledge of 
burglary risk. It was found that those who received the training through a VR headset demonstrated 
better subsequent performance in the mock burglary than either of the other two groups, stealing 
greater numbers of smaller, higher value items, being more likely to enter via the back of the property, 
and being more likely to target end of terrace houses. This indicated a better understanding of burglary 
risk for those in the VR training. Future possibilities of VR training in the field of burglary prevention are 
subsequently discussed.  
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Introduction 

The role of householders in burglary prevention cannot be understated. Prevailing theories of 
crime, such as rational choice (Cornish & Clarke, 1987) and routine activities (Cohen & Felson, 1979) 
frameworks, highlight that burglar behaviour is influenced by their cost-benefit analyses of suitable 
targets, as well as the capability of any nearby guardians (Cohen & Felson, 1979; Cornish & Clarke, 
1987). As householders are largely responsible for the security of their residence, and can provide 
guardianship over their neighbourhood, they have the capacity to influence these offence-related 
factors, and therefore can play a key role in burglary prevention (Cohen & Felson, 1979; Felson & Clarke, 
1995). Indeed, many researchers have attributed a decades long decline in burglary prevalence to 
increases in household security (Farrell, 2021; Tseloni et al., 2010), with householders adopting a more 
routine use of high-quality combinations of security features, such as motion activated lights and tough 
locks on doors or windows (Felson & Clarke, 1995; Tseloni et al., 2016). Burglars have been shown to be 
aware of these increases in security (Nee, 2015) and have reported being deterred by many of these 
target hardening measures (Wright & Decker, 1994). Research has also demonstrated significant drops 
in recorded crime rates across streets exhibiting larger levels of observed monitoring and intervention 
by householders (Hollis-Peel & Welsh, 2014; Moir et al., 2017; Reynald, 2009).  

The idea of householders as a component of burglary reduction has underpinned many 
prevention projects over the last few decades. For example, multifaceted successful burglary reduction 
projects such as the Kirkholt Burglary project (Forrester et al., 1988; Forrester et al., 1990), the 
Hartlepool project (Sturgeon-Adams et al., 2005), and the Tenmouth project (Crawford & Jones, 1996) 
all included elements of community based crime prevention initiatives, such as improving householder 
burglary awareness (i.e. through flyers or seminars), establishing community support teams, establishing 
neighbourhood watch groups, and interviewing victims of burglary to establish key security needs. There 
is an underlying pattern throughout these prevention projects that the support and co-operation of 
householders was beneficial in the success of these projects, and that further development would see 
these projects become more community led, and greater influenced by the needs of the residents (as 
opposed to other stakeholders; Forrester et al., 1988). Altogether, it is clear that householders represent 
a key component in the disruption of the burglary offence chain.  

Despite the success of previous prevention projects, burglary remains a highly prevalent and 
costly crime. In England and Wales alone, nearly 700,000 incidents of burglary or attempted burglary 
were recorded last year (Office for National Statistics [ONS], 2020). Given that victims of burglary lose an 
average of £2420 per incident (Shaw, Morgan, Mineva, Hoare & Stevenson, 2015) and potentially 
develop symptoms of Post-Traumatic Stress Disorder (PTSD) comparable to victims of violent crime 
(Angel et al., 2014), it is not surprising that residential burglary is the crime feared most by the general 
public (Bullock et al., 2009; Warr, 2000). Given that these financial costs are only increasing (Shaw et al., 
2015), and the severe extent of the emotional costs for victims, it is clear that additional crime-
prevention-focused research into burglary is necessary.  

One potential way of further reducing the prevalence of burglary is to further improve 
householder’s understanding of burglar behaviour. Despite a focus on this in some previous burglary 
projects (e.g. Sturgeon-Adams et al., 2005), there remains a considerable gap in householder’s 
knowledge of burglary risk. Chapters 2 and 3 of the current PhD thesis highlight that householders 
consistently leave opportunities for burglars by placing valuable items in areas of the home most 
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frequented by burglars (such as first floor master bedrooms; Nee et al., 2019). Householders are also 
unaware of many key aspects of burglar target selection, not recognising the increased vulnerability 
associated with rear entry, corner properties, cues that demonstrate lack of occupancy (e.g. a build-up 
of junk mail by the front door), or cues that demonstrate high wealth (e.g. an expensive looking vehicle 
parked nearby). They did not perceive the deterring ability of motion activated lights or guardianship. All 
of these features have been demonstrated as key target selection cues by burglars across a range of 
interviews, ethnographic, and experimental designs (Bernasco & Luykx, 2003; Meenaghan et al., 2018; 
Nee, & Meenaghan, 2006; Nee et al., 2015; Nee, et al., 2019; Palmer et al., 2002; Wright & Decker, 
1994). The knowledge gap between burglars and householders has also been demonstrated in many 
comparison studies, with householders displaying a notable lack of offence related knowledge 
(compared to expert burglars) when asked to complete mock burglaries (Nee & Taylor, 2000; Nee et al., 
2019) or identify burglary related cues from house photographs (Logie et al., 1992; Wright et al., 1995). 
By contrast, repeated experience has allowed burglars to develop cognitive short-cuts and scripts based 
on actions that have previously been beneficial in completing burglary offences, affording them a high 
level of expertise in the burglary domain (Nee & Ward, 2015).  

Collectively, previous research clearly suggests that householders lack a fundamental 
understanding of how burglars operate. It is therefore likely that many individuals are unable to take 
necessary preventative action to reduce their victimisation risk (Nee et al., 2019). The current study set 
out to reduce this knowledge gap among householders, by capitalising on recent advances in Virtual 
Reality (VR) technology to develop a novel method of burglary prevention training. VR has long been 
viewed as an effective training tool in other research/ educational areas (e.g. surgical training for 
doctors) and is considered an ethical and efficient way of developing beneficial behaviours in these 
fields (Gurusamy et al., 2008). The use of VR methodologies has also become increasingly prevalent in 
contemporary criminal justice literature (Cornet & van Gelder, 2020), offering researchers 
unprecedented opportunities to simulate criminogenic events, as well as measure offending behaviour 
in real time (van Sintemaartensdijk et al., 2020). However, VR is yet to be used in criminal justice 
literature as a prevention tool. For the first time in burglary literature, the current study hopes to 
produce a training tool that will recreate the contextual cues of a neighbourhood, evoking more realistic 
cognitions, emotions and behaviours compared to conventional training methods (e.g. webpages, 
seminars, or flyers; Alpert et al., 2001; Bias, 2020; Barbaret & Fisher, 2009). It is hoped that this will lead 
to changes in cognitions and behaviour upon exiting the simulation (Seinfeld et al., 2018), which will in 
turn lead householders to develop a greater understanding of burglary risk, so they can ultimately help 
to protect their own homes.  

VR in previous criminology research  

The idea of measuring burglary related behaviour in real time has long been seen as an effective 
methodology to use alongside interviews or ethnographic research, as it reduces the reliance on 
memory, and therefore reduces any drawbacks associated with false or incorrect recall (Nee & Taylor, 
2000; Tulving, 2002). Originally, simulated neighbourhoods were achieved using maps and slides, in 
which participants (largely experienced burglars) would navigate around the environment by calling up 
pictures on a random access slide carousel (Taylor & Nee 1988). Burglars in these studies demonstrated 
similar systematic patterns of behaviour to those described in interview studies (e.g. Nee & Taylor, 
1988), demonstrating the effectiveness of these methods at capturing offender behaviour. More 
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recently (Nee et al., 2015; Nee et al., 2019; van Sintemaartensdijk et al., 2020), VR has been used instead 
of maps and slides to simulate these neighbourhoods. VR methodologies are believed to reinstate the 
contextual cues of an event, by simulating realistic criminogenic environments; thus allowing 
participants to respond to stimuli similarly to how they would in a real life situation (van Gelder et al., 
2019). This in turn allows researchers to measure behaviour in real time, with a high level of 
experimental control, and in a more ecologically valid setting (van Gelder et al., 2014).  

In a study by Nee et al. (2015), participants (experienced burglars and novice students) were 
asked to complete a mock burglary in a real house, and another mock burglary inside a virtual 
representation of the house rendered on a computer. This study was able to replicate the results of 
previous burglary research (e.g. Nee & Meenaghan, 2006), with burglars demonstrating much more 
systematic and expert exploratory behaviours (compared to novice students), targeting small, easy to 
conceal valuable items (e.g. jewellery and money) and focusing their attention on the upstairs bedroom. 
In addition to this, participants also demonstrated similar behaviours across the real and simulated 
houses. This highlights the effectiveness of VR at capturing real time behavioural data that is consistent 
with many years of previous burglary research (Nee, 2015), and also consistent with behaviour produced 
in real life environments (Nee et al., 2015). It therefore appears as though VR is an effective tool for 
reinstating the contextual cues of a neighbourhood and reliably replicating real-lifebehaviours. 

Beyond behaviour, VR has also been shown as effective in replicating emotions and cognitions in 
criminogenic scenarios. In one such study by van Gelder et al. (2017), university undergraduate students 
were asked to complete a mock burglary in a simulated environment using a VR headset. Half the 
participants were also warned about their chances of being apprehended. Physiological and subjective 
responses were recorded alongside participant’s burglary behaviour. Participants reported high levels of 
presence in the Virtual Environment (VE) and also demonstrated increased heart-rates whilst 
completing the mock burglary. Participants who were given the warning spent less time in the house, 
and stole fewer items. This further demonstrates VR’s capability to mimic the real life context of a 
criminogenic event, and influence participants at a physiological and cognitive level. Similar results were 
also demonstrated in a non-burglary study by van Gelder et al. (2019) in which participants either read a 
scenario (focusing on a bar fight) or experienced the scenario in VR. They were then asked to report on 
their emotional state, perceptions of risk, and their level of presence. It was found that participants who 
witnessed the fight in VR reported higher intention to aggress, as well as higher feelings of presence and 
realism than those who merely read the scenario. This demonstrates that immersive VR can have a 
profound effect on participant’s emotional state and their behavioural intentions, above and beyond the 
effects produced by reading information.   

The findings of previous research into VR and burglary are particularly relevant when it comes to 
training householders. In Chapter 3 of the current PhD thesis, it was suggested that to reduce their 
burglary risk householders may need to develop more detailed cognitive burglary schemas and develop 
a level of expertise more comparable to burglars (Nee, & Ward, 2015). Simulated VR environments may 
offer an effective method of developing these cognitions, allowing householders to practice perceiving 
burglary risk in a contextually relevant environment, and therefore also allowing for context specific 
encoding (Frey, & Adesman, 1976) to aid recall when a participant is in their own house. VR may allow 
for benefits beyond that of existing text based training methods (such as webpages or flyers), by having 
a higher effect on participants’ underlying physiological or emotional states. Given the well-established 
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links between physiology, emotion, and motivation (Bradley, & Lang, 2007), it is possible that VR will 
provide participants with a greater motivation to act following the study, leading to greater real-life 
preventative behaviours. However, as of yet this is all speculative. No study has examined the 
effectiveness of VR as a burglary training tool, thus its impact, and possible benefits over existing 
methods, are still unclear.  

VR as a training tool in other scientific fields  

Despite the lack of research into VR as a training tool in burglary prevention, ample research 
exists describing the benefits of VR in other research areas (e.g. education and medicine; Buttussi & 
Chittaro, 2019; Chittaro & Buttussi, 2015; Gamberini et al., 2003; Gurusamy et al.,2009). For example, 
Makransky et al., (2019) compared immersive VR (with a headset) against a computer based simulation 
and a text based simulation for teaching laboratory safety to undergraduate students. Participants were 
assigned to one of the training tools, before being tested on motivation, behavioural acquisition, 
knowledge retention, and self-efficacy. They found significant increases in behavioural performance 
with regard to lab safety for those in the VR group and computer group over the text group, as well as 
increases in enjoyment, self-efficacy and motivation in the same direction. This study demonstrated the 
ability of VR as a highly engaging, effective training tool that can produce behavioural improvement 
(over that of more conventional methods, such as text) in a hazardous environment with potentially 
severe consequences. Similar benefits of VR training on motivation, behavioural improvement, and self-
efficacy have been found across many other education studies, including research into aviation safety 
(Buttussi & Chittaro, 2019; Chittaro & Buttussi, 2015), fire safety (Backlund et al., 2007; Cakiroglu & 
Gokoglu, 2019; Gamberini et al., 2003), and meta-analyses (e.g. Smetana & Bell, 2012).  

In the field of medical procedures, several randomised control trials have been run to test the 
efficacy of VR as a surgery training tool. In one review, Gurusamy et al. (2009) examined the 
effectiveness of VR training in laparoscopic surgery. Across 23 trials, it was found that VR training had 
significant benefits for novice surgeons, with participants in the VR groups demonstrating greater 
accuracy than those in the video groups and no training conditions, as well as a decrease in the time 
taken and the number of errors made in comparison to the no training groups. This once again 
demonstrates the benefits of VR over more conventional means of training, even when participants 
have low to no levels of expertise, and when manual dexterity and other psychomotor skills are key 
(Gurusamy et al., 2009). The benefits of VR have also been shown in orthognathic surgery (Pulijala et al., 
2018) and cataract surgery (Ferris et al., 2020; Thomsen et al., 2017). It is therefore clear that VR is an 
effective training tool for improving behaviours and cognitions for use in complex psychomotor activities 
with potentially high failure consequences.  

The current study 

Based on the positive impact of VR training in other research areas (Gurusamy et al., 2009; 
Makransky et al., 2019; Pulijala et al., 2018) VR can be viewed as a promising training tool for improving 
understanding of burglary risk, allowing householders to learn effective crime reduction techniques in a 
risk free virtual neighbourhood, and helping them to understand the behaviours needed to protect their 
own homes from burglary. However, no study has examined the potential of VR as a burglary prevention 
tool. The proposed study will be the first to develop such a training method. Participants will be asked to 
enter a virtual neighbourhood of houses and will be guided by an experimenter to perceive certain 
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burglary risk cues (e.g. the vulnerability of corner houses and rear entrances) in a scripted training 
sequence. Improvements to participants’ knowledge will be assessed by their behaviour in a subsequent 
mock burglary task. Based on previous findings regarding the effectiveness of immersion in VR 
effectiveness (e.g. Makransky et al., 2019), the current study will also explore whether the use of an 
immersive VR headset leads to additional training benefits over the use of a computer. Therefore, one 
group of participants will be trained whilst wearing a VR headset, whilst another group will be trained 
whilst experiencing the VE on a computer. These groups will be compared to a control group who will be 
trained using the more traditional method: a webpage of crime prevention information, similar to that 
seen on a police website. 

It is hypothesised that those in the VR training group will perform better in the mock burglary (i.e. 
behave more like experienced burglars) than both the computer and webpage groups; thus 
demonstrating a greater uptake of burglary related knowledge. Similarly, those in the computer group 
will perform significantly better than those in the webpage group. Better performance from one group 
to another will be evident by: 
 

 Scoping a greater distance around the neighbourhood before entering, and spend less time 
scouting the neighbourhood (Hypothesis 1); 

 Being more likely to enter end of terrace houses (specifically house 1, which was preferred by 
burglars in Nee et al., 2019; Hypothesis 2); 

 Being more likely to enter and exit via the back of the property (Hypothesis 3); 
 Stealing fewer low value items, mid value and larger high value items, and more high value small 

items (Hypothesis 4); 
 Spending more time on the first floor and in the master bedroom (Hypothesis 5); 
 Reporting greater perceived training effectiveness, and higher behavioural change in a post-

training questionnaire (Hypothesis 6). 
 

Method 

 

Design and Participants 
 

Overall, 76 participants were recruited to take part in the study. This study used a between-
subjects design with training condition as the only factor. Participants were randomly assigned to one of 
three groups that comprised this factor: either a VR training condition (N = 25), a computer training 
condition (N = 26), or a webpage training condition (N = 25). Inspection of box-plots and Z scores 
revealed that two participants (one computer trained and one text trained) were outliers on over half of 
the dependant variables (Z scores > 2.00). Therefore, these participants were excluded, leaving 74 
participants contributing data to the analyses (Mage = 35.93 years, SD = 14.99). In line with previous 
inclusion criteria (see Chapters 2 and 3), participants were required to be 18 years or older, possess no 
previous history of offending, and consider themselves at least equally responsible for the security of 
their property (compared to other residents). Checks were performed to ensure that participant groups 
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did not differ on certain variables that could have influenced their performance in the VR or their 
knowledge of burglary risk. For example, nine participants reported being previous victims of burglary, 
whilst seven reported receiving previous burglary prevention training prior to the study. However, there 
were no differences in how these participants were spread across the groups (Fisher’s exact test = 2.58, 
p = .277 and Fisher’s exact test = .58, p = .786, respectively) and the number of participants reporting 
these experiences did not warrant separate analysis. There was a difference in participant’s level of 
gaming experience (F(2, 70) = 3.72, p = .028, ηp2 = .096), with those in the webpage condition spending 
less hours gaming per week (M = .70, SD = 2.22) compared to those in the computer condition (M = 
6.60, SD = 11.33, p = .034, d = .709). Due to this significant difference, and the impact this could have on 
VE performance (see van Gelder et al., 2017) gaming hours were added as a covariate in subsequent 
analyses. There were no differences in gaming experience between the VR trained participants and 
either the computer group (p = 1.00) or the webpage group (p = .135). 

 

Materials 

The virtual environment (VE) was created using Unity Pro 4.2, and consisted of five terraced 
properties (numbered 1 to 5) designed to reflect the types of targets favoured by burglars. This VE was a 
near-replication of that seen in Chapter 3 as well as Nee et al. (2019) and Meenaghan et al. (2018). To 
preserve empirical control, house interiors were largely identical to one another. External features were 
altered to increase realism, and influence perceptions of target attractiveness. A bike and a car were 
located near each end-of- terrace house, whilst an alarm was also placed on the far property and lights 
were placed over the front and back doors to house 5. Other alterations included the colours of doors 
and curtains, and whether front blinds were open, or partially closed. Each property also possessed a 
back garden, which similarly varied in external features. All garden’s contained a shed, which could be 
opened and contained a series of tools that could be stolen during the mock burglary. Gardens were 
fenced off, but could be accessed via gates in a back alley running behind the terrace; houses 3 and 5 
had extra locks placed on their back gates to provide the appearance of extra security (although this did 
not influence participant’s ability to access these properties).  

For the mock burglary task, all participants (Across all three groups) experienced the 
environment using an HTC Vive Head Mounted Display (HMD), which allowed for viewing in all 
directions via built-in accelerometers. Those in the VR training condition also completed a training task 
using the HMD, whilst those in the computer training condition completed the same training task whilst 
experiencing the environment through a computer monitor (instead of the HMD). Navigation for all 
participants inside the VE was achieved using an Xbox one gaming controller.  

When asked to enter the VE, participants started on the road, opposite house 5, were able to 
roam around the exterior of the neighbourhood and could enter the houses via the front or back doors. 
However, they would only be able to enter one house, with the VE locking the other houses after the 
participant stepped into a property. The interior layout of the house comprised of a ground floor 
(kitchen, hallway, and living room) a first floor (master bedroom, study, bathroom, and nursery) and an 
attic (games room and teenager’s bedroom). A mixture of valuable (e.g. passport, wallet, jewellery, and 
small electrical goods) and non-valuable items (e.g. food, children’s toys, and stationary) were placed 
throughout the house; these could be stolen during the mock burglary. The positions of items were 
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directly replicated from Nee et al. (2019). This meant that some items were clearly visible, whilst others 
were hidden (e.g. the jewellery box was hidden in a filing cabinet). Participants could search for these 
hidden items by using the controller to open cupboards, drawers, and bags. The VE (whether presented 
via the HMD or the computer) captured participant’s movements through time stamped co-ordinate 
data, and also noted the house entered and items stolen during the mock burglary.  

Procedure  

 Participants were recruited via adverts inviting them to take part in a burglary prevention study. 
Upon arrival, participants read the information sheet, gave their written consent, and were provided 
with the opportunity to ask any questions. In order to familiarise participants with the virtual 
environment (VE), they were first asked to complete a short appraisal task. For this appraisal task, all 
participants were fitted with the HMD and instructed to put themselves in the shoes of a burglar looking 
for a house to steal from. They entered the virtual neighbourhood, and were encouraged to verbally 
highlight any environmental factors that attracted or deterred them from each house. They were also 
asked to select the property that they considered most vulnerable to burglary. Participants then walked 
through their chosen house, discussing how they believe a burglar would commit an offence. Following 
completion of this task, participants exited the VE and removed the HMD.  

 For the next phase (the coaching phase), participants were randomly assigned to one of three 
groups. Those in the VR and computer training conditions were asked to enter the virtual environment 
again, and the experimenter would then provide them with information regarding typical burglar 
behaviour. Those in the VR condition were fitted with a HMD, whilst those in the computer condition 
were presented the VE via a computer monitor. The experimenter verbally guided the participant 
around the environment, stopping at certain points to discuss burglary risk. For example, the 
experimenter would stop at the entrance to the back alley and discuss the risk associated with easy rear 
access to a property. To maintain empirical control, the information relating to typical burglar behaviour 
was kept constant across all groups of participants via the use of a script. The information provided to 
participants was generated based on the knowledge gaps identified in previous householder studies (see 
Chapters 2 and 3) as well as the behaviour of burglars in previous research (e.g. Nee et al., 2019). The 
information included: the lack of deterrence produced by alarms, the vulnerability of corner properties 
and back alleys, burglar’s preference for small valuable items, and the burglar’s preference for first floor 
master bedrooms.  

 Those in the webpage training condition were not given any coaching inside the VR. Instead, 
these participants were shown a webpage (on the computer) outlining typical burglar behaviour during 
a crime. Based on the results of a pilot sample, participants were given five minutes to read through and 
learn the information to the best of their ability (although they could stop earlier if they so wished). The 
webpage was created using identical information to that provided to the other participant groups. 
However, some slight phrasing adjustments were made to suit the written medium in which the 
information was presented. For example, the VE training script would ask participants to walk down the 
back alley of the VE where the experimenter would then explain the vulnerability of rear access. 
However, the training in the text condition would only explain the vulnerability of rear access. The script 
would lack a direction to walk down the back alley, as this would not make sense without the added 
context of the VE. 
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 Once participants completed their training, they were given a two-minute break. Following this, 
the researcher then provided instructions for the final phase of the study (the testing phase). All 
participants were fitted with the HMD and instructed to commit a mock burglary in the same virtual 
environment that they had previously entered. They were once again asked to put themselves in the 
shoes of a burglar, and imagine they were scouting for a house to steal from. They were expected to 
enter a house, and take any objects that they desired. Once they finished with their burglary, they would 
leave the house.  

 Once a participant completed their mock burglary, they were asked to complete a demographics 
form on the computer, collecting information on age, number of hours spent gaming per week, gender, 
whether participants had been a victim of burglary (In the last 10 years) and whether participants had 
received any burglary prevention training in the last two years. The demographics form also included a 
self-reported offending questionnaire to screen out those with offender knowledge (by presenting 
participants with a list of crimes and asking them to report if they had previously committed any of the 
written offences).  Participants were also asked to rate (on two scales of 1 to 10) the extent to which 
they believed the training had improved their knowledge of burglary risk (1= Not at all; 10 = to a very 
great extent) and how likely they would be to change their behaviours based on their training (1 = 
definitely not going to happen; 10 = certain to happen) Participants received £10 for taking part and 
were debriefed. Participation lasted around 60 minutes.  

Analysis 

 To examine the differences between the three groups, a range of inferential statistics were 
applied to the data captured by the VR.  Continuous data was divided into three groups of dependent 
variables (DVs) for analysis: scouting behaviours (time spent and distance covered while appraising the 
neighbourhood for burglary risk); burglary behaviours (distance covered inside the house, time spent 
inside the house, on each floor, and in each room); items stolen (total amount, value, and volume). 
Separate MANCOVAs were run on each of these variable groups, with gaming hours included as a 
covariate. Significant main effects were tested with univariate (ANCOVA) methods, whilst Bonferroni-
corrected pairwise comparisons were used to interpret the directions of any significant univariate 
effects. Separate ANCOVAs were also conducted to analyse participants total time and distance 
completing the mock burglary, and their self-reported training effectiveness scores. Chi-squared 
analyses were used to examine the house that participants deemed most vulnerable (before and after 
training), the entrance/exit used by participants (before and after training), and whether participants 
entered the shed or not in the mock burglary. If less than 5 participants were present in each cell of a 
chi-squared analysis, then Fisher’s exact value was reported instead. Where significant Chi-squared 
values were obtained, post-Hoc Bonferonni-corrected analyses of the adjusted standardised residuals 
was used to determine where the differences lay between the three groups.  

Results 

  

Scoping the environment and target selection 
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 In Hypothesis 1, it was stated that those in the VR training condition would display target 
appraisal behaviours in line with that of burglars seen in previous research (e.g. Meenaghan et al., 2018; 
Nee et al., 2019) and that they would scope a greater distance prior to entering the property, in 
significantly less time, than those in the computer group and webpage group. A MANCOVA was run to 
analyse this hypothesis, with training group as the only factor (VR Vs Computer Vs Webpage) and the 
two dependant variables being time spent and distance covered while appraising the neighbourhood for 
burglary risk. There was no multivariate effect of training on participant’s scouting behaviour (Wilks ƛ = 
.91, F(4, 136) = 3.39, p = .17, ηp2 = .046). Subsequent One Way ANCOVAs on the two dependant 
variables revealed no univariate effects of time spent (F(2, 69) = 1.41, p = .251, ηp2 = .039), or distance 
covered (F(2, 69) = 1.21, p = .305, ηp2 = .034) whilst appraising the neighbourhood across the three 
groups.  

 In Hypotheses 2 and 3, it was predicted that those in the VR trained group would be more likely 
to choose a corner house and enter via the rear of the property than either of the other two groups (VE 
computer training and webpage text). Similarly, those in the computer trained group were predicted as 
more likely to enter the rear of a property, and more likely to select a corner house compared to those 
in the text group. Prior to training, there was no relationship between the house choices of participants 
and their assigned group (Fisher’s exact test = 11.07, p = .191) nor was there a relationship between 
group and rear entry (Fisher’s exact test = .39, p = .866). However, after training there was a relationship 
found between training group and house choice (Fisher’s exact test = 21.68, p = .001), with more VR 
trained participants (80%, N = 20) choosing to enter house one compared to those in the computer 
group (52%, N = 13, p = .043) or those in the webpage group (29%, N = 7, p <.001). There was no 
significant relationship found between the computer and webpage condition (p = .125) for choices to 
enter house one.   

In addition to this, a post-training relationship was also found between group and rear entry (𝜒2 (2, N = 
74) = 28.16, p <.001) with more participants in the VR condition (96%, N =24) and the computer 
condition (84%, N = 21) choosing to enter via the rear of the property than the text condition (29%, N = 
7; both p’s <.001). There was no relationship for entering via the rear between the VR and computer 
condition (p = .350). There was no overall relationship between training group and shed entry (Fisher’s 
exact test = 5.35, p = .070).  

 

Items stolen 

Table 3.1 

Mean number, Value (£) and Volume (L) of items stolen by each group in the virtual burglary task 

 Number 
M(SD) 

Value (£) 
M(SD) 

Volume (L) 
M(SD) 

Training group    
VR 18.36 (6.16) 2848.40 (937.19) 34.13 (24.25) 

Computer 13.36 (8.31) 2181.60 (1256.80) 29.02 (26.87) 
Webpage 16.17 (10.01) 2594.78 (1301.98) 41.65 (30.28) 
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Hypothesis 4 predicted that those in the VR training group would closer match the discriminate choices 
made by burglars in other studies, opting to steal high value, smaller items than the computer or 
webpage groups. To first analyse this hypothesis, a MANCOVA was conducted with training group as the 
only factor and number of hours spent gaming per week as the covariate. The three dependant variables 
were total number of items stolen, total value of items stolen and total volume of items stolen. There 
was a multivariate main effect of group on items stolen (Wilks ƛ = .81, F(6, 134) = 2.42, p = .029, ηp2 = 
.10). Subsequent One Way ANCOVAs on each of the three dependant variables revealed no univariate 
effects of total number (F(2, 69) = 2.42, p = .096, ηp2 = .07), value ((F(2, 69) = 2.54, p = .086, ηp2 = .07) or 
volume (F(2, 69) = 1.98, p = .147, ηp2 = .05) of items across the three groups.  

As a further exploration of Hypothesis 4, items were also grouped according to their value and size 
(either small high value, large high value, medium value, or small value). The mean number of items 
stolen across each item grouping and each participant condition can be seen in Table 3.2. 

 

Table 3.2 
Mean number of items stolen across each item category and for each participant group.  

 Small high-value 
items (Max = 13) 
M(SD) 

Large high-value 
items (Max = 11) 
M(SD) 

Medium Value 
items (Max = 10) 
M(SD) 

Low value items 
(Max = 131) 
M(SD) 

Training Group     
VR 8.12 (3.03) 3.96 (1.93) 2.56 (1.87) 4.04 (2.56) 
Computer 5.28 (3.01) 3.36 (1.89) 1.84 (1.89) 3.32 (3.63) 
Webpage 5.34 (3.11) 4.52 (2.09) 2.34 (2.53) 4.52 (4.64) 

 

To further explore Hypothesis 4, each group of items were subject to a one-way ANCOVA with training 
group (VR, computer or webpage) as the only factor (and gaming hours per week as the covariate). 
There was a difference in the number of small high-value items stolen across the three groups (F(2, 69) = 
6.77, p = .002, ηp2 = .16), with those in the VR group stealing more small high value items than those in 
either the computer group (p = .005, d = .941) or those in the webpage group (p = .003, d = .903). There 
was no difference between the webpage and computer groups (p = 1.00). Furthermore, the main effect 
of group in terms of number of large high value items approached significance (F(2, 69) = 3.09, p = .052, 
ηp2 = .08). Pairwise comparisons showed that those in the webpage condition stole more high value 
items than those in the computer condition (p = .046). There were no differences between the VR group 
and either the computer group (p = .693) or the webpage group (p = .519) for number of large high-
value items stolen. There were also no differences between the three training groups for the number of 
medium items or the number of low value items stolen (p’s range from .403 - .502).  

As a final exploration of Hypothesis 4, chi squared analyses were conducted to examine whether there 
was a relationship between a participant’s training group, and whether they stole certain individual high 
value items. It was found that there was a relationship between participant group and theft of the 
jewellery (𝜒2 (2, N = 74) = 6.44, p = .04), passport (𝜒2 (2, N = 74) = 6.91, p = .03), ipad 2 (𝜒2 (2, N = 74) = 
8.69, p = .011) and car keys (𝜒2 (2, N = 74) = 8.41, p = .01). Specifically, participants in the VR condition 
were more likely to steal the jewellery (p = .009) and the passport (p = .007 ) compared to participants in 
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the webpage condition. Participants the in VR condition were more likely to steal the iPad than those in 
the webpage condition (p = .037) or the computer condition (p = .006) and were also more likely to steal 
the car keys than either of the other training groups (p = .004 and p = .017 respectively; see Table 3.3 for 
descriptive statistics). Similarly, there was a relationship between participant group and theft of the 
iMac (𝜒2 (2, N = 74) = 8.21 p = .017) and Television (𝜒2 (2, N = 74) = 7.15, p = .034), with more 
participants in the text group stealing these items compared to those in the VR group (p = .024 and p = 
.031 respectively; see Table 3.3). There were no other significant relationships between participant 
group and theft of high value items (p’s range from .061 to .588) 
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Table 3.3: Number of participants (across each group) who elected to steal the high value items. Bracketed numbers represent the percentage of participants within each group.  

 

 

Small high value items 
 

N(%) 

Large High Value items 
 

N(%) 

Training 
Group 

Wallet Jewellery Passport iPod iPad 
1 

Purse iPad 
2 

Camera Car 
Keys 

iPhone TV iMac Guitar Video 
Camera 

Briefcase Speaker 
1 

Playstation Laptop Speaker 
2 

Apple 
Computer 

VR 8  
(32%) 

14 
(56%) 

13  
(52%) 

16 
(64%) 

18 
(72%) 

22 
(88%) 

12 
(48%) 

23  
(92%) 

16 
(64%) 

22  
(88%) 

4  
(16%) 

9 
(36%) 

11 
(40%) 

25 
(100%) 

18  
(72%) 

1  
(4%) 

6  
(24%) 

17 
(68%) 

0 6 
(24%) 

Computer 4  
(16%) 

8  
(32%) 

7  
(28%) 

16 
(64%) 

11 
(44%) 

16 
(64%) 

3 
(12%) 

16  
(64%) 

8 
(32%) 

17  
(68%) 

5  
(20%) 

10 
(40%) 

4  
(16%) 

19 
(76%) 

14 
(56%) 

1 
(4%) 

7 
(28%) 

15 
(60%) 

0 3 
(12%) 

Webpage 4  
(17%) 

5 
(21%) 

4  
(17%) 

12 
(50%) 

12 
(50%) 

17 
(71%) 

5 
(21%) 

11  
(46%) 

6 
(25%) 

18 
(75%) 

11 
(46%) 

17 
(71%) 

10 
(42%) 

21 
 (88%) 

15  
(63%) 

3  
(13%) 

7 
(29%) 

11 
(46%) 

1  
(4%) 

3  
(13%) 
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Time and distance inside the house 

 To analyse differences in participants’ movements in a property, a MANCOVA was 
conducted with training group (VR, Computer Webpage) as the only factor and burglary behaviours 
(total distance covered inside the house, total time spent inside the house, on each of the three 
floors, and in each of the nine rooms) as the dependant variables. There was no multivariate main 
effect of training on participant’s movements inside the property (Wilks ƛ = .74, F(4, 136) = .96, p = 
.521, ηp2 = .14), and there were no univariate main effects for time spent inside the house (either as 
a whole, across the three floors or across different rooms) nor distance spent inside the house (p’s 
range from .062 - .703). However, a within-subject ANCOVA analysis of time spent on each floor 
(ground vs first vs attic floor) highlighted some differences across the three floors (see Table 3.4). 
Participants in both the VR and computer condition spent more time on the first floor compared to 
the ground floor (p = .016 and p = .026, respectively). These two groups also spent less time in the 
attic than either of the other two floors (p’s range from <.001 to .005). Participants in the webpage 
condition spent less time in the attic compared to the ground and first floor (p = .002 and p < .001, 
respectively), but for the webpage condition there was no difference between time spent on the 
first floor and ground floor (p = 131).  

 

Table 3.4: Mean time spent (S) on each floor and in the whole house across the three participant 
groups. 

 Time on ground floor 
 
M(SD) 

Time on first floor 
 
M(SD) 

Time on attic floor 
 
M(SD) 

Total Time inside the 
house 
M(SD) 

Training Group     
VR 86.68 (69.47) 149.68 (67.72) 36.48 (36.02) 266.32 (110.80) 
Computer 85.44 (58.44) 130.16 (55.89) 42.12 (36.61) 263.80 (105.17) 
Text 110.22 (57.20) 157.65 (84.36) 53.52 (60.69) 328.61 (127.10) 

 

 

Post-burglary 

 In line with Hypothesis 3, there was a relationship between how participants exited the 
property, and their training group (Fisher’s exact test = 9.30, p = .011). More participants in the VR 
group (96%, N = 24) and computer group (84%, N = 21) exited via the back of the property compared 
to those in the text group (58%, N = 14). 

 Two separate univariate ANCOVAs were run to examine the effect of training group (VR, 
Computer, Webpage) on total time spent completing the mock burglary, and total distance covered 
during the burglary. There was no significant main effect of participant group on total time (F(2, 69) 
= .719, p = .491, ηp2 = .02) or total distance (F(2, 69) = .142 , p = .863, ηp2 = .004) spent completing 
the mock burglary task. In contrast with Hypothesis 6, there was no difference in participant’s 
subjective ratings of training effectiveness across the three groups (F(2, 70) = 2.80, p = .390, 
ηp2 = .03) or their self-reported likelihood for future behavioural change (F(2, 70) = 1.47, p = .305, 
ηp2 = .04). However, all conditions reported a mean score over 8.0 on the effectiveness scale and 
over 6.9 on the behavioural change scale, suggesting that they believed their respective training 
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methods to have improved their understanding of burglary risk and their likelihood of making future 
behavioural changes.  

 

Discussion 

 Previous research (e.g. Nee et al., 2019) has suggested that householders lack the offence-
specific knowledge possessed by experienced burglars, and are therefore unable to perceive factors 
in their environment that may leave them vulnerable to burglary. The present study explored this 
idea in more detail, recruiting a sample of non-offenders to received scripted VR burglary prevention 
training presented in either fully immersive simulation, or on a desktop computer. This was 
compared to a control group who were presented with the same information via text on a webpage. 
Knowledge acquisition was tested by examining participant’s performance in a subsequent mock 
burglary study. It was hypothesised that participants in the VR condition would perform better in the 
mock burglary than the computer or webpage group, whilst the computer condition would also 
perform better than the webpage group. Superior performance was operationalised as: spending 
less time scouting the neighbourhood (but covering more distance), being more likely to enter house 
1, being more likely to enter the back of the property, stealing smaller and higher value items, 
spending more time on the first floor and reporting significantly higher perceived levels of training 
effectiveness and a higher likelihood of making future behavioural changes.  

 It was found that those in the VR condition demonstrated superior performance in many 
aspects of the mock burglary compared to the two other groups. Participants in the VR training 
condition were more likely to enter house 1 and enter via the rear of the property compared to both 
the computer and webpage groups. They also spent significantly more time on the first floor 
compared to the ground floor. There were no time differences across the first and ground floor for 
the webpage group. Furthermore, there were no between-group differences for any time or 
distance variables, nor were there any differences in post-training questionnaire responses. 
Regardless of training condition, all groups reported high levels of improved understanding and a 
high likelihood of changing behaviour following the study.  

 Whilst householders in the current study may not have managed to replicate the scouting 
behaviours of burglars in previous research (Nee et al., 2015; Nee et al., 2019), they did perform 
notably better than the non-offenders used in these previous studies. VR trained participants 
displayed a clear house preference, as well as systematic entry, exit and navigation choices that 
were not present in the novice groups of previous research (Nee et al., 2019). Both the VR and 
computer training appeared to effectively convey the vulnerabilities associated with end of terrace 
properties and rear access, as well as the lucrative nature of the first floor. All of these have been 
shown to be favoured by burglars in previous research (Mercan et al., 2019; Nee et al., 2019; Taylor 
& Nee, 1988; Wright & Decker, 1994). Those in the VR condition also stole more small high value 
items compared to both the computer and webpage groups, specifically being more likely to steal 
the jewellery, passport, camera and iPad. According to these findings, VR training conveyed burglar’s 
preference for small high value items (Meenaghan et al., 2018; Taylor, 2014) leading to more 
discriminate searching behaviours in this group when compared to the computer and webpage 
groups. Altogether, those in the VR condition seemed to match closer to the behaviours displayed by 
burglars in previous research (e.g. Meenaghan et al., 2018) compared to those in either the 
computer or webpage conditions. This suggests a higher rate of knowledge acquisition within the VR 
group. Although all training methods were perceived as improving understanding in participants, 
and likelihood of making future behavioural changes.  



 
 

113 
 

 One explanation for these findings can be seen when examining previous studies of VR 
training across other fields (e.g. Buttussi & Chittaro, 2019; Cakiroglu & Gokoglu, 2019; Gamberini et 
al., 2003; Gurusamy et al., 2009; Oliva et al., 2019; Smetana & Bell, 2012). As in the current research, 
these studies demonstrated a significant benefit of VR as a training tool over more conventional 
means, such as written advice on webpages. One primary explanation for this benefit is the 
additional immersion provided by VR training. By instilling a feeling of presence in participants, VR is 
able to create a feeling that an individual is actually in the virtual environment (Feng et al., 2018). 
This has been suggested to lead to increased focus on the task and an improvement in memory 
recall (Krokos et al., 2018). In the current study, the immersive simulation may have led to 
participants paying increased levels of attention to both the information being provided, and the 
visual cues around them, with the greater immersion provided by the HMD leading to even greater 
levels of focus compared to both the computer and text groups. This would explain why VR training 
led to better mock burglary performance than either of the other two groups in many variables, 
including entering end of terraced properties via the rear, and stealing a greater number of small 
high value items.  

Another explanation for these findings may lie in the dysfunctional expertise theory of 
burglary proposed by Nee and Ward (2015). According to this theory, householders’ lack of burglary 
experience has led to underdeveloped burglary related schemas (compared to expert burglars), 
leading householders to unwittingly create opportunities for burglars around their homes. According 
to schema theory, schema activation in a complex task can often be mediated by sensory 
environments (Day & Belleza, 1983), in other words schemas can be influenced by audio-visual 
information. It is possible that the heightened visual cues of the environment, along with the audio 
information provided by the experimenter, might have led to participants in the VR and computer 
groups to develop richer, more complex schemas than those in the text task. The use of a simulation 
may also have allowed these schemas to be developed in an environment that was more 
contextually relevant to the testing phase (and real life neighbourhoods) compared to the text based 
scenario, allowing for quick activation of these schemas (Day & Belleza, 1983). This in turn would 
allow participants to more easily recall the information from the training (Flannery & Walles, 2003) 
and, similarly to expert burglars (Nee & Ward, 2015), access effective behaviours for improved task 
performance. This would explain why both the VR and computer groups performed better than the 
text group, and why there are limited differences between the two simulation conditions (because 
both VR and the computer VE provide contextually relevant visual information). This would further 
suggest that the exclusive benefits of VR training can be explained by the heightened level of 
immersion from this method.  

 The current study extended the work of previous VR burglary studies (e.g. Meenaghan et al., 
2018; Nee et al., 2019; van Gelder et al., 2017) by further demonstrating the effectiveness of VR in a 
criminogenic setting. Whilst many studies in this field focus on experienced burglars, the current 
study extended the field of novice householder research, providing the first instance in which VR is 
assessed as a possible burglary prevention tool. The findings of the current study demonstrate the 
effectiveness of a novel VR training method in improving householders’ understanding of burglary 
risk, and provides the baseline for which many other burglary VR studies can be developed. For 
example, it would be beneficial to examine how well VR training leads to improvements in actual 
burglary deterrence. Following on from previous area-focused burglary projects (Crawford, & Jones, 
1995; Forrester et al., 1988; Sturgeon-Adams et al., 2005), future researchers could select a 
particularly vulnerable neighbourhood of householders to undergo the VR training method, with the 
benefits of such training being examined using changes in burglary rates. Alternatively, this could 
also be modelled experimentally. A group of householders could be trained in a VR setting, and then 
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asked to organise a virtual house (expanding on the work seen in Chapter 2 of the current PhD 
thesis) with the aim of protecting the property from burglary (there would also need to be control 
group of untrained participants). Experienced burglars could then be tested in a mock burglary of 
these properties (against a control group of burglars testing in a different environment) in order to 
understand whether trained participants are effectively deterring burglars. However, it should be 
acknowledged that the current study represents only the first instance of VR training in the field of 
burglary prevention. There are certain limitations of the study that should be addressed prior to 
developing a more expansive training system and comparing participants to experienced burglars. 
These limitations are covered in detail below.  

Limitations and implications for future research  

 First, as with many other VR training studies (e.g. Makransky et al., 2019), the scope of this 
training is limited to one single session in which knowledge uptake was examined by interpreting 
behaviour in a mock burglary task. Whilst this research therefore provides a good baseline for 
examining the effectiveness of VR as a training tool, the limited scope makes it unclear as to whether 
this will lead to increased preventative behaviours in householders’ real life environments. It is also 
unclear as to whether the comparative advantages of VR training over more traditional methods are 
consistent over a longer period of time. Research into evacuation based VR training (see Feng et al., 
2018 for a review) has demonstrated increased knowledge retention over a 7-day period for those 
training in VR compared to those training in more traditional ways, such as videos or posters. This 
suggests that VR can convey long term benefits compared to less immersive media, however this has 
yet to be extrapolated to burglary prevention. Future research should focus on developing a more 
longitudinal test of burglary prevention knowledge, perhaps even testing protective behaviours in a 
real-household setting as opposed to a virtual mock burglary. This will hopefully lead to a more 
developed understanding of VR’s ability as a training tool.   

 Second, there are limitations to the current VE, such as not being able to simulate multiple 
types of residences (e.g. flats), limiting participants to an exploration of five houses, and not 
including a fully immersive sensory experience (participants were not provided any tactical 
immersion or audio soundscape). The current study was also limited to only one VE, using the same 
neighbourhood for training as well as testing. Whilst steps were taken to reduce practice effects, by 
ensuring that all participants were allowed to explore the VE prior to training, it is still possible that 
the comparative benefits for those in the VR group were due to their increased exposure to the VE 
over the text group. It is possible that providing the same VE and input method (i.e. wearing the 
HMD) during training and testing led to increased contextually based memory recall (Frey & 
Adesman, 1976) for those in the VR conditions, leading to their better performance than the text 
condition. If this were true, it may be that the benefits of VR would be lessened if a different 
environment was used for testing compared to training. This should be a primary focus of future 
research, especially if it is not possible to access a real house in which to test improvements in risk 
understanding. All of the other issues could also be overcome in future research, with advances in 
technology already allowing for diverse and larger neighbourhoods to be developed (e.g. van 
Sintemaartensdijk et al.,2020) and allowing more immersive haptic or auditory systems to be 
implemented into VR systems (Kim et al., 2017). The fact the current study replicated the broad 
findings from training research in other fields provides reassurance that these limitations did not 
adversely impact the ability of the current study to provide initial insight into VR as a burglary 
prevention tool. 

 Finally, whilst the benefits of VR as a training tool have been demonstrated in the current 
study, there are several practical limitations of the technology that may limit its effectiveness. 
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Although VR is becoming more commercially viable as a technology (Cornet & van Gelder, 2019; van 
Gelder et al., 2014), there are still relatively high costs involved with the technology, with the HMD 
used in this study currently retailing for around £1,000. There are also costs associated with 
obtaining a high powered computer to run the software, and the skills required to create a suitable 
VE (van Gelder et al., 2014). Whilst this cost may seem low compared to a large multi-faceted 
projects such as the Kirkholt burglary project (with projected costs totalling nearly £300,000; 
Forrester et al., 1990), the VR training proposed is considerably smaller in scope, and more 
expensive than the comparable costs needed to create a webpage of information on a police 
website. There are also limitations around the general public’s unfamiliarity with using VR systems, 
and the motion sickness associated with prolonged exposure to VR. Many studies have outlined 
these limitations (e.g. Salimi & Ferguson-Pell, 2021; Makransky et al., 2019; van Ginkel et al., 2019), 
discussing their negative impact on immersion and learning. However, it should be noted that all of 
these limitations could be overcome given enough time and resources. VR development is still in its 
infancy (Kim et al., 2018), with many strategies being developed to reduce motion sickness (Carnegie 
& Rhee, 2015). Additionally, the costs of VR headsets are already considerably cheaper than they 
were a decade ago (van Gelder et al., 2017), and if this continues there will hopefully be a more 
widespread adoption of the technology among a consumer populace, leading to advance familiarity 
with the technology. Whilst these problems are worth highlighting, they will hopefully not remain 
problems in the coming years.  

 Altogether, the current study provides the first instance of research into VR as a training tool 
for helping householders understand their burglary risk. In line with training research in other fields, 
those who were trained using a fully immersive HMD demonstrated superior performance in a 
subsequent behavioural task compared to participants trained using text based information. In line 
with expertise research (e.g. Nee & Ward, 2015), the current study suggested that householders may 
need to develop more detailed and complex cognitive schemas in order to correctly perceive risk in 
their environment. The findings indicate that simulated VR environments may offer an effective 
method of developing these cognitions, allowing householders to practice perceiving risk in a 
contextually relevant risk free environment. By establishing this baseline, many recommendations 
for future research are provided, such as examining the benefits of this VR training across a longer 
term, more contextually relevant situation (e.g. testing in a different virtual environment, or even a 
real property). Future research could also supplement training VEs with increased haptic or auditory 
feedback to provide a more immersive environment, which may subsequently increase the benefits 
of VR training. Overall, the current study represents a positive step in increasing householder’s 
ability to act within the burglary offence chain; supplying participants with the knowledge on how to 
reduce burglaries. Perhaps this training method could even be used in conjunction with existing 
multifaceted burglary projects to help increase the agency of community stakeholders, which should 
hopefully lead towards the further reduction of burglary prevalence.  
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Abstract 

 

Previous research (e.g. Barberet and Fisher, 2009) portrays a complex relationship between burglary 
prevention training and fear of crime. Training may increase awareness of burglary, but may also 
increase fear of crime. Given the high levels of fear demonstrated by homeowners (Warr, 2000), it is 
necessary that any burglary prevention training aim to mitigate fear of crime where possible. The 
current study aims to assess participants’ fear of crime as a result of undergoing a novel VR burglary 
prevention training method. Participants were randomly assigned to one of three training groups. 
Two groups received the training in a virtual environment (either presented through a VR headset or 
on a computer), whilst the third group received the training by reading a webpage of text. 
Participants also completed a fear of crime questionnaire directly prior to, and after the burglary 
prevention training. Overall, participants reported increased levels of burglary worry from pre-post-
test measures. However, this increase was only significant for those completing the webpage 
training. Similarly, there was an overall increase in perceptions of control, but this increase was only 
significant for those undergoing VR training. It was concluded that VR did not significantly increase 
fear of burglary, and was able to positively impact participants’ feelings of control regarding burglary 
victimisation. These results are subsequently discussed in reference to future burglary prevention 
training, and future research using this novel prevention measures.  
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Introduction 

Fear of crime is a significant urban stressor (Nasar & Jones, 1997) associated with a range of 
negative physical and mental health outcomes, including a reduction in mobility, a deterrence of social 
activity, and a reduction in positive mood (Abdullah et al., 2020; Foster et al., 2014). Out of all the 
offences that comprise the yearly crime figure, none may be more concerning to members of the 
public than residential burglary (De Lisi et al., 2016). Many researchers have argued that residential 
burglary is the crime for which homeowners demonstrate the most fear (Bullock et al., 2009; Warr, 
2000), particularly those who live in greater poverty, or who have previously been victims of any 
property crime (Chon & Wilson, 2016).  

Given the high levels of fear demonstrated by homeowners, and the associated negative 
consequences, it is no surprise that a reduction in public fear often features alongside crime rate 
reduction as a priority in national and local crime prevention strategies (Hirschfield, 2008; Rogerson, 
& Christmann, 2007). This is also true for many burglary prevention schemes published in literature 
over the last four decades. For example, the Homesafe scheme in Plymouth (Mawby, 1999; Mawby, 
2004) aimed to reduce burglaries and residents’ fear of burglary in a programme covering the 
provision of crime prevention leaflets, police trained security checks, and the fitting of additional 
target hardening measures to properties. This scheme was successful, with residents demonstrating 
lower burglary worry and risk than similar residents living in other areas (Mawby, 2004). Similarly, 
the Kirkholt Burglary project (Forrester et al., 1988; Forrester et al., 1990) recorded a 57% decrease 
in resident fear of crime as a result of establishing a home watch scheme in a multifaceted (and 
successful) attempt to reduce the prevalence of burglary on the Kirkholt Estate.  

The findings from the Homesafe and Kirkholt projects demonstrate two key factors. First, 
burglary prevention measures can have a significant impact on reducing fear of crime, in addition to 
reducing actual burglary risk. Second, when factoring in the high level and impact of fear among 
homeowners, it is clear that any burglary prevention method should prioritise a measure of fear of 
crime alongside their main crime reduction measures. With this in mind, the previous chapter 
outlined a novel use of VR training aimed at improving householders’ understanding of burglary risk 
through coaching in a simulated environment. Given that VR is still in the early stages of use in 
criminology research (Cornet & van Gelder, 2021), its effect on fear of crime is unclear. There is, 
therefore, a necessity to examine fear of crime in more detail, to provide a complete picture of the 
impact VR training may have on householders The current study will provide the first insight into 
how householders’ fear of burglary may be affected by VR coaching designed to improve their 
understanding of burglary risk. The context for this study will first be provided through a discussion 
of how householder perception of security can influence fear of crime, how burglary awareness can 
influence fear of crime, and how VR has influenced fear in other fields of research (such as phobia 
research).  

 

Perceptions of security, awareness, and fear of burglary 

When considering the impact that VR training may have on fear of burglary, it is beneficial to 
consider how fear can be altered by householders’ perceptions of security and their awareness of 
burglary. One common issue in fear of crime research is that fear perceptions are not always 
anchored in reality (Barnum et al., 2021) with inconclusive results surrounding the relationship 
between fear of crime and actual victimisation (Gray et al., 2008; Marzbali et al., 2012). Instead, fear 
can be driven by many factors, including demographics (such as gender; Warr, 2000), emotional 
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responses (Yuan & McNeeley, 2017), and cognitive factors, such as householders’ perceptions of 
security and perceived risk (Chon & Wilson, 2016; Cook & Fox, 2011). In regard to perceptions of 
security, there is a wealth of research to suggest that areas made more secure with features such as 
CCTV (Chatterton & Frenzf, 1994), tough locks, (Yuan & McNeeley, 2016), and other security devices 
(Cozens & Davies, 2013; Foster et al., 2011) are associated with lower fear of crime, and increased 
perceptions of security. One explanation for this decrease in fear is that security measures re-
conceptualise burglary prevention as a technical problem, as opposed to an emotional or social 
problem (Winkel, 1991). Hence, this re-conceptualisation is thought to centre the process of 
burglary prevention around obtaining suitable deterring security features and following correct 
behavioural advice, increasing householder perceptions of control and confidence, and alleviating 
perceptions of powerlessness (Fischer, 1984). Given this, it is possible that the VR coaching 
described in Chapter 4 will help reduce fear of crime (compared to baseline levels), as it will help 
contextualise burglary prevention as a technical problem, that can be solved through obtaining 
correct security measures (e.g. fitting of locks on the back gate; Farrell et al., 2011; Johnson et 
al.,2017) and taking the necessary steps to hide items inside the house (e.g. avoiding areas favoured 
by burglars; Nee & Meenaghan, 2006). Contextualising prevention in this way will help increase 
householder’s perceptions of control, decrease perceived risk, and ultimately decrease fear of crime.  

Paradoxically however, it is possible that VR training may lead to increases in fear of crime, 
as a result of increased householder awareness of burglary. Barbaret and Fisher (2009) highlighted 
the complex relationship between awareness and fear of crime, with burglary prevention methods 
such as seminars, or the installation of security measures sometimes providing mixed results and 
even heightening levels of fear for householders (e.g. Evans, 2001; Zhao et al., 2002). For example, 
despite previously discussed benefits of CCTV installation on fear of crime, an evaluation of 14 CCTV 
sites in the UK found mixed awareness for the implementation of the security feature, and no overall 
reduction in fear (Gill, & Spriggs, 2005). For those who were aware of the camera implementation, 
fear was actually found to increase, suggesting that awareness led to heightened fear of crime as 
opposed to a reduction.  Similarly, Barbaret and Fisher (2009) examined the relationship between 
university students’ fear of burglary and their awareness for a range of prevention measures. They 
found that awareness for certain types of security features (such as grills and locks on windows) did 
correlate with lower levels of burglary fear; however, the students that demonstrated the most 
awareness for target hardening measures actually demonstrated greater levels of burglary fear than 
those with no awareness. They also suggested that gender may mediate the relationship between 
awareness and fear of crime, with woman being more aware of preventative measures than men, 
and less fearful of burglary compared to men with the same level of awareness. This was thought to 
be a result of woman being more aware of cues to danger in their immediate environment 
compared to men. Altogether, it is clear that the relationship between burglary prevention methods 
is not as simple as first described; making people aware of burglary risk does not always decrease 
fear of crime, and may actually have the adverse effect.  

To help explain this fear-awareness paradox, Babaret and Fisher (2009) suggested that most 
burglary prevention measures follow the situational approach to deterring crime and are therefore 
focused on disrupting offender behaviour as opposed to considering how members of the public will 
react to the measures. When members of the public are made aware of burglary and preventative 
measures, they are reminded that burglary victimisation is a possible risk. Given that members of 
the public already overestimate their chances of being burgled (Mawby, 2004), it is therefore of no 
surprise that a reminder of risk might increase their emotional fear of burglary. This paradox may 
also be explained by the different constructs that are said to make up fear of crime (Chon & Wilson, 
2016). For example, it has been found that awareness for community crime prevention measures 
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negatively impacted perceived consequences of being a victim of crime, as well as perceived 
likelihood of being a victim of crime. However, awareness also positively impacted perceived control 
and emotional fear (Chataway & Hart, 2018). It is therefore possible that awareness lowers some 
fear aspects whilst increasing others, leading to mixed effects across studies with different fear 
measures.  

Altogether, it is clear that the relationship between awareness and fear is complex. Given 
this, and the lack of research into VR as a method for improving householders’ burglary risk 
awareness, it is unclear how householders’ fear of crime may be affected as a result of undergoing a 
VR training method. It is clear that research is needed to help ascertain any effects of this training on 
householder fear.  

VR and fear of crime 

Whilst the relationship between VR training and fear of crime is currently unknown, a wealth 
of research exists that demonstrates the relationship between VR and fear in other fields. For 
example, VR has been shown to be an effective method of training people to reduce fear of public 
speaking (Stupar-Rutenfrans et al., 2017), social phobia (Klinger et al., 2005), and flying (Da Costa et 
al., 2008; Mühlberger et al., 2001) over and above more traditional Cognitive Behavioural Therapy 
(CBT) or exposure therapy methods. VR is said to be a low cost (Mühlberger et al., 2001; Ticknor & 
Tillinghast, 2011) method of practicing fear inducing behaviours in a controlled scenario (McLay et 
al., 2011), allowing participants to develop the behaviours and cognitions needed to approach 
anxiety inducing situations in a more effective manner (Klinger et al., 2005). Whilst the current 
burglary prevention VR training has not been designed specifically to reduce fear, this previous 
research still highlights the possible benefit of VR training methods over than traditional risk 
awareness programs. By allowing participants to practice spotting risk in a realistic simulated 
neighbourhood, it is possible that this will allow them to develop enhanced burglary related 
behavioural and cognitive skills, allowing them to develop more complex schemas for spotting risk 
and preventing burglaries in their own homes (Nee & Ward, 2015). This may improve participants’ 
feelings of control, and increasing their confidence over other risk awareness measures, which in 
turn would reduce fear of crime (Fischer, 1984). 

Nevertheless, other research into VR and fear demonstrates possible alternative influences 
of this training method on fear of crime. VR is a highly immersive technology that can increase 
feelings of presence, leading to strong emotional and physiological reactions (Riva et al., 2007; van 
Gelder et al., 2014). Riva et al. (2007) demonstrated the use of VR as an affective medium by 
immersing participants in an anxious inducing environment and asking participants to rate their fear.  
As predicted, interacting with the immersive anxious environment led to strong feelings of fear 
within these participants, demonstrating the ability of VR to induce negative emotions within 
participants. Similar findings have also been demonstrated in one of the only examples of research 
examining fear of crime and VR (Castro-Toledo et al., 2019). In this study, the authors manipulated 
the street lights during a dark simulated walk in order to produce a no street light condition 
designed to induce fear among participants (compared to a control condition where street lights 
were present). It was found that participants’ demonstrated significantly higher levels of fear across 
both groups (I.e. the irrespective of the manipulation fear went up). Participants reported 
significantly higher feelings of ‘scared’ and ‘afraid’ from pre-post-test measures. This demonstrates 
that VR can induce negative affect in environments where crime may take place, even if no external 
manipulation has been conducted to induce fear. Therefore, even though the simulated 
environment used in the current study has not been specifically designed to influence fear of crime, 
participants’ affect may still be altered. It is possible that a small increase level of fear would result 
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from participants’ increased awareness, which then might be further heightened through the 
immersive nature and increased presence of the VR environment. It is therefore possible that the VR 
training may increase fear of crime over the less immersive computer based or text based methods 
described in Chater 4 (or other traditional awareness campaigns), which would mitigate any positive 
effect previously seen on improving participants’ burglary risk knowledge. 

The current study  

Chapter 4 of the current PhD thesis highlighted the beneficial impact of virtual reality 
coaching on improving householders’ understanding of burglary risk. However, it did not examine 
the impact of this training on householder fear of crime. Previous research (e.g. Barberet and Fisher, 
2009) portrays a complex picture of the relationship between burglary risk awareness and fear of 
crime, with the possibility that awareness may increase some aspects of fear whilst decreasing 
others. Therefore, the effect of VR training on fear of burglary is currently unclear. Given the limited 
research of VR in criminology settings (Cornet, & van Gelder, 2021), it is also unclear whether the 
immersive nature of VR will have a greater impact on fear compared to more traditional forms of 
burglary prevention methods (such as written information). The current study will provide the first 
instance of research examining the impact of immersive virtual reality burglary prevention training 
on fear of burglary. Using a fear of burglary questionnaire (based on the core components of fear 
laid out in Jackson (2005)), the current study will assess participants’ emotional fear, perceptions of 
burglary risk, perceptions of victimisation impact, and perceptions of control over victimisation. 
These questionnaires will be completed before and after a participant undergoes a burglary 
prevention training task designed to increase their knowledge of burglary risk. The same three 
training methods used in Chapter 4 of the current thesis will be employed, with burglary prevention 
information being conveyed either in immersive virtual reality (presented through a HMD or on a 
computer) or through a text based webpage.  Within-group changes in fear from pre- to post-
training will be explored alongside between group differences across the three training mediums. 
Due to the exploratory nature of this study, and very limited previous research into VR and fear of 
crime, it is currently unclear as to the effects of VR training, computer training or webpage training 
on participants’ fear of crime.  

 

Method 

Participants 
 

Overall, 76 participants were recruited to take part in the study. They were randomly 
assigned to either a VR training condition (N = 25), a computer training condition (N = 26), or a 
webpage training condition (N = 25). Inspection of box-plots and Z scores revealed that two 
participants (one computer trained and one text trained) were outliers on over half of the 
dependant variables (Z scores > 2.00). Therefore, these participants were excluded, leaving 74 
participants (Mage = 35.93, SD = 14.99) contributing data to the analyses. In line with previous 
inclusion criteria (see Chapters 2, 3 and 4), participants were required to be 18 years or older, 
possess no previous history of offending, and consider themselves at least equally responsible for 
the security of their property (compared to other residents). 
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Design 

This study used a 3x2 Mixed factorial design. The between-subjects’ variable was training 
group with three levels (VR training, computer training or webpage training). The within-subjects’ 
variable was time in which fear of crime questionnaire was completed and had two level (baseline 
fear and post-training fear). The dependant variables were the 6 items of the burglary concern 
questionnaire (see below). 

Materials 

Questionnaire 

The 6-item questionnaire used in the current study was adapted from the fear of crime 
constructs established in Jackson (2005) to measure a broad range of participant fear responses 
(emotional responses, risk perceptions, and impact perceptions). Participants were first asked to 
report their current levels of worry regarding being burgled, using a ten-point scale (1 = Not at all 
worried about being burgled, 10 = Very worried about being burgled). Separate scales were 
presented for participants worry of burglary occurring when they are absent from a property and for 
burglary occurring when they are present in their property.  

 A series of  seven-point scales were then used to measure participants' perceived likelihood 
of being burgled whilst absent from /present in a property (within the next 12 months; 1 = Definitely 
not going to happen, 7 = Definitely going to happen), the extent to which participants feel in control 
of their burglary victimisation (1 = Not at all, 7 = To a very great extent) and the extent to which 
participants feel that burglary victimisation would impact their everyday life (1 = Not at all, 7 = To a 
very great extent). Participants responded to the same questions at the beginning of the study (pre-
training) and at the end of the study (post-training). Questionnaires were presented to participants 
on a computer monitor.  

Virtual environment 

The virtual environment (VE) was created using Unity Pro 4.2, and consisted of five terraced 
properties (numbered 1 to 5) designed to reflect the types of targets favoured by burglars. To 
preserve empirical control, house interiors were largely identical to one another. External features 
were altered to increase realism, and influence perceptions of target attractiveness. A bike and a car 
were located near each end-of- terrace house, whilst an alarm was also placed on the far property 
and lights were placed over the front and back doors of house 5. Other alterations included the 
colours of doors and curtains, and whether front blinds were open, or partially closed. Each property 
also possessed a back garden, which similarly varied in external features. All garden’s contained a 
shed, which could be opened and contained a series of tools that could be stolen during the mock 
burglary. Gardens were fenced off, but could be accessed via gates in a back alley running behind 
the terrace; houses 3 and 5 had extra locks placed on their back gates to provide the appearance of 
extra security (although this did not influence participant’s ability to access these properties).  

For the mock burglary task, all participants (Across all three groups) experienced the 
environment using an HTC Vive Head Mounted Display (HMD), which allowed for viewing in all 
directions via built-in accelerometers. Those in the VR training condition also completed a training 
task using the HMD, whilst those in the computer training condition completed the same training 
task whilst experiencing the environment through a computer monitor (instead of the HMD). 
Navigation for all participants was achieved using an Xbox one gaming controller.  
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Participants entered the VE on the road, opposite house 5, and were able to access both the 
exterior of the neighbourhood and the interiors of the houses. The interior layout of each house 
comprised of a ground floor (kitchen, hallway, and living room) a first floor (master bedroom, study, 
bathroom, and nursery) and an attic (games room and teenager’s bedroom). A mixture of valuable 
(e.g. passport, wallet, jewellery, and small electrical goods) and non-valuable items (e.g. food, 
children’s toys, and stationary) were placed throughout the house.   

Procedure  

 Participants were recruited via adverts inviting them to take part in a burglary prevention 
study.  Upon arrival, participants read and information sheet and gave their written consent, and 
were provided with the opportunity to ask any questions. They were then asked to complete the 
fear of crime questionnaire (their pre-training responses). In order to familiarise participants with 
the virtual environment (VE), they were then asked to complete a short appraisal task inside the 
simulated neighbourhood2 whilst wearing the HMD. 

 For the next phase (the training phase), participants were randomly assigned to one of three 
groups, through which they would be trained to better understand burglary risk. Those in the VR and 
computer training conditions were asked to enter the virtual environment using either a HMD (for 
the VR group) or a computer screen (for the computer group). Once inside the VE, the experimenter 
would verbally guide the participant around the environment, stopping at certain points to discuss 
typical burglar behaviour. For example, the experimenter may stop at the entrance to the back alley 
and discuss the risk associated with easy rear access to a property. To maintain empirical control, 
the information relating to typical burglar behaviour was kept constant across all participants via the 
use of a script. The information provided to participants was generated based on the knowledge 
gaps identified in previous householder studies (see Chapters 2 and 3) as well as the behaviour of 
burglars in previous research (e.g. Nee et al., 2019). This information includes: the lack of deterrence 
produced by alarms, the vulnerability of corner properties and back alleys, burglar’s preference for 
small valuable items, and the burglar’s preference for first floor master bedrooms.  

 Those in the webpage training condition were not given any coaching inside the VR. Instead, 
these participants were shown a webpage (on the computer) outlining typical burglar behaviour 
during a crime. Based on the results of a pilot sample, participants were given five minutes to read 
through, and learn the information to the best of their ability (although they could stop earlier if 
they so wished). The webpage was created using identical information to that provided to the other 
participant groups. However, some slight phrasing adjustments were made to suit the written 
medium in which the information was presented. For example, the VE training script would ask 
participants to walk down the back alley of the VE, where the experimenter would then explain the 
vulnerability of rear access. However, the training in the webpage condition would only explain the 
vulnerability of rear access. This script would lack a direction to walk down the back alley, as this 
would not make sense without the added context of the VE. 

 Once participants completed their training, they were asked to complete a mock burglary 
inside the VE, using the HMD. Following this, they were asked to complete the fear of crime 
questionnaire again (to obtain post-training responses), and were also asked to complete the 
demographics form. The latter included a self-reported offending questionnaire to screen out those 
with offender knowledge, as well as details on participants’ age, gender, gaming experience and 
                                                           
2 Data collection for Chapters 4 and 5 of the current thesis occurred simultaneously. The appraisal and mock 
burglary tasks were used to collect data for Chapter 4, thus a full account of these tasks can be found under 
the former chapter.  
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level of education. Participants received £10 for taking part and were debriefed. Participation lasted 
around 60 minutes.  

 

Results 

Preliminary Analysis 

Checks were performed to ensure that participant groups did not differ on certain 
demographic variables that could have influenced their fear of crime, or their performance in the VR. 
For example, nine participants reported being previous victims of burglary, whilst seven reported 
receiving previous burglary prevention training prior to the study. However, there were no 
differences in how these participants were spread across the groups (Fisher’s exact test = 2.58, p = 
.277 and Fisher’s exact test = .58, p = .786, respectively) and the number of participants reporting 
these experiences did not warrant separate analysis. There was a difference in participant’s level of 
gaming experience (F(2, 70) = 3.72, p = .028, ηp2 = .096), with those in the webpage condition 
spending less hours gaming per week (M = .70, SD = 2.22) compared to those in the computer 
condition (M = 6.60, SD = 11.33, p = .034, d = .709). Due to this significant difference, and the impact 
this could have on VE performance (see van Gelder et al., 2017) gaming hours were added as a 
covariate in subsequent analyses. There were no differences in gaming experience between the VR 
trained participants and either the computer group (p = 1.00) or the webpage group (p = .135). 

There were no significant between-group differences for gender (χ2(2) = .086, p = 1.00) or 
level of education (χ2(2) = 6.09, p = .261). A Kruskal-Wallace H test also revealed a difference in age 
across the participant groups (χ2(2) = 7.26, p = .0272, d = 1.07), with those in the VR group being 
younger (Mage = 29.92 years, SD = 9.97) than those in the webpage group (Mage = 43.36 years, SD = 
18.67, p = .026). There were no other differences in gaming experience or age between the other 
groups (p’s range from .055 to .810).   

Main analyses 

 A series of 3x2 mixed factorial ANCOVAs were conducted to measure the effect of the 
between subjects variable training type (VR vs. Computer vs. Webpage) and the within subjects 
variable of time (before and after training) on participant’s responses to each question in the fear of 
crime questionnaire. Because gaming experience and age significantly differed between groups, they 
were both added as covariates in this model. Gaming experience may have influenced participant 
experience in the virtual environment (van Sintemaartensdijk et al., 2020), whilst age may have 
influenced participants fear of crime (Hale, 1996). Bonferroni-corrected pairwise comparisons were 
used to interpret the directions of any significant main or interaction effects.  

 Level of Burglary Worry  

 There was a significant main effect of time on participants level of worry for burglary when 
absent from a property (F(1, 68) = 9.17, p = .003, ηp2 = .12), with participants reporting significantly 
higher levels of worry post-training (M = 4.36, SD = 1.54) compared to pre-training (M = 3.92, SD = 
1.48). There was also a significant interaction effect between time and training group for levels of 
burglary worry when absent from a property F(2, 68) = 3.15, p = .049, ηp2 = .085; Figure 3.1). 
Specifically, those in the webpage group reported higher levels of worry post-training (M = 4.78 SD = 
1.31) than pre-training (M = 4.09 SD = 1.28, p = .003), but there were no effects of time for either 
those in the VR group (p = .45) or those in the computer group (p = .30). There was no significant 
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main effect of training group on levels of worry when absent from a property (F(2, 68) = 2.13, 
p = .100, ηp2 = .059). 

 

There was no significant main effects of either time (F(1, 69) = 1.07, p = .74, ηp2 = .002) or training 
(F(2, 69) = .77, p = .47, ηp2 = .022) on participants level of worry for burglary occurring when present 
in a property. There was a significant interaction effect between time and training group for levels of 
burglary when present in a property (F(2, 69) = 3.62, p = .032, ηp2 = .095). However, further 
inspection of results yielded no effect of time for those in the VR group (p = .54), the computer 
group (p = .35), or the webpage group (p =.54). 

 Perceived likelihood of being burgled 

 There were no significant main effects of time (F(1, 68) = 3.14, p = .081, ηp2 = .044) or 
training group (2, 68) = 2.91, p = .061, ηp2 = .08) on participants’ perceived likelihood of being 
burgled when absent from their property. There was also no Time X Training Group interaction 
effect (F(2, 68) = 2.59, p = .082, ηp2 = .07). Furthermore, there was no significant within-group effects 
(F(1, 68) = .02, p = .887, ηp2 = 0.00), between-group effects (F(2, 68) = .452, p = .642, ηp2 = .01), or 
interaction effects (F(2, 68) = .30, p = .753, ηp2 = .009)) on participants’ perceived likelihood of being 
burgled when present in their property.  

 Level of perceived control 

 There was a significant main effect of time in participants perceived level of control over 
burglary victimisation (F(1, 68) = 4.72, p = .033, ηp2 = 0.62). Specifically, participants felt more in 
control post-training (M = 5.16, SD = 1.24) compared to pre-training (M = 4.13, SD = 1.38). There was 
no significant main effect of training on levels of control (F(2, 68) = 1.80, p = 1.735555555, 
ηp2 = .049). 

 There was a significant interaction effect between time and training group for levels of 
perceived control F(2, 68) = 3.35, p = .041, ηp2 = 0.86; Figure 3.2). Those in the VR group reported 
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higher levels of control following training (M = 5.80, SD = 1.28) in comparison to pre-training levels 
(M = 4.20, SD = 1.26, p = .009, ηp2 = .274), but there were no significant effects of time on levels of 
control in the computer group (p = .11) or the webpage group (p = .91).  

 

 

 Level of perceived impact 

 There were no between-group (F(2, 68) = 2.77, p = .07, ηp2 = .075), within-group (F(1, 68) = 
2.15, p = .147, ηp2 = .031), or interaction effects (F(2, 68) = .40, p = .671, ηp2 = .012) on the level to 
which participants perceived burglary victimisation as impactful on their everyday lives.  

 

Discussion 

 Chapter 4 of the current PhD thesis outlined a novel approach of training householders to 
better understand burglary risk. However, the impact of such a training method on participants’ fear 
of burglary had not been discussed.  Given the possibility that fear of burglary can rise as a result of 
increased awareness (Barbaret & Fisher, 2009) as well as the impact VR can have on negative affect 
(Riva et al., 2007) and the general negative impact surrounding fear of crime (Foster et al., 2014), it 
was clear that research needed to explore the relationship between VR training and burglary fear. 
The present study explored this idea in more detail, recruiting a sample of non-offenders to receive 
scripted VR burglary prevention training presented in either fully immersive simulation, or on a 
desktop computer. This was compared to a group who were presented with the same information 
on a webpage. Fear of burglary was measured through administering a fear of crime questionnaire 
to participants pre-training and post-training. This questionnaire asked participants to report their 
levels of fear for burglary, their perceived likelihood of being burgled, their perceived impact of 
burglary victimisation, and their level of perceived control over burglary victimisation.  
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 Overall, participants reported a higher level of worry for burglary occurring whilst absent 
from their property (from pre-training to post-training responses). However, subsequent analysis 
revealed that this effect was only present for participants in the webpage condition, with no 
significant increase being noted for either the VR or computer training conditions. Similarly, there 
was an overall increase in perceptions of control from pre to post-training responses, but when 
broken down by group this significant increase only occurred in the VR training condition.  There 
were no differences between any of the three groups for participants’ perceived likelihood of being 
burgled (either whilst present or absent), nor was there any differences across the three groups in 
regards to perceptions of impact or worry for burglary when present in their property.  

 One explanation for the increase in perceived control across time could stem from a greater 
awareness of the types of security features that deter burglars (e.g. tough locks and motion 
activated lights; Tseloni et al., 2017) as well as an increased awareness for effectively hiding items 
within a house (e.g. in bathrooms; Nee et al., 2019). As discussed, this may have helped participants 
to conceptualise burglary prevention as a technical problem (Winkel, 1991), which can be overcome 
by following correct behaviours and purchasing the correct deterrence devices. Conceptualising 
prevention as a technical problem is said to alleviate perceptions of powerlessness, increase 
confidence and increase participants’ feelings of control (Fischer, 1984). Such an explanation has 
been offered as to why increasing the presence of physical security in neighbourhoods can lead to 
lower fear of crime (Chatterton & Frenzf, 1994; Yuan & McNeeley, 2016).  

 Conceptualising prevention as a technical problem may offer one potential explanation for 
why training may increase perceived control, however it does not explain why this greater feeling of 
control was only present for those who completed VR training. In this regard, the explanation for 
this increase may lie in the immersive nature of VR, and the effect this has on cognition (Maneuvrier 
et al., 2020). For example, VR training produced a realistic simulated environment that allowed 
participants to learn preventative information and risk reducing behaviours in a contextually 
accurate environment (Nee et al., 2015). It is possible that providing an environment that reflected 
the participants own home (in comparison to the webpage condition that offered no such 
environment) allowed participants access to greater amounts of relevant information (visual and 
auditory inputs that were not present in a webpage based condition) and led to the development of 
more complex schemas for spotting risk and preventing burglaries (Nee & Ward, 2015). According to 
schema theory (Widmayer, 2004) detailed schemas can make recall of information (e.g. prevention 
tips) easier, which may subsequently improve confidence (Beardsley, 2020; Brooks, & Dansereau, 
1983; Widmayer, 2004). This increased confidence could then lead to the enhanced feelings of 
control (Fischer, 1984), which would explain why participants trained in immersive VR reported 
increased levels of control, whilst those in the webpage condition did not. Research in non-
criminogenic fields has also highlighted a relationship between levels of immersion, and perceptions 
of control post-experience (Riva, Wiederhold, & Molinari, 1998), which might explain the higher 
levels of control reported in the VR trained group compared to the less immersive computer trained 
group.  

 Similar concepts could also explain the increase in worry (whilst absent from a property) 
seen in the current study. Although this heightened worry could be attributed to an increased 
awareness of burglary risk (Barbaret & Fisher, 2009), this would not explain why the increase was 
only present for those in the webpage condition (and was not present in the VR trained or computer 
training groups). Descriptively, all groups experienced an increase in fear, however it is possible that 
in the VR group, this was offset by the increase in perceived control stemming from the greater 
training benefits and more complex schemas developed. Previous research has highlighted a 
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relationship between perceived control and fear (Jackson, 2011), with fear decreasing as a result of 
increasing control. Therefore, the webpage condition, who reported no increase in control, may 
have felt more fearful as a result of their new awareness for burglary risk and therefore reported 
higher levels of burglary worry. Although examining the interactions between emotional and 
cognitive aspects of fear was beyond the scope of this literature, future research should examine the 
relationship between perceptions of control and expressed worry across participants in this VR 
burglary awareness training. This would further aid understanding of the relationship between VR 
training and fear of burglary.  

 

Limitations 

 Fear of crime literature has long been criticised for an overly simplistic approach to 
measurement, focusing on cross-sectional measures of emotive responses that fail to capture the 
complexities of participants’ responses to fear inducing stimuli (Hale, 1996; Jackson, 2005; Rogerson 
& Christmann, 2007). Based on the findings of recent research (Chon & Wilson, 2016; Jackson, 2005), 
the current study aimed to mitigate these critiques by measuring fear across a range of scales, 
accounting for participants’ emotive responses, perceived likelihood of victimisation, perceived 
impact of victimisation, and perceived level of control. Quantitative questionnaires have been shown 
to be effective measures of fear (Wilcox et al., 2003); however, research has also suggested that 
qualitative measures may be more appropriate for capturing the complex interaction of emotion, 
cognition and demographics that produce fear of crime (Pain et al., 2000; Rogerson & Christmann, 
2007). Whilst the current study has provided initial insight into the effect of VR risk awareness 
training on participants fear of burglary, future studies should aim to expand this relationship by 
employing a qualitative or mixed approach to measuring fear of crime.   

 The current research utilised a cross-sectional approach, measuring fear directly prior to, 
and immediately following, burglary prevention training as opposed to providing a longitudinal 
approach. It has been argued that such cross-sectional designs fail to account for changes in fear 
over time (Ditton et al., 2005), and also fail to account for contextual differences in participants’ fear 
during the study compared to their fear when completing their daily activities in their own home 
(Rogerson & Christmann, 2007). Although research has shown the potential for VR to induce long 
lasting reductions in anxiety (Snežana Stupar-Rutenfrans et al., 2017), it is possible that any 
alterations to participant fear seen in the current study were only temporary, and that ratings would 
fall back to pre-training baseline given a prolonged period of time. Additionally, fear is said to be 
contagious, and heavily influenced by subsequent social interaction, which cross-sectional designs 
cannot account for (Prieto-Curiel & Bishop, 2017). It is currently unclear whether the perceived 
increases in control, and no change in worry for the VR trained group would withstand a 
householder entering back into a fearful social environment (particularly if they live in a high risk 
burglary area), as it is possible that the interaction with a fearful close family member could lead to 
increased participant fear (Prieto-Curial & Bishop, 2017). Future research should focus on answering 
these questions, overcoming the limitations of cross-sectional measures by providing a more 
longitudinal measure of fear, perhaps with a focus on participants from high risk locations, 
examining the impact of negative social interaction and complexities of participant fear through 
qualitative interviews alongside quantitative scales (Ditton et al., 2005; Pain et al.,2000).  

 Finally, as with the other studies in this PhD thesis, it is necessary to highlight the limitations 
of the VR system used in this research. Whilst VR is highly immersive (van Gelder et al., 2014), and 
care was taken in the current study to maintain a high fidelity environment, the technology is still 
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relatively early in its lifespan (Anthes et al., 2016). Across other studies, advances in immersion, have 
been shown to increase the illusion of task realism (Slater, 2009), and affect fear in participants upon 
exiting the virtual environment (Poescl & Doering, 2014). It is therefore possible that the effect of 
the current VR training on fear of burglary could be mediated by the levels of immersive technology 
used during the training. Possible advances in immersion include the use of avatars to simulate 
residents of the neighbourhood (Poescl & Doering, 2014), haptic feedback to stimulate the feel of 
the neighbourhood as participants interact with objects (Kim et al., 2017), auditory stimulation to 
provide a complete sensory experience (Andreano et al., 2009), and designing an environment that 
more closely matches a participant’s actual living area. As technology becomes more prevalent and 
commercially viable, future research should focus on including these immersive technologies into 
the VR training in order to increase fidelity, and more accurately capture how this training affects 
participants fear.  

 

Conclusion 

 Chapter 4 of the current thesis highlighted the benefits of a novel VR burglary prevention 
method on participants understanding of burglary risk. However, fear of crime literature 
demonstrated that the additional awareness and high levels of VR immersion could lead to increases 
in fear of crime among participants. For the first time in the literature, the current study set out to 
assess the impact of VR burglary prevention training on fear of crime. The study found no negative 
effect of VR training on participants’ worry of being burgled, compared to a significant increase in 
worry for participants undergoing the more traditional webpage training method. Additionally, the 
VR training increased participants’ perceptions of control relating to burglary victimisation, whilst no 
such benefit was seen in the webpage condition.  

 When taken alongside the results of Chapter 4, it appears as though VR training offers an 
effective method for improving householders’ understanding of burglary risk without increasing 
their levels of worry, perceived likelihood of being burgled, or perceived impact of being burgled. It 
appears to equip participants with the knowledge and confidence needed to improve their sense of 
control, which would hopefully lead to greater risk reducing behaviour around their own homes. 
However, the benefits described thus far have come from cross-sectional research, and therefore 
there is no empirical support to suggest householders’ benefit from this training once they leave the 
lab. Future research should focus on a longitudinal measure of participants’ fear, which should aid 
understanding for any long term impacts of this VR training on participants fear of crime. The 
training itself could also be improved as a result of future advances in technology, producing more 
immersive and more realistic simulated environments. Despite the limitations, the current study 
highlights a promising new method for reducing fear of burglary alongside reducing actual risk, 
which should help to mitigate the negative impacts of fear, and negate a significant urban stressor 
within the environment.  
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Chapter 6: General Discussion 
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Previous research suggested that householders lack the offence-specific knowledge 

possessed by experienced criminals, and are therefore unable to perceive factors in their 

environment that may leave them vulnerable to burglary (Nee et al., 2019). However, this literature 

was limited; typically focusing on offender behaviour, and recruiting relatively small samples of 

householders. As a result of these limitations, previous studies had not examined how householders’ 

understanding of risk may differ across varied demographics. Study 1 (Chapter 2) and Study 2 

(Chapter 3) aimed to overcome these limitations, and provide an in-depth empirical baseline for 

householders’ understanding of risk. Study 1 yielded the first exploration of householders’ risk-

creating behaviours inside a residence, whilst also exploring any differences between three 

householder groups (students, low-income householders, and high-income householders). Using the 

same sample, Study 2 assessed householders’ appraisal of burglary cues whilst scouting a simulated 

neighbourhood rendered in virtual reality (VR). Both studies extended the work of previous VR 

burglary literature (e.g. Meenaghan et al., 2018; Nee et al., 2019; van Gelder et al., 2017) by 

supplementing real-time behavioural data with householders’ scouting verbalisations (and 

quantitative survey data) to provide the first in-depth analysis of householders’ cue perceptions in a 

contextually accurate environment.  Additionally, the research conducted in Chapters 2 and 3 was 

the first to examine multiple groups of householders, allowing for differences in risk perceptions to 

be explored across demographics. It was hoped that such in-depth analysis could provide further 

insight into the knowledge gap between non-offenders and expert burglars, which in turn could 

inform future crime prevention training. 

 Having established a baseline for householders’ understanding of burglary risk, Study 3 

(Chapter 4) explored whether VR could act as a method of improving householders’ risk related 

knowledge. To achieve this, a sample of non-offenders were recruited to receive scripted VR 

burglary prevention training presented in either a fully immersive simulation or on a desktop 

computer. This was compared to a group who were presented with the same information in text 

form on a webpage. Knowledge acquisition was tested by examining participant’s performance in a 

subsequent mock burglary study. It was hypothesised that participants in the VR condition and 

computer condition would perform better in the mock burglary study than the text group, spending 

less time scouting the neighbourhood (but covering more distance), being more likely to enter house 

1, being more likely to enter the back of the property, stealing smaller and higher value items, 

spending more time on the first floor, and reporting higher perceived levels of training effectiveness 

and a higher likelihood of making future behavioural changes. Although not all hypotheses were 
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satisfied in the results,  Study 3was able to establish the effectiveness of coaching in a simulated 

virtual reality environment in improving householders understanding of burglary risk.  

 Finally, having established the benefits of VR in enhancing risk knowledge, Study 4 (Chapter 

5) set out  to assess the impact of this VR training on participants’ fear of crime.  Given the possibility 

that fear of burglary can arise as a result of increased awareness (Barbaret, & Fisher, 2009) as well as 

the impact VR can have on negative affect (Riva et al., 2007) and the general negative impact 

surrounding fear of crime (Foster et al., 2014), it was clear that research needed to explore the 

relationship between VR training and burglary fear. However, prior to the current PhD thesis, this 

relationship had not been discussed. Using the same sample employed in Study 3, participants in 

Study 4 received one of the three aforementioned training methods. Fear of burglary was tested by 

administering a fear of crime questionnaire to participants pre-training and post-training. This 

questionnaire asked participants to report their levels of fear for burglary, their perceived likelihood 

of being burgled, their perceived impact of burglary victimisation and their level of perceived control 

over burglary victimisation. Within-group differences were explored pre-post training, and between-

group differences were assessed across the three training groups.  

Discussion of the findings 

 Establishing a baseline of risk.  

Participants’ in Study 1 were asked to place a series of valuable items around a virtual home, 

so that it best reflected placements in their own properties. Behaviour in this task appeared 

complementary to (and enabling of) the burglar behaviour discussed in previous research (e.g. 

Meenaghan et al., 2018; Mercan, 2019; Nee et al., 2019, Taylor, 2014). The majority of items were 

sorted into the bedroom and living room, with the highest value items being found in the bedroom. 

This matches up to the systematic searching behaviours described by burglars, in which the 

bedroom is prioritised, but the living room is also favoured (Meenaghan et al., 2018; Nee et al., 

2015; Nee et al., 2019; Wright, & Decker, 1994). Householders also conformed to burglar 

expectations in many of their specific item placements. For example, the majority of participants 

placed the jewellery box, passport, and wallet into the bedroom, which is where burglars have 

reported looking for these items (see Meenaghan et al., 2018; Nee, & Meenaghan, 2006; Taylor, 

2014; Wright, & Decker, 1994). Similar patterns can be seen across the living room and study, which 

burglars often favour for their large proportion of electrical goods (Taylor, 2014) and in which many 

participants placed their phones, iPad, television, PlayStation, iMac, and laptop. In fact, the only 

areas that burglars consistently highlight as having low expected value are children’s bedrooms, and 
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bathrooms (Nee et al., 2015; Nee et al., 2019) which were only favoured by a small percentage of 

participants in Study 1.  

The findings of Study 1 provide a novel insight into householders’ placement behaviour 

within a residential setting. In line with the claims made by Nee et al. (2019), Study 1 appears to 

demonstrate that householders are facilitating burglary behaviour, by placing items where offenders 

typically expect to find them. This also supports previous suggestions that non-offenders lack the 

schematic knowledge and expertise of burglars, and thus lack an understanding of how burglars 

operate during a crime (Nee & Ward, 2015; van Sintemaartensdijk et al., 2020). In fact, the extent to 

which placement behaviours matched to burglars’ expectations supports the idea that householders 

are ‘naivettes’ (Chi, 2006; Nee et al., 2019). In other words, householders do not just lack the 

expertise of burglars, but they actually possess no expertise, and are characterised by a total 

ignorance of the burglary domain.  

Using the ideas of dysfunctional expertise theory (Nee & Ward, 2015), the findings of Study 

1 support need to train householders by having them complete placement tasks and mock burglaries 

within VR settings. By combining these experiences with feedback and coaching, it could allow 

householders to develop the mental schemata and behavioural scripts needed for successful 

burglaries. Using these, householders should then be able to anticipate burglar behaviour and hide 

items in places that contradict typical expectations. This would hopefully inhibit a burglars’ expertise 

should they ever gain entry to a property, reducing their ability to complete the offence (Nee, 2015; 

Woollett & Maguire, 2010). This would hopefully yield a reduction in burglary prevalence to areas in 

which this training is administered.   

The need for further risk awareness training can also be seen in Study 2, which was also able 

to replicate many of the conclusions seen in past literature that examined householder’s appraisal of 

risk (e.g. Logie et al., 1992, Nee et al., 2019). In Study 2, participants were asked to assess the 

exterior of a virtual neighbourhood, aiming to highlight any perceived risk cues, and this was 

supplemented by the completion of a ranking task in which householders rated the importance of 

risk cues to a burglar. As with previous householder studies (Logie et al., 1992; Nee, & Taylor, 1992; 

Wright et al., 1995), participants appeared to overestimate the importance of security cues, ranking 

the alarm and CCTV as the most important factors for burglar target selection. In reality, burglars 

typically perceive security as a conditional deterrent, that can be easily overcome by exploiting other 

vulnerabilities in the neighbourhood (e.g. open windows, unlocked rear access) Hearndon, & Magill, 

2004; Nee, & Meenaghan, 2006; Palmer et al., 2002). Given the high prevalence of such mechanisms 

among homeowners (Tseloni et al., 2018), it is not surprising that participants believed these to be 
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the most important cues in burglar target selection. The overestimation of security devices as a 

burglary deterrent is also in line with recent surveys examining householder perceptions, in which 

participants perceived security devices as the most effective and recommendable prevention 

measures (Lee et al., 2008; Roth, 2017). It is clear that these misconceptions need to be addressed, 

particularly given that alarms have been shown to increase burglary risk by attracting a burglar’s 

attention and acting as an indicator that a house contains valuable items (Meenaghan et al., 2018; 

Tilley et al., 2015). Training householders to understand the deficiencies of security devices (and to 

better recognise their risk creating behaviours) was therefore included as a main goal in the VR 

training described in the current PhD thesis.   

Householders in Study 2 were able to demonstrate some awareness for burglary risk, 

correctly ranking certain layout features (vulnerable entrances, rear access, multiple escape routes) 

as being important to a burglar. However, they did not recognise the relative importance of other 

layout cues, including corner properties, vegetation, or light sources, which have all been favoured 

by burglars in previous research (Bernasco, & Luykx, 2003; Coupe, & Blake, 2003; Nee, & Taylor, 

2000; Nee et al., 2019). This is similar to householder behaviour in Taylor and Nee (1988), where 

both non-offenders and burglars rated rear access as being an important cue, and used layout cues 

to perceive a detached house as being more vulnerable. However, only the offenders noted the 

increased vulnerability of corner properties, which influenced their ratings of other houses in the 

neighbourhood. The fact that householders were unaware of corner property vulnerability was also 

demonstrated in a recent VR study by Nee et al. (2019), and was a clear knowledge gap that needed 

to be addressed in the VR training method. It was somewhat encouraging that householders could 

correctly perceive the importance of certain cues, as it demonstrated a reasonable level of risk 

understanding, and therefore it is possible that householders already possess some relevant 

burglary schemas (Nee, & Ward, 2015), which should make congruent schematic information easier 

to encode during training and easier to recall when reducing risk around one’s own home (Holtje, 

Lubahn, & Mecklinger, 2019).  

However, such positive conclusions are somewhat offset by the results of participants’ 

verbalisations in Study 2. For the first time in householder research, Study 2 analysed the types of 

cues used by householders when scouting a VR neighbourhood. In doing so, the researchers 

simulated many contextual cues present in a real residential area, and thus could explore 

householder cognitions in a more contextually relevant setting. Contrary to their perceived 

importance in the ranking task, participants rarely cited key layout cues (e.g. open windows, the 

unlocked back gate, and the presence of the back alley) when scouting the neighbourhood. 

Additionally, householders rarely made occupancy or wealth judgements, which have also been 
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considered important factors of burglar target selection (Nee, & Taylor, 2000; Palmer et al., 2002; 

Wright & Logie, 1988). These findings broadly align with previous comparison studies (Logie et al., 

1992; Nee & Taylor, 2000; Wright et al., 1995) in suggesting that householders do not understand 

the types of target selection cues favoured by burglars. However, the current research also suggests 

a disparity between householders’ perceptions in a residential setting, and their cue perceptions in a 

ranking task. It appears as though householders were able to justify the importance of certain layout 

cues when they were primed to do so (in the ratings task), but failed to discuss these same features 

in the virtual neighbourhood when completing the appraisal task. It may be that householders 

possessed some tacit knowledge of burglar behaviour (possibly gained through publicity campaigns 

or previous burglary experience; Bower & Johnson, 2003; Tilley & Laycock, 2000), which they then 

drew upon when asked to rate the importance of these cues. However, they may not have 

possessed the ability or experience to link this knowledge to features in the environment when 

exploring the neighbourhood. Burglars are said to assess cues using complex and interconnected 

mental schemas, which lead to a high level of offence specific-expertise, and allow them to complete 

crimes quickly and efficiently (Nee & Ward, 2015; Meenaghan et al., 2020). Householders may 

possess more rudimentary schemas, and may not have developed the level of expertise needed to 

draw on these cognitions whilst scouting a neighbourhood.  

This lack of householder expertise can also be seen when examining the three cues favoured 

most in the scouting task. These cues (the alarm, bicycle, and lack of curtains) were highly salient 

visual features, and were arguably the most noticeable differences between the five houses. 

Householders appeared to place heavy emphasis on these particular factors, ranking House 5 (with 

no curtains and a bike) as the most attractive property, and House 1 (with the alarm) as the least 

attractive. Fewer participants appeared to notice more implicit differences between the properties, 

with Houses 3 and 4 preferred to House 1 despite the fact that House 1 was a corner property. This 

reliance on salient visual cues could suggest a lack of perceptual and spatial awareness among the 

householders, a trait often demonstrated by novices in expertise research (Nee, & Ward, 2015). In a 

previous exploration of this VE, burglars demonstrated awareness for these visual features, but 

showed a greater focus and preference for more implicit cues (Meenaghan et al., 2018). Burglars 

have also demonstrated more complex responses to these cues, making occupancy and wealth 

judgements from the presence of vehicles (Logie et al.,1992; Meenaghan et al., 2018), and being 

attracted to the presence of an alarm (Nee, & Taylor, 2000); very few participants demonstrated 

such behaviour in Study 2. This appears to support a superior level of cue recognition and perceptual 

awareness among burglars (Nee, & Ward, 2015), with householders failing to demonstrate the same 

level of expert processing. Given this lack of householder expertise, it is clear that future training 
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needs to provide more than a simple transmission of prevention knowledge. Instead, there is a need 

for a more experiential training method, in which householders can develop and practice the 

behavioural and cognitive scripts needed to perceive burglary risk in a similar manner to offenders. 

The researchers believe that immersive VR methodologies may hold the key to simulating such 

experiences. 

An examination of differences across demographics 

In addition to establishing a baseline for householder risk understanding, both Study 1 and 

Study 2 aimed to explore differences in burglary knowledge across demographics. In Study 1, 

students showed a greater preference for placements on the first floor, sorting more items into this 

area than higher income householders. Students also placed a greater number and higher value of 

items in the master bedroom compared to both sets of non-student householders, and spent more 

time on the first floor than on the ground floor. Given burglars’ previously demonstrated affinity for 

these lucrative areas (e.g. Nee et al., 2019; Taylor, 2014), it could be suggested that students are 

creating more opportunities for burglars than their non-student counterparts, which itself may be 

indicative of less understanding or less burglary expertise. Such a conclusion would fit with previous 

research, demonstrating that students do not understand how to protect their personal property, 

and lack awareness for essential security behaviours (Barbaret & Fisher, 2009; Fisher et al., 1997). It 

may also help to explain why victimisation rates among student groups are higher than those within 

the general population (Barbaret et al., 2004; McCreith, & Parkinson, 2004). Perhaps the student 

victimisation rate could be lowered if universities were to implement training that focused on these 

specific risk behaviours, in particular highlighting the risks associated with bedroom placements.   

However, caution should be taken when interpreting these results from Study 1. It may be 

incorrect to accredit these findings purely to a lack of understanding or expertise. As indicated in the 

literature, a typical student often lives in shared accommodation, with their private spaces often 

limited to their bedroom and an en-suite bathroom (Cross et al., 2009). Given that part of the task 

instructions asked participants to place items as they would ‘in real-life’ it may be that students’ 

preference for the first floor reflected the limitations of their current living space, as opposed to any 

comparative deficiency in expertise. Students may have placed more items in the bedroom because 

this was the limit of their real-life private space, whereas non-students, who typically would not 

suffer from such limitations, spread more items around. In fact, when examining object: value ratio 

(which accounts for the number of items placed in a room), it appears as though non-students’ 

bedroom placements were, on average, of a higher value than those of students. This supports the 

idea that non-students possess no greater understanding of burglary risk, and that the specific 
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opportunities created by students may instead be the result of spatial limitations within their actual 

residences. Future research should examine this further, by comparing the risk-creating behaviours 

of students in different living conditions. For example, students living alone may not be as restricted 

for space, and may display behaviours closer to non-students. Future training methods may need to 

acknowledge the impact of different living conditions, by identifying how and where spatial 

limitations may influence behaviour, and specifying relevant solutions (e.g. encouraging students 

with limited space to conceal items in en-suite bathrooms).   

In regard to the two householder income groups, there were no differences there were no 

significant differences in the placement of items across any of the dependant variables (number of 

items placed, value of items placed, time spent on any floor). The reasons for this are subject to 

speculation, however a suggestion is provided below. The lack of differences may be attributed to 

methodological limitations in how the two income groups were defined. Lower income 

householders are notoriously difficult to recruit for empirical study, as they are often hard to reach 

through adverts, and may be mistrusting of researchers (Sixsmith et al., 2003). Given the relative 

limitations of time and resources for Study 1, it was deemed necessary to include a broad range of 

income values within each group. This allowed for the recruitment of a suitable sample size, and 

provided enough statistical power for valid results. By stratifying the groups above and below the 

national median income, it was hoped that they would still be suitably different to identify unique 

variations in risk-creating behaviour. However, recent research into burglary victimisation has 

highlighted the increasing disparity between the poorest communities and other householder 

groups (Tilley et al., 2011). Householders earning under £10,000 have suffered a disproportionately 

low drop in burglary rates over the last 20 years, and account for an increasing portion of burglary 

victims (Hunter, & Tseloni, 2016; Thacher, 2004). It may be that this skew in victimisation is reflected 

in burglary risk understanding, with the lowest income householders displaying unique risk-creating 

behaviours. However, the wide definition of ‘low income’ used in Study 1 would not have captured 

such specific differences. Future research should measure placement behaviour across a wider 

stratification of income groups, in order to identify differences in risk understanding at the extreme 

ends of the income scale. 

 Alternatively, it is possible that the lack of differences simply highlights a null effect of 

income on burglary risk understanding. Lower income householders may not be more vulnerable 

because they are engaging in more risk-creating behaviours (relative to high income householders) 

but simply because they exist closer to a burglars’ routine activity space (Tseloni et al., 2004) or 

because they cannot afford high-quality external security (Tseloni et al., 2007). Additionally, income 

is a broad demographic variable, with each group comprising of many ages, occupations, and other 
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lifestyle factors (e.g. previous burglary prevention training). It is possible that these sub-groups may 

influence a participant’s risk-creating behaviour, but such specific patterns may be hard to identify 

when measuring income as a whole. Future research may be more likely to find differences by 

focusing on more specific demographic groups. For example, given that exposure to burglary is said 

to increase domain-specific expertise (Nee & Ward, 2015) it would be beneficial to examine whether 

previous victims of burglary display different levels of burglary risk (i.e. place items differently) than 

those who have not been previous victims. Their experience of the crime could allow them to 

develop more complex and detailed cognitive schemas, producing a greater understanding of risk. 

However, research has yet to examine the effect of previous victimisation in this context.  

In Study 2, patterns of behaviour were consistent across all three householder groups, 

suggesting that lack of burglary risk understanding may be a common trait across non-offenders. 

However, there were some group differences, which may indicate the need for future demographic 

specific interventions. For example, all groups assigned community surveillance cues a low rating in 

the ranking task, which is in contrast to the well-documented deterring effect of guardianship in 

previous research (Hollis-Peele et al., 2011; Moir, Reynald, & Hart, 2017; Reynald, 2009; van 

Sintemaartensdijk et al., 2020). However, higher income householders appeared to rank these cues 

lower than the other two groups. Routine Activities Theory (Cohen, & Felson, 1979) may provide one 

explanation for this, in that higher income householders may have less opportunity to act as 

guardians, because they spend more time away from the property (e.g. at work; Tilley, Tseloni, & 

Farrell, 2011). As they have fewer chances to act as guardians in their everyday life, they may have 

fewer chances to perceive its effectiveness. This would explain its lower rating in Study 2.  It is also 

possible that these differences are due to other variations between the groups, such as 

neighbourhood cohesion. Studies have highlighted the role of social cohesion in affecting the 

likelihood of guardian intervention, with areas of higher social cohesion leading to increased 

guardianship (Sampson, Raudenbush, & Earls, 1997). It may be that the higher income householders 

in Study 2 originated from areas of lower social cohesion (compared to the other groups) and 

therefore had a decreased perspective on the effectiveness of guardianship measures. This latter 

explanation highlights the possible mediating role of additional demographic variables in 

participants’ risk perceptions, which were not examined in the study. Future research should focus 

on further examining such mediators, so as to expand current knowledge on group differences.  

VR: A novel method of improving householders’ risk understanding. 

Studies 1 and 2 established the need for an experiential training method in which 

householders can develop and practice the behavioural and cognitive scripts needed to perceive 



 
 

153 
 

burglary risk in a similar manner to offenders. Specifically, these studies highlighted the need for 

householders to understand the risk of valuable items left in the bedroom, the vulnerability of 

corner houses, the vulnerability of rear access, the limitations of alarms, and the protective effects 

of locks and motion activated lights. The Virtual Reality (VR) training method proposed in Chapter 4 

aimed to incorporate all these factors, assessing the effect of immersive VR training (over computer 

based and text based training) by analysing participants’ performances in a mock burglary task.  

Study 3 found that those in the VR condition demonstrated superior performance in many 

aspects of the mock burglary compared to the other groups. Participants in the VR training group 

were more likely to enter house 1 and enter via the rear of the property compared to both the 

computer and webpage groups. The VR training group also spent more time on the first floor 

compared to the ground floor. There were no time differences across the first and ground floor for 

the webpage group. Furthermore, there were no between-group differences for any time or 

distance variables, nor were there any differences in post-training questionnaire responses across 

the three groups. All groups reported high levels of improved understanding and a high likelihood of 

changing behaviour following the study training.  

Whilst the householders in the current research may not have managed to replicate the 

scouting behaviours of burglars in previous research (Nee et al., 2015; Nee et al., 2019), they did 

perform notably better than the non-offenders used in previous studies. The VR trained participants 

displayed a clear house preference, as well as systematic entry, exit and navigation choices that 

were not present in previous novice groups (e.g. Nee et al., 2019).  Both the VR and computer 

training groups appeared to effectively convey the vulnerabilities associated with end of terrace 

properties and rear access, as well as the lucrative nature of the first floor. All of these have been 

shown to be favoured by burglars in previous research (Mercan et al., 2019; Nee et al., 2019; Taylor, 

& Nee, 1988; Wright, & Decker, 1994). VR trained householders also stole more small high value 

items compared to both the computer and webpage groups, specifically being more likely to steal 

the jewellery, passport, camera, and iPad. According to these findings, VR training conveyed 

burglar’s preference for small high value items (Meenaghan et al., 2018; Taylor, 2014), leading to 

more discriminate searching behaviours in this group in comparison to the computer and webpage 

trained groups. Altogether, those in the VR condition performed better across many performance 

measures than those in either the computer or webpage conditions, suggesting a higher rate of 

knowledge acquisition within this group. Although all training methods were perceived as being 

highly effective by participants, and succeeded in communicating certain aspects of burglar 

behaviour, the VR condition seemed to be the most effective method at improving householder’s 

understanding of burglary risk.  
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One explanation for these findings can be seen when examining previous studies of VR 

training across other fields (e.g. Buttussi & Chittaro, 2019; Cakiroglu, & Gokoglu, 2019; Gamberini, et 

al., 2003; Gurusamy et al; 2009; Oliva et al., 2019; Smetana & Bell, 2012). As in the current research, 

these previous studies also demonstrated a significant benefit of VR as a training tool over more 

conventional means. One primary explanation for this benefit is the additional immersion provided 

by VR training. By instilling a feeling of presence in participants, VR is able to create a feeling that an 

individual is actually in the virtual environment (Feng et al., 2018). This has been suggested to lead 

to increased focus on the task and improve memory recall (Krokos et al., 2018). In the current study 

(Study 3, Chapter 4), the immersive simulation could have led to participants paying increased levels 

of attention to both the information being provided, and the visual cues around them, with the 

greater immersion provided by the HMD leading to even greater levels of focus compared to both 

the computer and text groups. This would explain why VR training led to better mock burglary 

performance than either other group.  

Another explanation for these findings may lie in the dysfunctional expertise theory of 

burglary proposed by Nee and Ward (2015). According to the dysfunctional expertise theory, 

householders’ lack of burglary experience has led to underdeveloped burglary related schemas 

(compared to expert burglars), leading householders to unwittingly create opportunities for burglars 

around their homes. According to schema theory (Widmayer, 2004) schema activation in a complex 

task can often be mediated by sensory environments (Day, & Belleza, 1983), in other words schemas 

can be influenced by audio-visual information. It is possible that the heightened visual cues of the 

virtual environment, along with the audio information provided by the experimenter, might have led 

to participants in the VR and computer groups to develop richer, more complex schemas than those 

in the text group. The use of a simulation may also have allowed these schemas to be developed in 

an environment that was more contextually relevant to the testing phase (and real life 

neighbourhoods) compared to the text based scenario, allowing for quick activation of these 

schemas (Day, & Belleza, 1983). This in turn would allow participants to easier recall the information 

from the training (Flannery, & Walles, 2003) and, similarly to expert burglars (Nee, & Ward, 2015), 

access effective behaviours for improved task performance. This would explain why both the VR and 

computer groups performed better than the text group, and why there were limited differences 

between the two simulations conditions (because they both provide contextually relevant visual 

information). This would further suggest that the exclusive benefits of VR training can be explained 

by the heightened level of immersion from this method.  

Study 3 extended the work of previous VR burglary literature (e.g. Meenaghan et al., 2018; 

Nee et al., 2019; van Gelder et al., 2017) by further demonstrating the effectiveness of VR in a 
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criminogenic setting. Whilst many studies in this field focus on experienced burglars, Study 3 

extended the field of novice householder research, providing the first instance in which VR is 

assessed as a possible burglary prevention tool. The findings in Study 3 demonstrate the 

effectiveness of a novel VR training method in improving householders’ understanding of burglary 

risk, and provides the baseline for which many other burglary VR studies can be developed. For 

example, it would be beneficial to examine how well this training leads to improvements in actual 

burglary deterrence. Following on from previous area-focused burglary projects (Crawford, & Jones, 

1995; Forrester et al., 1988), future researchers could select a particularly vulnerable neighbourhood 

of householders to undergo VR training method, with the benefits of such training being examined 

using changes in burglary rates.  

Lastly, Study 4 (Chapter 5) aimed to supplement the benefits of VR training on risk 

understanding by exploring how this training method may impact householder fear of crime. 

Participants reported a higher level of worry for burglary occurring whilst absent from their property 

(from pre-training to post-training responses). However, subsequent analysis revealed that this 

effect was only present for participants in the text trained condition; no increase was noted for 

either the VR or computer trained conditions. Similarly, there was an overall increase in perceptions 

of control from pre- to post-training responses, but when broken down by group this increase only 

occurred in the VR training condition.  There were no differences across participants perceived 

likelihood of being burgled (either whilst present or absent), nor was there any differences across 

perceptions of impact or worry for burglary when present in their property. This was true across all 

three groups and from pre-post fear measures. 

One explanation for the increase in perceived control across participants could stem from a 

greater awareness of the types of security features that deter burglars (e.g. tough locks and motion 

activated lights; Tseloni, Thompson, Grove, Tilley, & Farrell, 2017) as well as an increased awareness 

for effectively hiding items within a house (e.g. in bathrooms; Nee et al., 2019). This may have 

helped participants to conceptualise burglary prevention as a technical problem (Winkel, 1991), 

which can be overcome by following correct behaviours and purchasing the correct deterrence 

devices. Conceptualising burglary in this way is said to alleviate perceptions of powerlessness, 

increase confidence, and increase participants’ feelings of control (Fischer, 1984). Such an 

explanation has been offered as to why increasing the presence of physical security in 

neighbourhoods can lead to lower fear of crime (Chatterton, & Frenzf, 1994; Yuan, & McNeeley, 

2016). Whilst this may offer one potential explanation, it does not explain why this greater feeling of 

control was only present for those who completed VR training. In this regard, the explanation for 
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this increase may lie in the immersive nature of VR, and the effect that VR has on cognition 

(Maneuvrier, Decker, Ceyte, Fluery, & Renaud, 2020) 

The VR training produced a realistic simulated environment that allowed participants to 

learn preventative information and risk reducing behaviours in a contextually accurate environment 

(Nee et al., 2015). It is possible that providing an environment that reflected the participants own 

home (in comparison to the text condition that offered no such environment) allowed participants 

access to greater amounts of relevant information (visual and auditory inputs that were not present 

in a text based condition) and led to the development of more complex schemas for spotting risk 

and preventing burglaries (Nee & Ward, 2015). According to schema theory (Widmayer, 2004) 

detailed schemas can make recall of information (e.g. prevention tips) easier, which may 

subsequently improve confidence (Beardsley, 2020; Brooks, & Dansereau, 1983; Widmayer, 2004), 

and this increased confidence could then lead to the enhanced feelings of control (Fischer, 1984). 

This would explain why participants trained in immersive VR reported increased levels of control, 

whilst those in the text condition did not. Research in non-criminogenic fields has also highlighted a 

relationship between levels of immersion, and perceptions of control post-experience (Riva, 

Wiederhold, & Molinari, 1998), which might explain the higher levels of control reported in the VR 

trained group compared to the less immersive computer trained group.  

Similar concepts could also explain the increase in worry (whilst absent from a property) 

seen in Study 4. Although this heightened worry could be attributed to an increased awareness of 

burglary risk (Barbaret, & Fisher, 2009), this would not explain why the significant increase was only 

present for those in the text-trained group. Descriptively, all groups experienced an increase in fear, 

however it is possible that in the VR group, this was offset by the increase in perceived control 

stemming from the greater training benefits and more complex schemas developed. Previous 

research has highlighted a relationship between perceived control and fear (Jackson, 2011), with 

fear decreasing as a result of increasing control. Therefore, the text group, who reported no increase 

in control, may have felt more fearful as a result of their new awareness for burglary risk and 

therefore reported higher levels of burglary worry. Although examining the interactions between 

emotional and cognitive aspects of fear was beyond the scope of Study 4, future research should 

examine the relationship between perceptions of control and expressed worry across participants in 

this VR burglary awareness training. This would further aid understanding of the relationship 

between VR training and fear of burglary.  

Altogether, studies 3 and 4 highlighted the benefits of using scripted coaching, delivered in 

an immersive simulated environment on participants understanding of burglary risk, and their 
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perceptions of control regarding burglary victimisation. However, it should be acknowledged that 

these studies represents only the first instance of VR training in this field. There are certain 

methodological considerations of the current PhD thesis that should be addressed prior to 

developing a more expansive training system. These considerations are covered in detail below. 

Methodological considerations  

To prevent fatigue, participants in Study 1 were limited to placing 15 valuable items around 

the virtual house. It is possible that including more valuable items to be placed would have led to 

further differences across the three conditions, perhaps even some differences between the two 

income groups. However, increasing the length of Study 1 would have also increased the chances of 

motion sickness, a common side effect of VR (Golding, & Gresty, 2005). Future researchers would 

also have to consider the repetitive nature of the task, as increasing the number of items may also 

increase boredom, cyber-sickness, and lower task validity. However, if these problems can be 

overcome, then a more detailed task would likely lead to a clearer understanding of placement 

behaviour.  

Additionally, participants in Study 1 were limited to placing each item in one specific location (the 

location in which they would typically expect to place the item). Whilst this can be used to ascertain 

participants’ general behaviour, it does not account for any differences that may arise as a result of 

specific contexts. For example, participants may place items in different locations at night compared 

to during the day, or may be more careful to hide items when they go out, as opposed to when they 

are inside the property. If Study 1 had presented one of these specific contexts, it is possible that 

less risk-creating behaviours would have arisen. Given that burglars are often attracted by a lack of 

occupancy (Meenaghan et al., 2018; Nee et al., 2019; Wright et al., 1995), future research may wish 

to measure where householders leave items whilst they are away from the property. This would 

generate a greater understanding of risk-creating behaviours, in a scenario that more accurately 

reflects the context in which a householder is likely to be burgled. 

For Study 2, the nature of the task was not necessarily reflective of the role householders occupy 

within their neighbourhood. It is a common aspect of many comparison studies (Nee et al., 2019; 

Nee, & Taylor, 2000; van Sintemaartensdijk et al.,2020) to ask participants to put themselves in the 

shoes of a burglar during a task. However, such an instruction does not necessarily reflect 

householders’ main goal when assessing risk in real life, which is to protect their home from being 

burgled. It may be more relevant to ask participants to engage in a protective mindset during a 

scouting task, which may be a more effective trigger for householders’ risk assessment schemas. 
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Future research should examine the effect of perspective in greater detail, by suitably altering task 

instructions given to participants. 

In regard to the training (Studies 3 and 4) the scope of the research was limited to one single session 

in which knowledge uptake was examined by interpreting behaviour in a mock burglary task. Whilst 

Studies 3 and 4 therefore provide a good baseline for examining the effectiveness of VR as a training 

tool, the limited scope makes it unclear as to whether this will lead to increased preventative 

behaviours in householders’ real life environments. It is also unclear as to whether the comparative 

advantages of VR training over more traditional methods are consistent over a longer period of time. 

Research into evacuation based VR training (see Feng et al., 2018 for a review) has demonstrated 

increased knowledge retention over a week long period for those trained in VR compared to those 

trained in more traditional ways, such as videos or posters. This suggests that VR can convey long-

term benefits compared to less immersive media; however, this has yet to be extrapolated to 

burglary prevention. Future research should focus on developing a more longitudinal test of burglary 

prevention knowledge, perhaps even testing protective behaviours in a real-household setting as 

opposed to a virtual mock burglary. This will hopefully lead to a more developed understanding of 

VR’s [long-term] ability as a training tool.   

Similarly, the cross-sectional nature of the current research may also have impacted the fear of 

burglary analyses. It has been argued that such cross-sectional designs fail to account for changes in 

fear over time (Ditton, Khan, & Chadee, 2005), and fail to account for contextual differences in 

participants’ fear during the study compared to their fear when completing their daily activities in 

their own home (Rogerson, & Christmann, 2007). Although research has shown the potential for VR 

to induce long lasting reductions in anxiety (Snežana Stupar-Rutenfrans et al., 2017), it is possible 

that any alterations to participant fear seen in Study 4 were only temporary, and that ratings would 

fall back to pre-training baseline given a prolonged period of time. Additionally, fear is said to be 

contagious, and heavily influenced by subsequent social interaction, which cross-sectional designs 

also cannot account for (Prieto-Curiel, & Bishop, 2017). It is currently unclear whether the perceived 

increases in control, and no change in worry for the VR trained group would withstand a 

householder entering back into a fearful social environment (particularly if they live in a high risk 

burglary area), as it’s possible that interaction with a fearful close family member could lead to 

increased participant fear (Prieto-Curial, & Bishop, 2017). Future research should focus on answering 

these questions, overcoming the limitations of cross-sectional measures by providing a more 

longitudinal measure of fear, perhaps with a focus on participants from high risk locations, 

examining the impact of negative social interaction and complexities of participant fear through 

qualitative interviews alongside quantitative scales (Ditton et al., 2005; Pain et al.,2000).  
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Overall, there are limitations to the current virtual environment, which should be acknowledged 

across all studies. For example, not being able to simulate multiple types of residences (it may be 

that students would assess risk more accurately in a student accommodation), not being able to 

reflect the risk of a reallife burglary event (which could induce physiological and behavioural 

differences; van Gelder et al., 2017), and limiting participants to an exploration of five houses (a 

larger neighbourhood would represent a more realistic environment, and could allow for more 

variation in risk cues and behaviour). All of these issues could be overcome in future research, with 

advances in technology already allowing for larger neighbourhoods to be developed (e.g. van 

Sintemaartensdijk et al.,2020) and allowing more immersive haptic or auditory systems to be 

implemented into VR systems (Kim, Jeon, & Kim, 2017; Smith, 2019).  

For the training task, the time constraints of VE design meant using the same neighbourhood for 

training as well as testing. Whilst steps were taken to reduce practice effects, by ensuring that all 

participants were allowed to explore the VE prior to training, it is still possible that the comparative 

benefits for those in the VR group were due to their increased exposure to the VE over the text 

group. It is possible that providing the same VE and input method (i.e. wearing the HMD) during 

training and testing led to increased contextually based memory recall (Frey, & Adesman, 1976) for 

those in the VR conditions, leading to their better performance than the text condition. If this were 

true, it may be that the benefits of VR would be lessened if a different environment was used for 

testing compared to training. This should be a primary focus of future research, especially if it is not 

possible to access a real house in which to test improvements in risk understanding. Despite the 

limitations of the current VE, the research did replicate the broad findings from previous research 

into householders’ understanding of risk, as well as broadly replicating training research in other 

fields. This suggests that these limitations did not adversely impact the ability of the current 

research to provide initial insight into VR as a burglary prevention tool. 

Practical implications 

The main practical implication for this study is the establishment of a novel effective training 

method that allows householders to put themselves in the shoes of a burglar and develop their 

abilities in assessing burglary risk. In theory, widespread adoption of this training method should 

lead to householders developing more complex burglary related schemas (compared to 

householders seen in previous research; Logie et al., 1992; Nee et al., 2019) producing a shift in 

preventative behaviour. Ideally, this would see rear access to properties receive considerably more 

protecting, people living in corner properties taking additional steps to reduce their burglary risk 

(e.g. the adoption of rear focuses motion activated lights) and items being hidden in areas that 
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burglars would not expect (such as the bathroom). Although, as with the adoption of many new 

behaviours and habits, the shift from behavioural intention to actual automatic behaviour would be 

a function of time (Karaiskos et al., 2012), and the author acknowledges that it may take a while for 

these behaviours to become second nature to householders.  

In line with Tseloni et al. (2017) this study supports the need to alter advice around burglar 

alarms, given that householders are still highlighting them as the most salient, or most important 

deterrents to a burglar. At the very least, householders should be aware of the potential that alarms 

possess for increasing risk, and they should be encouraged to secure their houses primarily using 

tough locks and motion-activated lights (Tseloni et al., 2017). It is hoped that conveying these tips 

will help shift this mind-set in householders, as indicated by the preference for the alarmed house 1 

by VR trained participants in study 3. However, there is still a need to work directly with police, 

policy makers and insurance companies to help move the narrative away from a reliance on alarms 

pending further research.  

Beyond the establishment of a novel training method, this thesis also highlighted the specific 

risk needs of students, who, in line with other research (e.g. Barbaret & Fisher, 2009), appear to 

demonstrate less security conscious behaviour than non-students, and therefore may need 

additional burglary prevention training. Even within university students, training could be tailored to 

the specific needs of each cohort. For example, students just starting university may be leaving 

home for the first time and may not have had previous responsibility for security of their property 

(Holdsworth, 2000), therefore any burglary prevention training will likely aid the development of 

more complex schemas and improve risk understanding. However, these students will likely be 

staying in halls, which are often flats, with their private space limited to just a bedroom and 

bathroom (Cross et al., 2009). Therefore, teaching these students about the dangers of first floor 

item placements, rear access, or the vulnerability of corner properties would have little benefit at 

this time. However, these could have notable benefits to students when they are leaving halls. 

allowing them to make fully informed, risk aware decisions about the types of properties that they 

want to live in.  

The use of VR training in particular could also alleviate the specific risk needs of students. 

Barbaret & Fisher (2009) highlight how current training methods, such as seminars, receive little 

uptake, with students sometimes being unaware of their university’s efforts to help prevent 

burglary. VR is being viewed by some as a paradigm shift in learning, that provides a fun and 

interactive way to learn different concepts and motivate students to change their mindsets 

(Chandramouli et al., 2014). Although no other study has yet examined VR as a tool in burglary 
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prevention training, it is possible that this more immersive approach to learning, using a technology 

that is still relatively novel, would help attract students towards this training program, and therefore 

help engage them more in security, and burglary prevention. It is possible for all the reasons 

discussed above that a dedicated anti-burglary program targeted at students, using VR would lead to 

notable decreases in burglary prevalence among this vulnerable group.  

Conclusion 

To conclude, the current PhD thesis has provided further demonstration that VR can be an 

invaluable tool in measuring householders’ understanding of risk. Additionally, the current thesis 

was the first to establish VR as an effective training tool to improve understanding of burglary risk 

among members of the general public. Coaching participants in a simulated environment appeared 

to have significant benefits on participants’ behaviour within a mock burglary, whilst having no 

impact on burglary worry. By supporting previous findings (Logie et al., 1992 Nee et al., 2019; Nee et 

al., 2015) using a larger sample size, the current thesis has highlighted many gaps in householders’ 

burglary risk knowledge (e.g. the vulnerability of corner houses, the risk of bedroom item 

placements, and the deficiencies of alarms). This allowed VR training to be designed to specifically 

address and overcome these gaps in order to bring householders’ assessment of burglary risk cues 

more in line with that of burglars. The findings of the current thesis also align with expertise 

research (Nee, & Ward, 2015), by suggesting that householders may need to develop more detailed 

and complex cognitive schemas in order to correctly perceive risk in their environment. Many 

recommendations for future research have been provided, such as examining the benefits of this VR 

training long-term, within a more technologically advanced VE. Future research could also 

supplement training VEs with increased haptic or auditory feedback to provide a more immersive 

environment, which may subsequently increase the benefits of VR training. Overall, the current PhD 

thesis represents a positive step in increasing householder’s ability to act within the burglary offence 

chain; supplying participants with the knowledge on how to reduce burglaries. Perhaps this training 

method could even be used in conjunction with existing multifaceted burglary projects to help 

increase the agency of community stakeholders, which should hopefully lead towards the further 

reduction of burglary prevalence and a decrease in burglary fear.  
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Appendix A: Favourable Ethical Opinion (Study 1+2) 
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Appendix B: Favourable Ethical Opinion (Study 3+4) 
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Appendix C: Training instructions for the VR and Computer conditions (study 3+4) 

 

Coaching Instructions (to be given to participants in the VR conditions after they have completed the 
initial baseline appraisal of the neighbrouhood) 

 

Scouting the neighbourhood 

The participant will be in VR (either 3D or 2D), and will be asked to explore the neighbourhood 
following the experimenter’s instructions. The experimenter will ask the participants to stop at 
certain points around the neighbourhood. Here, they will provide a quick verbal summary of 
participant’s behaviour in the previous task, before discussing typical burglar scouting behaviour. 
This will be achieved by following the script below:  

Upon immediately arriving in the VR.  

‘One of a burglar’s primary concerns is how visible they are. Could there be anyone watching who 
could see them complete the burglary? So they would initially take a moment to examine this upon 
arriving in the neighbourhood.  

They would then likely focus their scouting on the back of the houses, largely ignoring the front. So 
let’s take a look around the back of the properties.  

After a participant moves around the back of the property 

 Burglars prefer to enter properties via the back of a house, as there is less chance of being seen. 
Back alleys are particularly great for a burglar, as they provide them with an easy way to access the 
rear of a property, whilst also offering relatively high levels of cover.  

In terms of which house they would steal from, a burglar would typically choose an end of terrace 
house (there’s less chance of being seen from a neighbouring house, and much better access/escape 
routes compared to middle properties). Householders are very rarely aware of this.  A great way of 
decreasing risk at these properties would be to reduce the amount of cover and increase physical 
security at the rear. Things like installing motion activated lights in alleyways and at backdoors, or 
fitting back gates with tough locks and bolts can massively increase burglary deterrence; burglars 
prefer not to deal with such security devices.  

The participant will be instructed to walk around to the front of the property 

Alarms can be effective if used in addition to other security devices, but can increase your risk if used 
alone. They simply attract the burglar’s attention and are rarely a deterrent as nobody really 
responds to them; if they are linked to a monitoring station there is rarely a response in the time it 
takes to burgle the property (around 8 minutes).  

Another factor that a burglar would look for is signs of wealth compared to neighbouring properties 
(e.g. better décor, more maintenance or more mature/ landscaped gardens). Expensive looking cars 
or bikes are really good clues for a burglar that a property may contain many valuable items. Hiding 
visible valuable items (both inside and outside) can also help reduce these indicators of wealth. 
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Burglars also prefer a house to be unoccupied and certainly don’t want to meet their victims; they 
are likely to abandon the burglary if it turns out to be occupied. When you leave your property on a 
daily basis and especially if you are away for a few days, then systems like time activated internal 
lights or radios can help fake occupancy. Also having a trusted friend or relative come into your 
house to remove any junk mail or simply act a presence in your house can help fake occupancy. 
Make sure to trim any hedges or dense vegetation to reduce cover for a burglar. This will also help 
demonstrate that the house is frequently occupied.  

The participant will be instructed to move into the back garden 

Once a burglar has gained entrance to the rear of a property (if it has one like this house)  they 
would likely start by checking the shed for any expensive tools or equipment. These would be a fairly 
risk-free things to steal, as the burglar would not actually have to enter the house to commit the 
crime. Many burglars now are just targeting outhouses like this so be super careful what you leave 
here.  

The participant will be instructed to move to the top floor.  

Once inside the house, they would typically start at the top, and work their way down. This would 
allow a burglar to check for occupants throughout the house to be sure they are alone, and would 
also mean an easier exit at the end of their burglary. The participant will be instructed to move to the 
middle floor. Burglars prefer to steal small, easy to conceal items like Money, Jewellery, important 
documents or small easy to conceal items. Keys may often be targeted, either to use a car as a 
getaway vehicle or to gain easier entry into the house Burglars would focus most of their attention 
on bedrooms and upstairs office areas, as this is where they are most likely to find their desired 
items. . They would also do a quick sweep of the living room/downstairs study areas at the end.  

Hiding items more carefully in these rooms would be one possible preventative measure, but 
burglars are also quite good at finding items hidden in bedside tables, wardrobes and drawers. The 
best method of hiding your items would be to conceal them in areas that burglars normally don’t 
look, such as bathrooms child’s bedrooms, or less accessible areas such as an attic if you are going 
away. Burglars do not typically enter these areas during a crime.  

Your goal should be to increase a burglar’s time spent in the house, or disrupt their usual patterns of 
navigation.  

Once a burglar has completed their crime, they would normally exit via the backgate, to reduce their 
chances of being seen.  

The participant would be instructed to head to the bottom floor and leave via the backgate.  
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Appendix D: Training Instructions for the Webpage Conditions (Study 3+4) 

 

Crime Prevention: Securing your home 

 

Watching out for trouble  

One of a burglar’s primary concerns is how visible they are. Could there 
be anyone watching who could see them complete the burglary? This is 
one of the first things a burglar would check for upon arriving at a 
property.  

The dangers of End of Terrace and Rear Access 

Burglars prefer to enter properties via the back of a house, as there is 
less chance of being seen. Back alleys are particularly great for a 
burglar, as they provide them with an easy way to access the rear of a 
property, whilst also offering relatively high levels of cover. 
 
End of terrace houses provide more routes to access the property, and 
more routes to escape the property. Compared to middle houses, there 
is also less chance of being seen from neighbouring properties.  

A great way of decreasing risk at your properties would be to reduce the 
amount of cover and increase physical security at the entrances to your 
properties. This is particularly relevant if you live on an end of terrace 
house, or have rear access to your property. Things like installing motion 
activated lights in alleyways and at backdoors, or fitting back gates with 
tough locks and bolts can significantly increase burglary deterrence; 
burglars prefer not to deal with such security devices. Make sure to lock 
all windows and doors when not present in the property.  

Alarms 

Alarms can be effective if used in addition to other security devices, but 
can increase your risk if used alone. They simply attract the burglar’s 
attention and are rarely a deterrent as nobody often responds to them; if 
they are linked to a monitoring station there is rarely a response in the 
time it takes to burgle the property (around 8 minutes). 
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Signs of Wealth  

Any factor that could infer high wealth would be very attractive to a 
burglar. Houses with better décor, visible value items, more 
maintenance or more mature/ landscaped gardens. Expensive looking 
cars or bikes are really good clues for a burglar that a property may 
contain many valuable items. Hiding visible valuable items (both inside 
and outside) can also help reduce these indicators of wealth. 

 

Unoccupied Houses  

Burglars prefer a house to be unoccupied and certainly don’t want to 
meet their victims; they are likely to abandon the burglary if it turns out to 
be occupied. When you leave your property on a daily basis and 
especially if you are away for a few days, then systems like time 
activated internal lights or radios can help fake occupancy. Also having a 
trusted friend or relative come into your house to remove any junk mail 
or simply act a presence in your house can help fake occupancy.  

 

Garden/ Landscaping 

Tidying up gardens and shrubbery, improves visibility and creates the 
illusion of an occupied home. Make sure to trim any hedges or dense 
vegetation to reduce cover for a burglar.  

Once a burglar has gained entrance to the rear of a property (assuming 
it has one), they would likely start by checking the shed for any 
expensive tools or equipment. This would be a relatively risk free 
endeavor, as the burglar would not actually have to enter the house to 
commit the crime. Many burglars are now only targeting sheds and 
outhouses, so be careful what is left here. Secure all bikes and valuable 
equipment with locks and chains, and make sure to use sturdy locks on 
the front of the shed.  

Know the route  

 Burglars often follow similar patterns when canvassing a house. 
Once inside the house, they would typically start at the top, and 
work their way down. This would allow a burglar to check for 
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occupants throughout the house to be sure they are alone, and 
would also mean an easier exit at the end of their burglary.  
 

 Burglars prefer to steal small, easy to conceal items like Money, 
Jewellery, important documents or small easy to conceal items. 

  Keys may often be targeted, either to use a car as a getaway 
vehicle or to gain easier entry into the house 
 

  Burglars would focus most of their attention on bedrooms and 
upstairs office areas, as this is where they are most likely to find 
their desired items.They would also do a quick sweep of the living 
room/downstairs study areas at the end.  
 

 Hiding items more carefully in these rooms would be one possible 
preventative measure, but burglars are also quite good at finding 
items hidden in bedside tables, wardrobes and drawers. The best 
method of hiding your items would be to conceal them in areas 
that burglars normally don’t look, such as bathrooms’ child’s 
bedrooms, or less accessible areas such as an attic if you are 
going away. Burglars do not typically enter these areas during a 
crime.  
 

 Your goal should be to increase a burglar’s time spent in the 
house, or disrupt their usual patterns of navigation.  
 

 Once a burglar has completed their crime, they would normally exit 
via the back gate, to reduce their chances of being seen.  
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Appendix E: Fear of Crime questionnaire (Study 4) 

 
Fear of burglary Questionnaire 

based on Jackson (2005) Validating new measures of the fear of crime. International Journal of Social Research 
Methodology, 8(4), 297-315. 

 

1. Using the scale in front of you, please report your general (current) levels of worry relating 
to being burgled 
 
a) While you are away from your property. 
 

Not at all 
concerned 

about  
being 

burgled 
1 

 
 
 
 
 

2 

 
 
 
 
 

3 

 
 
 
 
 

4 

 
 
 
 
 

5 

 
 
 
 
 

6 

 
 
 
 
 

7 

 
 
 
 
 

 8 

 
 
 
 
 

9 

Very 
concerned 

about being 
burgled 

 
10 

 
 
b) Whilst you are inside your property.  

Not at all 
concerned 

about 
being 

burgled 
1 

 
 
 
 
 

2 

 
 
 
 
 

3 

 
 
 
 
 

4 

 
 
 
 
 

5 

 
 
 
 
 

6 

 
 
 
 
 

7 

 
 
 
 
 

8 

 
 
 
 
 

9 

Very 
concerned 

about being 
burgled 

 
10 

 

 

2. How likely do you think it is that the following will happen to you in the next 12 months? 
 
 
a) Have someone attempt to break into your home while you are away from your property? 

Definitely 
not going 
to happen  

1 

 
 
 

2 

 
 
 

3 

 
 
 

4 

 
 
 

5 

 
 
 

6 

Certain to 
happen 

 
7 
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b) Have someone break into your home while you are inside your property? 

Definitely 
not going 
to happen  

1 

 
 
 

2 

 
 
 

3 

 
 
 

4 

 
 
 

5 

 
 
 

6 

Certain to 
happen 

 
7 

 

3. To what extent do you feel able to control your risk of burglary victimisation?  

Not at all 
 
 

1 

 
 
 

2 

 
 
 

3 

 
 
 

4 

 
 
 

5 

 
 
 

6 

To a very 
great 

extent  
7 

 

 

4. To what extent do you think being burgled would affect your everyday life 

Not at all 
 
 

1 

 
 
 

2 

 
 
 

3 

 
 
 

4 

 
 
 

5 

 
 
 

6 

To a very 
great 

extent  
7 
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Appendix F: UPR16 Form 

 

 


