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Abstract

The framework of random utility maximization (RUM) theory combines the advantages of prior approaches that have been used in the study of target location choice by offenders, but lacks their disadvantages. In this paper, the RUM framework is applied to burglary. We argue that burglars are attracted to target areas that are characterized by affluence, lack of guardianship, and accessibility to the burglar. In addition, we suggest that some of these criteria are more important for some types of burglars than for others. The hypotheses are tested on data that apply to 269 burglars who made 548 burglary trips between and within 89 residential neighborhoods in the city of The Hague, the Netherlands. Promising extensions of the RUM approach to burglary are discussed, as well as possible applications to location choice in other types of offenses. 

1. Introduction

The problem of criminal location choice is a classical one in criminology. It pertains to the descriptive question of where offenders commit their offenses, and to the explanatory question of why they commit their offenses there, instead of elsewhere. Much contemporary work on criminal location choice, in particular the development, diffusion and widespread use of GIS technology to map crime (Ratcliffe, 2002), emphasizes the descriptive part of the problem. This paper, in contrast, introduces a new methodology to help us answer the explanatory question of why offenders attack at the places they do. 

In the literature that deals with the problem of explaining criminal location choice, several approaches have been applied, each with its own strengths and weaknesses. The aim of this paper is to combine the strengths of prior approaches by introducing the framework of random utility maximization (RUM) theory to this field of study. The framework of RUM theory integrates previous findings regarding criminal location choice. In addition, it offers a solid theoretical foundation by providing a behavioral model of choice. As a matter of fact, it is surprising that the RUM framework has not been used before in the study of criminal location choice, as it has been introduced already some thirty years ago by McFadden (1973), and has been applied quite frequently to problems of non-criminal location choice, e.g. to questions on how consumers decide on where to live, where to recreate and where to shop and on how firms decide on where to locate.

The remainder of this paper is organized as follows. In section 2 we present an overview of earlier approaches to the study of criminal location choice. Section 3 starts by briefly introducing the framework of RUM theory and its statistical cousin, the conditional logit model. Subsequently, in section 4, the abstract RUM framework is given flesh and bones by applying it to the question of how residential burglars select their targets areas. Our empirical application uses police records on residential burglars living in the city of The Hague, the Netherlands. Section 5 addresses the data we used and the analytical strategy we followed. The results are presented in section 6. The paper concludes with a discussion of the potential of the RUM framework for studying criminal location choice.

2. Prior Approaches to the Study of Criminal Location Choice

In the criminological literature, several lines of investigation can be distinguished that are relevant to the analysis of criminal location choice. We distinguish between three general approaches: an offender-based approach that emphasizes mobility constraints of offenders, a location-based approach that focuses on characteristics that affect the attractiveness of targets to offenders, and an approach that uses gravity models and spatial choice models to analyze the numbers of offenders making crime trips from specific departure (home) locations to specific destination (crime site) locations.

2.1. Offender-based Approach: Distance Decay Studies

One line of investigation comprises of studies that analyze the length of journeys to crime (Turner, 1969; Capone and Nichols, 1975; Rengert, 1975; Phillips, 1980; Rhodes and Conly, 1981; Gabor and Gottheil, 1984; Hesseling, 1992; Van Koppen and De Keijser, 1997; Van Koppen and Jansen, 1998). Typically, these studies take as their dependent variable the distance between the offender’s home and the location of the offense. Commonly, it is found that the likelihood of an offender choosing a particular target decreases with the distance of the target from his home (referred to as the distance decay pattern), that property offenders on average commit their offenses further from home than those who commit non-property offenses (Rhodes and Conly, 1981; Hesseling, 1992), and that juvenile offenders attack closer to home than adult offenders do (Baldwin and Bottoms, 1976, pp. 78-98; Phillips, 1980; Rhodes and Conly, 1981; Gabor and Gottheil, 1984). In terms of location choice, these studies suggest that distance is an important criterion for offenders when they choose a target or a target area, and that the mobility constraint is more important for specific types of offenders. In addition, some of the studies referenced above (Baldwin and Bottoms, 1976, pp. 78-98; Capone and Nichols, 1975) reveal that the length of a property offender’s journey-to-crime increases with the value of the proceeds, suggesting that the offenders in some way weight the prospected profitability of the offense with the effort and risk of traveling into distant and unfamiliar areas. However, empirical journey-to-crime studies do not typically shed much light on the question of how distance, as a criterion for location choice, relates to other potential selection criteria. Consequently, they provide only limited evidence on how offenders select their targets. This is because they are not based on models of (spatial) choice. 

Furthermore, a journey-to-crime analysis typically uses only information on targets that were actually chosen, and therefore the analysis cannot establish in which ways the chosen target differs from the targets that could have been chosen but were forsaken. Ignoring the locations of alternative potential targets is equivalent to assuming that all potential targets are randomly distributed in space. For most offenses, this assumption is far too rigid, as residential units, commercial banks, parked automobiles, shops, humans and many other potential targets tend to display spatial clustering. 

If we are interested in formulating and testing a theory of location choice, then the analysis should include targets that were attacked as well as potential targets that were not. In such an analysis of choice, distance is not the dependent variable, but part of the explanation of the offender’s choice (Kleemans, 1996, p. 95).

2.2. Location-based Approach: Effects of Characteristics of Potential Targets 

A second line of investigation, a very comprehensive one indeed, consists of studies that relate victimization rates of individuals, households, objects (e.g. commercial banks, cars, residential units) or spatial entities (e.g. neighborhoods, census tracts, cities) to characteristics that are expected to have an impact on their attractiveness to offenders. Typically, these studies use either police recorded crime rates or crime victimization data from population surveys. A non-representative sample of references, some of which study delinquency rates in addition to crime rates, includes Boggs (1965), Sampson and Wooldredge (1987), Smith and Jarjoura (1988), Sampson and Groves (1989), Miethe and McDowall (1993), Rountree, Land and Miethe (1994), Rountree and Land (2000), Wittebrood (2000), Hakim, Rengert and Shachmurove (2001), and Velez (2001).

From the viewpoint of the location choice problem, these studies include actual as well as potential targets, as they compare objects that have low or zero victimization rates to objects with high rates. Their results allow us to draw conclusions on the relative importance of target attributes as criteria for the offender’s choice.

The studies that fall under the heading of the location-based approach, however, do not use information on who the offenders are and where they live. In other words, when comparative studies of victimization rates are used to draw conclusions on how offenders choose their targets, it is implicitly assumed either that the spatial distribution of burglars’ home addresses is random, or that distance does not constitute a serious constraint at all for offenders. Both assumptions are untenable. The first assumption is untenable because since Shaw and McKay’s (1942) work on the spatial distribution of juvenile delinquency, it has consistently been found in numerous empirical studies that the homes of offenders  cluster in deprived neighborhoods. In many cities deprived neighborhoods are located in transition zones around the central business district. The second assumption is questionable because the phenomenon of distance decay has consistently been shown to apply to criminal behavior (see the literature referenced in section 2.1 above, the discussion of the offender-based approach).

2.3. Gravity Models and Spatial Choice Models: Origin-Destination Flow Studies

Recognizing that both the offender-based and the location-based approach, when applied separately, cannot effectively answer questions on the relative roles of distance and other target attributes in criminal location choice, some scholars have turned to methods that were originally developed in geography. These methods use aggregated journey-to-crime data, and analyze as the dependent variable the number of crime trips between pairs of locations, i.e. trips from each potential offender home area to each potential target area. Two very similar models have been suggested in the criminological literature. The first model is the so-called gravity model of spatial interaction. The gravity models attempts to explain the ‘flow of offenders’ between pairs of locations in terms of adapted versions of Newton’s law of gravity, according to which the attraction between two bodies is proportional to the product of their masses divided by their squared distance. In the study of criminal location choice, the ‘masses’ are defined in terms of factors that facilitate delinquency in departure locations and factors that increase the attractiveness to offenders of destination locations. The gravity model has been used to analyze the location choice of offenders in general (Smith, 1976) and of residential burglars in particular (Kleemans, 1996). 

The spatial choice model (Cesario, 1975) is a similar model, but is better able to capture substitution effects of alternative destinations. In this model, the likelihood of an offender to travel to a specific destination is not only related to attributes of the destination, but also to attributes of alternative destinations. An application of the spatial choice model to criminal location choice, and in fact the only one that we are aware of, is Rengert’s (1981) attempt to add the concept of accessibility (i.e. distance) to Boggs’ (1965) opportunity structure model of criminal activity. 

Both the gravity model and the spatial choice model allow us to simultaneously evaluate the roles of distance and other choice criteria in criminal location choice. However, their disadvantage is that they are aggregate models, and do not offer the opportunity of taking into account the effect of offenders’ individual characteristics on location choice.

All three approaches discussed above have relevance for the problem of criminal location choice, but each of them has some shortcomings when it comes to testing theories. The offender-based approach takes into account the relevance of mobility constraints and is able to differentiate among offenders, but ignores other choice criteria than distance and also ignores the (spatial) distribution of alternative potential targets. The location-based approach takes into account other criteria than distance and does not ignore the (spatial) distribution of alternative potential targets, but ignores mobility constraints and differences across offenders. The gravity and spatial choice models simultaneously consider distance and other choice criteria, but cannot differentiate between offenders. The RUM approach that we will address in the next section combines the advantages of the prior approaches, but lacks their shortcomings.

3. The Random Utility Maximization Framework

The RUM framework is a general micro-economic framework of qualitative (discrete) choice behavior. It can be traced back to Thurstone’s (1927) law of comparative judgment, Marschak (1959) and Luce (1959), but its further econometric development and its introduction into mainstream applied economic analyses are due to 2000 Nobel laureate McFadden (1973), who extensively used it in his studies of urban travel demand. The framework itself and its close statistical cousin, the conditional logit model, have been applied in many fields and to a wide variety of discrete choice problems, including problems of location choice. As far as we know, however, it has so far not been applied to the location choice of offenders in criminology, although it incorporates all the features that are of theoretical importance.

The starting point of the random utility maximization framework is an actor who is faced with a choice amongst of number of
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discrete alternatives, of which he must choose only one. The actor is supposed to evaluate the utility (net gain, profits, satisfaction) that he would derive from choosing each alternative, and the utility derived by actor 
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where
[image: image5.wmf]ij

z

is a set of attributes that varies across choices and possibly across individuals as well,
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is a vector of coefficients to be estimated empirically, and
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is an error term that contains unmeasured aspects of the utility that actor 
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term represents ignorance on the part of the researcher, not on the part of the individual. 

Assuming that actors are rational and choose the alternative from which they derive most utility, the probability that actor 
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are independent and identically distributed according to a Weibull distribution, then the conditional logit model specifies that the probability of actor 
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The values 
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can be interpreted as multiplicative effects of a unit increase in some attribute of a potential target on its probability of being chosen by the offender. For example, if 
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represents the distance in kilometers between a potential target and the offender’s home, and if 
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, then the probability of the target being attacked by the offender inflates by a factor 
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 for every kilometer farther away it is located from the offender’s home base.

4. A Burglary Location Choice RUM model

In order for the abstract framework of RUM theory to be of use, it must be supported by a substantive theory. In the case of residential burglary, such a theory must define what the relevant set of alternatives is that burglars choose from, and must postulate which criteria they use when they make a choice. In addition, the theory might also postulate that specific attributes of burglars are related to the importance or salience of the choice criteria they use. 

A theory of burglary location choice must address the issue of defining the relevant set of alternatives. Several authors (Brantingham and Brantingham, 1978; Brown and Altman, 1981; Cornish and Clarke, 1996, Kleemans, 1996, p. 52-53) argue that motivated burglars follow a spatially structured, sequential and hierarchical decision process when selecting their targets. In the first stage they select a suitable area from the areas that form their awareness space, and only in the second stage they select a suitable object. This sequential process implies that it makes sense to study the location choice of burglars in terms of a discrete choice amongst a limited number of neighborhoods. 

Having defined the set of alternatives, a subsequent question is which features of neighborhoods make them more likely to be chosen by the average burglar as his working site. Thus, we examine the considerations that a motivated burglar makes if he is to choose a target location.

4.1. Relevant Choice Criteria for Burglars

Based on the famous ‘routine activities’ statement that the necessary minimal requirement for an (direct-contact, predatory) offense to occur is the convergence in place and time of a motivated offender, a suitable target and the absence of capable guardians against violation (Cohen and Felson, 1979), a number of general criteria can be distinguished that motivated burglars use when they compare the features of alternative target neighborhoods for burglary. 

The first criterion is simply the number of residential units located in the potential target neighborhood. Although the number of burgled dwellings per crime trip is typically limited to one or at most a few, neighborhoods that contain many potential targets provide better opportunities for selecting a suitable target than neighborhood in which the number of residential units is small. Thus, we postulate 

Hypothesis 1: The larger the number of residential units in a neighborhood, the larger the probability that a motivated offender will select the neighborhood for burglary.

The second criterion is the affluence of a neighborhood in terms of prospective profitability of a burglary if it is successful. Affluence also refers to the ‘suitable target’ element in the above statement. Because burglars are primarily driven by material profit Reppetto, 1974; Maguire and Bennet, 1982; Bennet and Wright, 1984; Rengert and Wasilchick, 1985) they prefer affluent neighborhoods to poor ones because the expected proceeds of the offence tend to be larger in the former. Residential units generally have visible cues that signal their value and thus the prosperity of their occupants. Thus, we formulate

Hypothesis 2b:  The higher the neighborhood’s average residential real estate value, the larger is the probability that a motivated offender will select it for burglary.

Hypothesis 2b: The higher the percentage of home ownership in the neighborhood, the larger is the probability that a motivated offender will select it for burglary.

The third criterion is the expected likelihood of a successful completion of a burglary attempt. This criterion refers to the ‘absence of capable guardians against violation’ element in the routine activities formulation. Brown and Altman (1981) suggest that burglars prefer neighborhoods characterized by unstable and non-cohesive social structures because the anonymity amongst residents in such neighborhoods implies a lower level of ‘territoriality’. According to this argument, residents of neighborhoods that lack stability and social cohesion are less likely to identify strangers as strangers, less likely to be alarmed by suspect situations, and even if they are alarmed, will be less eager to intervene in order to protect their neighbors’ properties against attacks by intruders. 

Ethnographic research on burglars (Bennet and Wright, 1984; Rengert and Wasilchick, 1985; Taylor and Nee, 1988; Cromwell, Olson and Avary, 1991; Wright and Decker, 1994; Nee and Taylor, 2000) provides some support for these claims, although it should be noted that the focus in most of these studies is on the level of guardianship of individual residential units than on guardianship of larger entities like neighborhoods. 

Two core variables that are traditionally associated with lack of social cohesion and lack of stability are residential mobility and ethnic heterogeneity (Sampson and Groves, 1987). Both variables appear to capture quite well the increased likelihood of successful burglary in anonymous environments, because both high residential mobility and high levels of ethnic heterogeneity are conditions that provide relatively few opportunities for neighborhood residents to get to know each other and integrate
. 

Thus, with respect to the postulated effect of lack of guardianship and its effects on the likelihood of successful completion of burglary,  the following hypotheses are formulated:

Hypothesis 3a: The higher the level of residential mobility, the larger is the probability that a motivated offender will select it for burglary.

Hypothesis 3b:  The higher the neighborhood’s level of ethnic heterogeneity, the larger is the probability that a motivated offender will select it for burglary.

The fourth criterion is the accessibility of a neighborhood to burglars. According to ethnographic and theoretical studies, burglars prefer familiar neighborhoods to neighborhoods that they do not know because in familiar neighborhoods they are better able to move around without being viewed as ‘strangers’ (Brown and Altman, 1981; Rengert and Wasilchick, 1985). Furthermore, familiar areas provide advantages because burglars have better knowledge of the physical infrastructure (e.g. knowledge of escape routes) and of the inhabitants and their routines (Brantingham & Brantingham, 1981). In addition, burgling in remote and unfamiliar areas requires more time and effort than burgling in nearby areas. Thus, in line with the results of the studies discussed in section 2.1, neighborhoods nearby the home of the burglar are more likely to be chosen than distant ones. So, we postulate

Hypothesis 4a: The greater the proximity of a neighborhood to the home of a motivated burglar, the larger is the probability he or she will select it for burglary. 

As the central business district is generally, because of its concentration of public facilities and services, a part of the city that is known to many residents, the familiarity argument applies to the CBD as well: for the average burglar, it is a more familiar environment than many other areas of the city. Therefore, we formulate the additional hypothesis that postulates that a neighborhood’s proximity to the CBD is a factor that attracts burglars as well:

Hypothesis 4b: The greater the proximity of a neighborhood to the central business district, the larger is the probability that a motivated offender will select it for burglary.

4.2. Differences Between Burglars

In addition to the enumeration of relevant choice criteria, which are assumed to be equally applicable to all burglars, we will now put forward arguments in favor of the idea that the importance of certain choice criteria depends on attributes of the burglars themselves. In other words, we suggest that some neighborhood attributes are more relevant for some groups of burglars than for others. In particular, we distinguish between minor and adult burglars, and between native and non-native burglars. 

Although burglary in general has been characterized as an offense driven by the material needs and as an offense that involves substantial planning and preparation, ethnographic studies have found that this general image applies less to juvenile burglars than it does to adult burglars (e.g. Bennet and Wright, 1994). For example, besides the need for money other needs, such as sensation seeking and loyalty to peers, appear to play a role in the motivation of young burglars. In addition, the burglaries committed by juvenile offenders tend to be more impulsive than those of adults. Of particular relevance is the argument that minors tend to be more constrained in their mobility than adults, and consequently have a smaller awareness space, because they are less likely to have an automobile or other flexible motorized vehicle available to transport them across longer distances. Several studies indicate that indeed young offenders make shorter crime trips than older offenders Baldwin and Bottoms, 1976, pp. 78-98; Phillips, 1980; Rhodes and Conly, 1981; Gabor and Gottheil, 1984). Therefore, we postulate

Hypothesis 5: The effect of proximity of a neighborhood to the home of a motivated burglar is stronger for juvenile burglars than for adult burglars.

We further expect that ethnic heterogeneity is a more important criterion for non-native burglars than for native burglars, at least for those non-native burglars who can easily be identified by their complexion as being non-native. This hypothesis is based on the presumption that a native burglar who enters unfamiliar neighborhoods is less easily identified by the local residents to be a outsider than a non-native burglar, simply because non-natives have ‘outstanding looks’ in more neighborhoods than natives do (natives form a substantial proportion of the population in all neighborhoods, even in ethnically heterogeneous neighborhoods, while non-natives are minorities except in the most heterogeneous neighborhoods). Because the likelihood of being identified as an outsider decreases a burglar’s chances of successfully completing a burglary, we hypothesize that non-natives have a greater stake in choosing neighborhoods characterized by ethnic heterogeneity than natives do. Accordingly, the effect of ethnic heterogeneity is hypothesized to be larger for non-native than for native burglars. 

Hypothesis 6: The effect of a neighborhood’s ethnic heterogeneity is stronger for motivated burglars who are non-native than for those who are native.

4.3. Formalization

The formulated set of hypotheses on the burglar’s utility arguments can be substituted into the utility function: 
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where 
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is the number of residential units in the neighborhood, 
[image: image27.wmf]j

E

 is the neighborhood’s ethnic heterogeneity,
[image: image28.wmf]j

R

 is its residential mobility, 
[image: image29.wmf]j

V

 is the neighborhood’s average value of residential real estate, 
[image: image30.wmf]j

H

 is its proportion of owner-occupied housing, 
[image: image31.wmf]j

C

is its proximity to the CBD, and 
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 is the proximity of the burglar’s home to the neighborhood. Note that the proximity to each neighborhood is different for each individual burglar (so that 
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parameters and testing whether they are (significantly) higher than zero. 

In order to formalize the hypotheses specifying differences between minor and adult burglars and between native and non-native burglars, terms for interactions between neighborhood attributes and burglar attributes are to be inserted into the utility function: 
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where
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M

is a variable with value 1 if the burglar is a minor and 0 if he or she is adult, 
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 is an inversely coded variable with value 1 if the burglar is a adult and with value 0 if he or she is a minor,
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is a variable with value 1 if the burglar is native and the value 0 is he or she is native, 
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 with regard to the postulated differential effect of ethnic heterogeneity for native and non-native (‘foreign’) burglars. 

5. Data and Analytical Strategy

5.1. Geographical Domain and Case Selection

To test the formulated hypotheses, data are used that pertain to all single-person burglaries committed by burglars living in the city of The Hague, the Netherlands in the years 1996 - 2000. With a population of about 440,000, The Hague is a large city according to Dutch standards. The Hague comprises of 89 residential neighborhoods. The average neighborhood has a surface of 0.65 square kilometers, is the home to 4950 residents and contains 2350 residential units.

The data on the burglaries were obtained from the Haaglanden (greater The Hague area) police force. The police register all (attempted or completed) burglaries that are officially brought to their attention by victims, by bystanders or by police officers themselves. The information system contains information on both burglar’s personal characteristics (their sex, age, address, etcetera) and characteristics of the burglary committed, including the address where the burglary took place.

Table 1 presents an overview of the case selection procedure. From police records all residents of The Hague were selected who had been arrested at least once for committing a residential burglary, anywhere in the Netherlands, during the years 1996-2001. Data on all residential burglaries committed in that period were collected for each of the burglars. Cases were removed if either the address of the burglar or the address where the burglary took place was unknown or not recorded by the police. Burglaries committed outside the city of The Hague (about 10 percent) were removed as well.
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Finally, all multiple-offender burglaries (i.e. burglaries that were committed by a pair or a group of or cooperating offenders) were removed because our theoretical model remains silent on how target selection in groups takes place, and because the theory does not specify how individual attributes like age, ethnicity and distance give rise to relevant aggregated group attributes. Furthermore, analyzing multiple-person burglaries as if they are single-person burglaries would seriously violate the assumption of independence between observations, not only because of the likelihood of offender group homogeneity with respect to unmeasured attributes, but more importantly because the outcome of the target selection process is essentially and by definition the same for all group members. Accordingly, only single-offender burglaries were selected for the analysis.

In sum, we analyzed 548 single-offender burglaries in the period 1996-2000 in the city of The Hague, committed by 269 burglars who were living in The Hague at the time of the burglary. Thus, within the six-year observation period the average burglar was arrested twice for residential burglary. 

5.2. Neighborhood Characteristics

Our measures of ethnic heterogeneity, residential mobility, real estate value of residential units and percentage of owner-occupied residential units all were taken from a statistical publication of the municipality of The Hague (DSO, 2001). Descriptive statistics of the relevant neighborhood characteristics are given in Table 2. The correlations between these measures are presented in Table 3.

The measure of ethnic heterogeneity was constructed from data on the ethnic composition of neighborhoods. Ethnicity is defined on the basis of country of birth of the person and his or her parents, such that a person’s origin was coded in a non-native category of he or she was born abroad or if at least one of his or her parents was born abroad. The data allowed us to distinguish between groups having their origin in The Netherlands (native category, including origin in other West-European countries), Surinam, the Dutch Antilles, Turkey and Morocco.  The measure of ethnic heterogeneity we use is an index for qualitative variation (Agresti and Agresti, 1978). In the present context, the index represents the likelihood that two randomly selected members of a neighborhood are of different ethnic origin

Residential mobility was calculated as the sum of the relative annual number of residents who moved out of the neighborhood and the relative annual number who moved into the neighborhood. This measure was calculated for each of the years 1996-1999 separately (no mobility data were available for 2000-2001), and then averaged for use in the analysis.

The average real estate value of residential units was based on the real estate tax administration of the municipality of The Hague. The value assessment applies to all residential units, either rented or owned, and the assessment procedure is the same for both types. Our data contain, for each neighborhood, the average assessed value of residential units in 1993 and in 1999. The average real estate values in all neighborhoods have increased between 1993 and 1999, but in some neighborhoods they have increased more than in others. In order to obtain an estimated value for all years, we assumed a linear trend in real estate value within neighborhoods, and imputed the values for the years 1996-1998 and for 2000-2001 accordingly. In the analysis, the data of the separate years were averaged. 
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Home ownership rates were also established using the real estate tax registration. In the analysis, home ownership refers to the proportion of residential units that are owned by the persons or households who live there. The proportion was calculated for each year separately. In the analysis, we use the average proportion over the period 1996-2001.

5.3. Burglar Characteristics

The age of the burglar is measured with respect to the date of the offense. In the analyses a distinction is made between minors (under 21 years of age) and adults (21 years and above). Of the 548 burglaries, 95 (17.3 percent) were committed by offenders who were below the age of 21 at the time of the burglary and 453 (82.7 percent) were adults. 

The ethnic origin of the burglar is measured on the basis of his country of birth. If the burglar was born in the Netherlands, he is taken to be native Dutch. In all other cases he is referred to the non-native group. Admittedly, this operationalization is not optimal from a theoretical point of view, because it assigns (second-generation) members of ethnic minority groups who are born in The Netherlands to the native group, although many of them are typically identified by the general public as ‘non-natives’ by their looks. The burglar sample consists of 149 (55.4 percent) natives and 120 (44.6 percent) non-natives. Because natives and non-natives committed about the same number of burglaries on average, these percentages are virtually the same if we base them on burglaries rather than on burglars.

5.4. Proximity Measures

Our data contain two spatial proximity measures. The first, actually a neighborhood characteristic, is the proximity of a neighborhood to the central business district of the city of The Hague. The second is a characteristic of the combination of a burglar and a neighborhood, and is the proximity of the burglar’s neighborhood of residence to a potential burglary target neighborhood.

First, we defined a distance matrix defining the distances in kilometers between the centroids of all pairs of neighborhoods. Next, the proximity of neighborhoods to the central business district (CBD) was defined in terms of their distance to the central neighborhood called Zuidwal. This is the neighborhood that can be seen as the center of the CBD. It includes the city hall, a number of government offices, and a concentration of shops, restaurants and theatres. It is situated between the two main railways stations of The Hague. Using an approximation of the average distance between random points in a square (Gosh, 1951), the distance of the Zuidwal neighborhood to itself was defined as
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is the surface of Zuidwal in square kilometers.

The distances between the burglar’s neighborhood of residence and each of the potential target neighborhoods was defined analogously, including the adaptation that the distance was defined as 
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for the distance of a burglar’s home neighborhood to itself
.
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Analytical Strategy

The practical issue of estimating a conditional logit model boils down to creating a pseudo-dataset that contains, for every burglary, not only the chosen alternative (i.e. the neighborhood where the burglary took place), but also all other neighborhoods that could have been chosen but were not. Thus, for a single case of burglary the dataset contains 89 records: one for every residential neighborhood in The Hague. A separate indicator variable is constructed that contains the value 1 for the neighborhood that was actually chosen by the burglar, and the value 0 for the 88 other neighborhoods that were not chosen. This indicator variable is the dependent variable in the conditional logit estimation procedure.

Parameter estimation of the conditional logit model is performed with maximum likelihood methods, and is relatively straightforward (see, for example, Greene, 1993). Some care is required, however, in dealing with the fact that for some burglars, the data contain information on more than one burglary. Thus, the dataset has a hierarchical structure in which burglaries are nested within burglars. In general, analyzing burglaries as independent observations by ignoring this nested structure may yield estimated standard errors that are downwardly biased. In order to construct valid standard error estimates, we calculated so-called ‘robust standard errors’ according to the method proposed by White (1982). This method is able to produce estimates of standard errors that correct for the nested structure of the data
. These upwardly adjusted standard error estimates result in more conservative hypothesis tests. 

6. Results

This section presents the estimation results of the conditional logit models that correspond to equations (3) and (4). We will first present, in Table 4, the results of the model of equation (3). This is the model that describes the decision making of burglars under the assumption that all choice criteria are equally important for all burglars. Table 4 reports the exponentiated
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’s that represent the multiplicative factor by which the probability of a neighborhood being chosen by the burglar rises if the associated explanatory variable increases by one unit. Note that the hypotheses postulate that all effects are positive, implying
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6.1. Relevant Choice Criteria for Burglars

The estimates partly confirm the postulated hypotheses concerning the effects of neighborhood attributes. We first consider hypothesis 1 concerning the number of residential units in a neighborhood, a factor that represents the simple number of opportunities for burglary in a neighborhood. It ranges between 212 and 7476 in our data. When the number of residential units increases by 1000, the probability of the neighborhood being chosen rises by a factor 1.35. This confirms hypothesis 1, and the effect is substantial. For example, a neighborhood comprising of 7000 residential units is more than 8 times as likely to be chosen as neighborhood comprising of only 1000 units.

The evidence on the effects of neighborhood affluence are mixed. The effect of real estate value is in line with the hypothesis 2a. As the average residential real estate value of a neighborhood increases by value of € 10.000 it becomes 1.29 as likely to be chosen. According to the conservative standard error estimates, however, the significance level is a rather high 0.12. The percentage of owner occupied dwellings does not have the expected effect postulated in hypothesis 2b.

The estimates regarding the effects of neighborhood measures of instability and lack of social cohesion are mixed as well. In line with hypothesis 3b, neighborhood ethnic heterogeneity increases the probability of the neighborhood being targeted for burglary by a factor 1.11, so that as ethnic heterogeneity increases by 10 on its scale from 1 to 100, it becomes 1.11 as likely to be chosen. A neighborhood’s residential mobility, however, does not have an independent effect on probability of being chosen by burglar (hypothesis 3a).

With respect to the proximity measures, the results confirm that proximity to the burglar’s home (hypothesis 4a) has a positive effect. The probability of a neighborhood being chosen increases with a factor 1.68 for every kilometer it is located closer to the burglar’s home. However, the effect of proximity to the CBD is contrary to the expectation (hypothesis 4b), because we find that the probability of a neighborhood being chosen inflates by a factor 0.88 for every kilometer it is closer to the CBD. From additional analyses not reported here we learned that a neighborhood’s proximity to the CBD, when analyzed separately, is positively and significantly related to the probability of being chosen. However, due to the fact that the homes of burglars are heavily concentrated in and around the CBD, the net effect of proximity to the CBD changes sign when proximity to the burglar home is controlled for. Thus, given the fact that the homes of most burglars are located close to the CBD and given that they tend to travel short distances, burglars are more likely to travel outbound than inbound. The strong concentration of residential burglary in and around the The Hague CBD found in previous research (Bernasco and Luykx, 2002) thus appears to be generated primarily by the fact that so many burglars reside in the vicinity of this area, and not by an tendency of burglars to travel towards the CBD when they make crime trips. 
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Differences Between Burglars

In Table 5, we present the model that corresponds to equation (4). Equation (4) relaxes the assumption that the importance of choice criteria is equal for all burglars. In particular, it allows us to test whether proximity is a more important decision criterion for minor burglars than for adults, and whether neighborhood ethnic heterogeneity is a more important criterion for non-native than for native burglars. Because the estimated effects of the neighborhood attributes that are not postulated to vary across offenders are virtually the same in Table 4 as in Table 5, we will focus on the effects that are postulated to vary in strength across offender types.

For these two effects, neighborhood ethnic heterogeneity and proximity to the burglar’s home, Table 5 contains separate row entries for natives and non-natives and for adults and minors, respectively. In order to test the difference, an additional row entry contains the ratio (not the difference, because the effects are multiplicative) of the parameters of the contrasted groups. 

The effect of ethnic heterogeneity is positive for both natives and non-natives, and in line with hypothesis 6, it is larger for non-natives (1.21) than for natives (1.11). Thus, we conclude that this confirms that ethnic heterogeneity is more important choice criterion for non-natives than for natives, although the conclusion remains somewhat tentative due to the size of the p-value (0.109) of the effect ratio test.

The effect of proximity to the home of the burglar has again a substantial positive effect, and the effect is larger for minors (1.96) than for adults (1.62).  However, the difference provides only weak support for the hypothesis that proximity is a more important choice criterion for minor burglars than for adults, because the p-value of the ratio of the effects (0.25) is clearly above a reasonable level of significance. We should note, however, that the statistical power of this test is somewhat hampered by the fact that the minors comprise only 17 percent of the cases analyzed. 
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Discussion

Summarizing the results discussed above with reference to the RUM-based theoretical model, we come to the following substantive conclusions. First, we find evidence that supports our theoretical model. The probability of a neighborhood being selected for burglary by a motivated offender is positively influenced by the number of available targets, by its supposed lack of guardianship as indicated by ethnic heterogeneity, by its affluence as measured by the average residential real estate value, and by its proximity to where the burglar lives. We did, however, not find independent additional effects of the two alternative indicators of lack of guardianship (i.e. residential mobility) and of affluence (i.e. home ownership). This lack of support for the corresponding hypotheses does not appear to be due to the large positive correlations between ethnic heterogeneity and residential mobility (0.69) and between residential real estate value and home ownership (0.64), because the estimation results of unreported models from which the ethnic heterogeneity and real estate value variables were excluded, show only very weak (positive, but non-significant) effects of residential mobility and home ownership on location choice. A possible explanation for the lack of support is that residential mobility and home ownership may be attributes of neighborhoods that are difficult to observe for casual observers who are not familiar with the neighborhood. In contrast, ethnic heterogeneity and real estate value may provide better cues for lack of guardianship and affluence. The only finding that clearly contradicts our postulated model is the estimated effect of a neighborhood’s proximity to the CBD. Apparently, our argument that burglars are more likely to travel inbound than outbound when they make crime trips (because inbound neighborhoods are more familiar territory) does not hold.

We have argued that the framework of RUM theory is a useful tool for studying the location choice of offenders. The RUM approach overcomes some disadvantages of approaches used in prior research on location choice because it allows us to (1) take into account (the attributes) of alternative target locations, (2) simultaneously take into account travel distance and other attributes of potential targets, and (3) model individual differences in the strength of location choice criteria. The statistical model closely associated with the RUM framework, the conditional logit model, is tractable, relatively easy to estimate and to interpret. In addition, the RUM framework offers a solid theoretical model of choice. Thereby, it forces the analyst studying location choice to be explicit in postulating hypotheses.

Our example application of the RUM framework is relatively simple. The RUM framework, however, can easily be extended to study more complex questions regarding location choice of burglars. For example, it can be extended to the problem of how pairs and groups of burglars decide on where to attack, and in which ways the criteria they use differ from those used by burglars who work on their own. Further, the model can be used to study developmental patterns in location choice of burglars who offend more than once. We could for example establish whether over time changes take place in the role of affluence and distance in their decision process, postulating that, as burglars grow more experienced, the role of distance diminishes while the role of the affluence criterion becomes more important. Finally, the model could be extended to spatial-temporal choice problems by including daily or weekly variations in burglary opportunity in the choice set. In that case, the model could be adapted to reflect that burglars take into account the timing of routine activities of the occupants of their targets.

The RUM framework appears to be applicable to the location choice in a range of offenses larger than burglary alone. Each application to another type of offense, however, requires a new substantive theory to be substituted into the abstract RUM framework. Such a theory must define the choice set, postulate relevant choice criteria and may postulate differences between offenders in the importance of these choice criteria. For example, if the RUM framework is to be applied to commercial robbery, a substantive theory is required that enumerates all potential targets (e.g. retail businesses), and that postulates which target attributes are used as criteria (e.g. distance, expected value of the proceeds, presence of escape routes, presence of security measures, opening hours). 

There are also limits to the applicability of the RUM framework to the study of criminal location choice. As far as we are concerned, a major limitation is that it is based on the assumption of the existence of motivated offenders. In other words, it assumes that the decision to commit an offense and the decision where to commit it are independent. This is why we argued that every application of the RUM framework should be informed by a substantive theory that enumerates the set of alternatives open to the criminal decision maker. This set of alternatives does not include the alternative to refrain from offending altogether. Thus, the model is not applicable in situations where it is conceivable that individuals become offenders mainly because they live in neighborhoods that are optimally situated from an offender’s point of view, but would otherwise not become offenders. In addition, the framework of RUM theory applied to criminal location choice not only assumes independence between the decision to offend and the decision on where to offend, it also assumes that the decision on where to offend is independent from the choice of the specific type of offense. If, from the viewpoint of potential offenders, other types of offenses are close substitutes for the offense being studied (say, if they see burglary of non-residential units, shoplifting or robbery as close substitutes of residential burglary), then whether an individual becomes a shoplifter, a robber or a (residential) burglar might depend importantly on where he or she lives. In that case, the assumption of the existence of motivated residential burglars is violated, and the RUM framework as it presented here is not very well applicable. The strength of the RUM framework, however, is that it forces us to be explicit on these limits to the suitability of the model, while the distinction between motivation and location choice usually remain blurred or hidden in the approaches previously used to study criminal location choice.
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Table 1: Selection of Cases


�
burglarsa�
involvementsb�
burglariesc�
�
Arrested burglars living in The Hague�
671�
1573�
1169�
�
Burglaries at a known address�
666�
1551�
1153�
�
Burglaries in The Hague�
562�
1122�
824�
�
Single-offender burglaries�
269�
548�
548�
�
a	Total number of burglars involved in at least one burglary


b	Total number of involvements of burglars in burglaries (e.g. a burglar involved in three burglaries counts as 3).


c	Total number of burglaries (with one or more burglars involved)








Table 3: Correlations Between Neighborhood Variables (N=89)


Variable�
A�
B�
C�
D�
E�
F�
G�
�
Variables in the analysis�
�
�
�
�
�
�
�
�
 A. Proximity city center�
�
�
�
�
�
�
�
�
 B. Residential mobility �
 0.69*�
�
�
�
�
�
�
�
 C. Ethnic heterogeneity �
 0.60*�
 0.69*�
�
�
�
�
�
�
 D. Home ownership�
-0.15�
-0.37*�
-0.62*�
�
�
�
�
�
 E. Real estate value�
-0.11�
-0.26*�
-0.52*�
 0.64*�
�
�
�
�
 F. Residential units�
 0.07�
 0.12�
 0.27*�
-0.20�
-0.44*�
�
�
�
Background variables�
�
�
�
�
�
�
�
�
 G. Surface�
-0.44*�
-0.15�
-0.32*�
 0.01�
 0.27*�
0.05�
�
�
 H. Residents�
  0.11�
 0.18�
 0.37*�
-0.21*�
-0.42*�
0.96*�
0.07�
�
* p < .05, two-sided




















Table 5: Estimation Results of the Conditional Logit Model Corresponding to Equation (4). Unstandardized Multiplicative (Odds Ratio) Parameters, and P-values of the Test  � EMBED Equation.3  ��� Using Nesting-Adjusted Robust Standard Error Estimates.  Based on 548 Burglaries Committed by 269 Burglars in The Hague.


Symbol�
Variables (unit)�
� EMBED Equation.3  ����
p�
�
� EMBED Equation.3  ����
Residential units (1000) �
1.354�
0.000�
�
� EMBED Equation.3  ����
Residential mobility (10 %)�
0.988�
0.872�
�
� EMBED Equation.3  ����
Ethnic heterogeneity (10 %)	natives�
1.112�
0.085�
�
� EMBED Equation.3  ����
Ethnic heterogeneity (10 %)	non-natives�
1.214�
0.006�
�
� EMBED Equation.3  ����
Real estate value (€ 10.000)�
1.285�
0.115�
�
� EMBED Equation.3  ����
Home ownership (10 %)�
1.011�
0.795�
�
� EMBED Equation.3  ����
Proximity (kilometers)	adults�
1.617�
0.000�
�
� EMBED Equation.3  ����
Proximity (kilometers)	minors�
1.960�
0.000�
�
� EMBED Equation.3  ����
Proximity CBD (kilometers)�
0.879�
0.064�
�












Table 4: Estimation Results of the Conditional Logit Model Corresponding to Equation (3). Unstandardized Multiplicative (Odds Ratio) Parameters, and P-values of the Test  � EMBED Equation.3  ��� Using Nesting-Adjusted Robust Standard Error Estimates. Based on 548 Burglaries Committed by 269 Burglars in The Hague.  


Symbol�
Variables (unit)�
� EMBED Equation.3  ����
p�
�
� EMBED Equation.3  ����
Residential units (1000)�
1.354�
0.000�
�
� EMBED Equation.3  ����
Residential mobility (10 %)�
0.984�
0.830�
�
� EMBED Equation.3  ����
Ethnic heterogeneity (10 %)�
1.162�
0.012�
�
� EMBED Equation.3  ����
Real estate value (€ 10.000)�
1.286�
0.116�
�
� EMBED Equation.3  ����
Home ownership (10 %)�
1.013�
0.762�
�
� EMBED Equation.3  ����
Proximity (kilometers)�
1.676�
0.000�
�
� EMBED Equation.3  ����
Proximity CBD (kilometers)�
0.880�
0.068�
�
�


















Table 2: Mean, Standard Deviation, Minimum and Maximum Values of the Neighborhood Variables (N=89). Displayed Statistics are Averages for the Period 1996-2001.


Variabele�
Mean�
S.d.�
Min.�
Max.�
�
Variables in the analysis�
�
�
�
�
�
Distance to CBD (kilometers)�
  3.00�
 1.50�
 0.20�
 6.99�
�
 Residential mobility (%)�
36.92�
12.33�
13.45�
63.20�
�
 Ethnic heterogeneity (%)�
35.91�
22.44�
 1.83�
80.83�
�
 Home ownership (%)�
40.46�
24.89�
 0.33�
91.00�
�
 Residential real estate value · € 10.000�
 1.12�
 0,74�
 0.45�
 3.75�
�
 Number of residential units�
2380�
1462�
212�
7476�
�
Background variables�
�
�
�
�
�
 Surface (square kilometers)�
 0.65�
 0.50�
 0.14�
 3.12�
�
 Number of residents�
4952�
3278�
361�
15067�
�












( Netherlands Institute for the Study of Crime and Law Enforcement (NSCR), P.O. Box 792, NL-2300 AT Leiden, The Netherlands, email � HYPERLINK "mailto:bernasco@nscr.nl" ��bernasco@nscr.nl�. The Haaglanden Police Force provided the crime data used in this study. We acknowledge the contributions of Rieny Albers, Hanneke van Essen, Floor Luykx (NSCR), Astrid Patty and Peter Versteegh (Haaglanden Police Force) to the collection and processing of data.


� Sampson and Groves (1987) include low economic status and family disruption as well. We contend that these two structural variables are theoretically related to family cohesion and thereby to supervision of youth, while residential mobility and ethnic heterogeneity apply more directly to the neighborhood cohesion and thereby to the willingness to intervene in criminal acts on behalf of neighbors. Thus, in contrast to delinquency studies, our focus is on the role of social cohesion in the situational prevention of crime, irrespective of whether the offenders come from the local neighborhood or from elsewhere.


� We also estimated models with non-linear distance discounting. Non-linear distance accounting may be defended on several grounds, including the likelihood of travel mode changes (from walking to bicycle or car or public transport) at certain threshold distances. We applied four alternative proximity measures, all based on distance, in the analysis. The first, and the one reported, is simply negative linear distance (� EMBED Equation.3  ���), the second is inverse distance (� EMBED Equation.3  ���), the third is inverse squared distance (� EMBED Equation.3  ���), and the fourth is the negative logarithm of distance (� EMBED Equation.3  ���).  Empirically, we did not find large substantial differences between the outcomes of models with alternative specifications. 


� The estimate is known as the White/Huber estimate (referring to the authors who independently developed it), as the ‘sandwich’ estimate (referring to its mathematical form) and as the robust estimate (referring to claims made about it) of the standard error. A short but illuminating discussion of the relation between robust estimates and conventional estimates of standard errors is given in StataCorp (2001, pp. 254-258). 
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