
The author(s) shown below used Federal funding provided by the U.S. 
Department of Justice to prepare the following resource: 

Document Title: Crime, Place, and Networks in the Age of 
the Internet: The Case of Online-Promoted 
Illicit Massage Businesses 

Author(s): Ieke de Vries 

Document Number:  309485 

Date Received:  September 2024 

Award Number: 2018-R2-CX-0005 

This resource has not been published by the U.S. Department of 
Justice. This resource is being made publicly available through the 
Office of Justice Programs’ National Criminal Justice Reference 
Service. 

Opinions or points of view expressed are those of the author(s) and 
do not necessarily reflect the official position or policies of the U.S. 
Department of Justice.



CRIME, PLACE, AND NETWORKS IN THE AGE OF THE INTERNET:  

THE CASE OF ONLINE-PROMOTED ILLICIT MASSAGE BUSINESSES 

 

 

 

A dissertation presented  

By  

Ieke de Vries  

to 

 

 

 

The School of Criminology and Criminal Justice  

In partial fulfillment of the requirements for the degree of Doctor of Philosophy  

in the field of  

Criminology and Justice Policy 

 

 

 

Northeastern University 

Boston, Massachusetts 

March 2020 

 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



2 
 

CRIME, PLACE, AND NETWORKS IN THE AGE OF THE INTERNET:  

THE CASE OF ONLINE-PROMOTED ILLICIT MASSAGE BUSINESSES 

 

 

A dissertation presented  

By  

Ieke de Vries  

 

 

ABSTRACT OF DISSERTATION 

 

Submitted in partial fulfillment of the requirements  

for the degree of Doctor of Philosophy in Criminology and Justice Policy  

in the College of Social Sciences and Humanities of  

Northeastern University 

March 2020 

 

 

 

 

 

 

 

 

 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



3 
 

Abstract 

 The association between crime and place is one of the most empirically supported notions 

in criminology. However, less is known about whether the internet has impacted the 

environmental conditions that contribute to crime in physical space. To address this gap, this 

dissertation examines the intersection of crime, place, and networks in the context of online-

promoted illicit massage businesses (IMBs). IMBs are establishments that host a wide variety of 

crimes and deviancies, and have recently gained attention due to their connection to human 

trafficking operations. While commercial sex and sex trafficking in IMBs are promoted through 

online classifieds and review boards, the illicit behaviors still require an offline act or transaction 

in stationary locations such as storefronts. Therefore, IMBs offer a compelling case to 

understand whether a criminology of place perspective applies to online-promoted crimes. 

 Using innovative data and robust, quantitative and computational methods, this study 

shows that the geography and use of IMBs are driven by environmental conditions that are 

central to criminological theory about crime and place. However, the findings also suggest subtle 

changes to the geography of online-promoted crimes. In particular, IMBs and clientele demand 

were identified in neighborhoods that on the one hand feature aspects of social disorganization 

and crime opportunity theories, and on the other hand were theoretically unanticipated (e.g. in 

advantaged areas). Moreover, many clientele traversed neighborhood boundaries to frequent 

IMBs, connecting both spatially proximate and distant neighborhoods in patterns of crime. 

Lastly, the findings show the limitations of current policing models that are challenged by the 

locational flexibility of IMBs. Overall, these findings raise questions about a criminology of 

place in the digital age, call for theoretical integration, and a response model that engages online 

and offline domains and involves partnerships within and outside of the criminal justice system.   
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Chapter 1  Introduction 

 Illicit massage businesses (IMBs) are a matter of public concern. While presumably 

hidden, crime and victimization in IMBs occur in stationary locations such as physical 

storefronts, offices, or apartments, of which at least 9,000 exist across the U.S. (Polaris, 2018). 

IMBs operate under the guise of legitimate massage while hosting a wide range of different illicit 

events, including commercial sex, human trafficking, robberies, and organized crime (Dank et 

al., 2014; Polaris, 2018). In addition to hosting crime events, a recent study suggests that IMBs 

can also increase overall levels of crime and disorder in their surrounding neighborhoods (Huff, 

Wallace, Riggs, Katz, & Choate, 2018). As such, IMBs might be understood as risky facilities, a 

term that has also been used to describe nightclubs, pubs and taverns, red light districts, or other 

facilities that can host or generate crime (Bowers, 2014; Eck, Clarke, & Guerette, 2007; Roncek, 

1981). Nonetheless, IMBs differ from these risky facilities because their existence explicitly 

relies on illicit means. In addition, IMBs are often promoted by publicly accessible online 

platforms that advertise commercial sex, and provide clientele unheralded access to the locations 

of IMBs (Bouché & Crotty, 2017; Chin, Takahashi, & Wiebe, 2019; Huff et al., 2018).  

 Although the presence of IMBs is not new (Armstrong, 1978; Bartley, 1994; Bryant & 

Palmer, 1975), they have only recently been couched as part of a national human trafficking 

problem (Polaris, 2018). Human trafficking involves the exploitation of sexual services and labor 

through force, fraud, or coercion,1 and can manifest itself in IMBs through exploitative 

 
1 Commercial sex and sex trafficking are criminalized under different federal and state 

legislations. Sex trafficking is criminalized as a form of human trafficking under the Trafficking 

Victims Protection Act (TVPA) in 2000 that defines it as “the recruitment, harboring, 

transportation, provision, obtaining, patronizing, or soliciting of a person for the purposes of a 

commercial sex act, in which the commercial sex act is induced by force, fraud, or coercion, or 

in which the person induced to perform such an act has not attained 18 years of age” (TVPA, 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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circumstances such as forced sexual services, long working hours, no or little pay, or working 

and living in the same location. In response to concerns about human trafficking victimizations, 

the Department of Justice has awarded over $100 million to anti-human trafficking efforts that 

involve the identification and protection of victims, in addition to investigations and prosecutions 

of offenders (U.S. Department of United States Department of Justice, 2019). While not all these 

resources are devoted to combatting IMBs, these venues are considered as one of the top venues 

for sex trafficking. For example, about a fifth of the calls to the National Human Trafficking 

Hotline in 2019 concerned IMBs, which comprised the largest group compared to a variety of 

other places such as residences or hotels (National Human Trafficking National Human 

Trafficking Hotline, n.d.). On local level, police departments often respond to IMBs and other 

human trafficking problems using traditional vice tactics, such as reactive investigations, sting 

operations, or undercover work (e.g. Blakinger, 2016; see more broadly Farrell, Dank, et al., 

2019; Farrell & Pfeffer, 2014). In addition to police, municipalities have also begun to respond to 

the problem of IMBs, for example by updating ordinances that impose stricter licensing 

requirements for massage therapy or facilitate closures of illicit venues (Polaris, 2018).  

 Despite increased concerns about human trafficking in IMBs, gains in our understanding 

of the locations and networks where these resources are most needed have been impaired by the 

absence of a coherent theoretical model, data and methods. Common problems in research on 

human trafficking are missing or flawed registrations, and limited access to public records about 

the problems (Farrell & de Vries, 2020; Farrell et al., 2009; Zhang, 2012).2 The recent online 

 

2000: Section 103, 8a). The elements of force, fraud, and coercion do not need to be proven for 

an act to be classified as commercial sex. In practice, different perspectives exist on the 

distinction or overlap between commercial sex and sex trafficking (De Vries & Farrell, 2019). 
2 An ongoing study about risk markers in online reviews of IMBs provides evidence of a 24/7 

availability of women who live and work inside IMBs and are being rotated across venues, 
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promotion of IMBs – and human trafficking generally – leaves a digital footprint of illicit 

behaviors, which this study utilizes to examine the geography of online-promoted crimes and 

deviancies. A few prior studies have begun to analyze online classifieds or review boards to 

estimate demand for commercial sex or explain an increasing number of IMBs in populous or 

more affluent neighborhoods (Bouché & Crotty, 2017; Chin et al., 2019; Crotty & Bouché, 

2018). While these studies suggest a systematic nesting of IMBs in certain neighborhoods, they 

have not examined the geography of IMBs through the lens of criminological theory. It is 

therefore possible that important crime-permissive features at the neighborhood level or at more 

discrete locations are overlooked.  

 

1.1 Theories of Crime and Place     

 This dissertation is guided by theories of crime and place. In particular, ecological and 

situational theories of crime have been central in studies on other risky facilities (e.g. Bowers, 

2014; Eck et al., 2007; Roncek & Maier, 1991) and may also provide viable explanations for the 

geography and networks of IMBs. Contrary to theories of criminality that seek to explain why 

certain individuals or groups have an increased propensity to commit crime, ecological and 

situational theories of crime focus on the presence or absence of elements in the environments 

surrounding crime events (Natarajan, 2017). Broadly, such theories posit that explanations of the 

motivations behind criminality are insufficient to explain why, where, and when crime events 

occur. Instead, theories of crime often imply an intricate connection between criminal 

 

which can point to potential human trafficking situation (de Vries and Radford, in preparation). 

However, using these risk markers to identify human trafficking with certainty is challenged by 

the fact that human trafficking is often only one of the problems associated with IMBs. This 

conflates signals of human trafficking with other crime and social problems such as robberies, 

violence by clientele, and social inequality and stratification. 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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dispositions and place, the latter term is used broadly here to refer to any physical environment, 

big or small, that can exhibit crime-favoring features (see, about the use of the term 'place, 

Sampson, 2013).  

 The hypothesized place features that explain a nonrandom concentration of crime differ 

by theory and geographic focus. Two theories are prominent in the literature on crime and place 

and are central throughout this dissertation. First, social disorganization theory focuses on the 

neighborhood-level features associated with rapid change and socio-economic deprivation that 

make it difficult for a community to maintain social ties and prevent crime within their 

neighborhoods. The theory’s roots go back to early observational work on commercial sex 

establishments, illicit vice areas, and disadvantaged communities (Heap, 2003; Park & Burgess, 

1924; Reckless, 1925), which suggests some relevance for the context of IMBs. Second, crime 

opportunity theories emphasize the environmental features that signal low risk and high rewards, 

often at micro-geographic places such as blocks or street segments, and when the behaviors of 

offenders and suitable targets converge (Cullen, 2010; Felson & Clarke, 1998; Wilcox & Cullen, 

2018). Both social disorganization and crime opportunity theories merit further examination in 

the context of IMBs, because the theories together may help illuminate an illicit market driven by 

rewards and risk avoidance as well as socio-economic problems associated with illicit and 

potentially victimizing means of employment in IMBs.  

 While these theories may help explain the spatial concentration of IMBs, they provide 

less guidance on how crime diffuses across geographic span. To explain such spatial diffusion, 

criminologists increasingly turn to social network processes. That is because many crime types 

are networked in the sense that individuals can co-offend or operate within a social network of 

other law-violating individuals (Papachristos & Bastomski, 2018; Schaefer, 2012; Tita & Radil, 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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2010). Crimes can then diffuse across geographic span through various social processes. For 

example, offenders can engage in crime in multiple neighborhoods or co-offend with someone 

residing in a different neighborhood. In doing so, they span a social tie between these 

neighborhoods, which are then connected in a complex system of crime and deviancy (see 

Sampson, 2004). It is through these inter-neighborhood ties that crime and deviancy can travel 

from one place to another. This diffusion has been observed in research on crime problems such 

as gang violence (Papachristos & Bastomski, 2018; Schaefer, 2012), and can be of particular 

importance for the problem of IMBs that involves the rotation of owners, clientele, and providers 

across venues (Polaris, 2018).  

 Through explanations of the spatial and geographic patterning of crime, a criminology of 

place helps inform crime responses that are directed at a physical space. To guide crime control 

and crime prevention strategies, criminologists have historically drawn from deterrence theory, 

which posits that crime can be prevented by increasing perceptions of risk among individuals 

contemplating illicit behaviors (Gibbs, 1975; Nagin, 2013a; Zimring & Hawkins, 1973). While 

altering the perceptions of risk among individuals is not in and of its own linked to place, 

discouraging individuals by diminishing criminal opportunities in their local environments is. 

Prevention through deterrence and reducing crime opportunities are often sides of the same coin 

when the objective is to increase perceptions of risk disproportionately to the perceived benefits 

from crime (Nagin, Solow, & Lum, 2015).  

 

1.2 The Applicability of Place-Oriented Explanations to Online-Promoted Crimes?  

 Although the above theories have proven to be suitable, place-oriented explanations for 

the concentration, diffusion, and prevention of crime, the online promotion of IMBs raises an 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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important question: To what extent is crime indeed intricately linked to physical environments, 

when online platforms can reduce a dependency on physical cues and signal illicit opportunities 

at large geographic span? More precisely, is the presence and market for online-promoted IMBs 

driven by those environmental cues that are central to ecological and situational theories on 

crime? These questions are important for a criminology of place given that our communication 

patterns increasingly move toward an online space, potentially making the role of physical space 

less relevant to many social processes (Small & Adler, 2019; Wellman, 2001), including that of 

offenders.  

 Indeed, crime and deviant groups increasingly maintain a strong online presence and 

communicate with each other through online platforms like Twitter, Facebook, or crime-specific 

platforms such as those advertising for commercial sex (Blevins & Holt, 2009; Decker & Pyrooz, 

2012; Pyrooz, Decker, & Moule Jr, 2015). In an online setting, motivated offenders can learn 

about illicit opportunities in any physical location (Holt, Blevins, & Kuhns, 2008, 2014; Wall, 

2007), although this exposure to illicit opportunities might not change the geography of crime 

when online behaviors mirror offline empirical realities (see Mok, Wellman, & Carrasco, 2010; 

Sampson, 2017; Wellman & Hampton, 1999). While there is no doubt that new crimes and new 

modalities of crime are facilitated by online domains (Wall, 2007), little is known about how 

online domains may challenge our understanding of where and why crime occurs and question 

the effectiveness of existing responses to crime. This empirical void motivated the current 

study’s purpose to explore offline geographies of online-promoted IMBs. 
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1.3 This Study  

 The present study examines the relevance of traditional notions on the intersections of 

crime, place, and networks in the context of online-promoted IMBs. Theories about social 

disorganization, crime opportunities, social networks, and deterrence guided the analyses, which 

sought to answer the following questions about how an online facilitation may challenge our 

traditional place-based understanding of crime: 

1. Do spatial proximity and physical cues of neighborhoods help explain the geography 

of IMBs within cities?  

2. To what extent do web-facilitated clientele networks of IMBs connect neighborhoods 

in patterns of crime and deviancy and are clientele travels driven by spatial proximity 

and physical neighborhood features?   

3. How do police enforcement actions impact the geography of online-promoted IMBs? 

 These questions were examined through innovative data and methods. Publicly-

accessible data pertaining to 2,301 IMBs that were reviewed between 2011 and 2017 were 

extracted from one of the most popular review boards for sexual services in IMBs in the U.S.3 

These online data were matched with theoretically-relevant data about the neighborhoods where 

IMBs were located, including socio-economic characteristics, land use information, crime 

statistics, police presence, and spatial data. Place features were collected for census tracts and 

 
3 The web address is not provided in an effort to preserve confidentiality of providers, website 

users, and locations. While the website does not present a complete list of all IMB locations, it 

represents a sample of interest to the current study: those IMBs that were promoted by an online, 

popular platform. It should be noted that it is highly unlikely that the implementation of the Fight 

Online Sex Trafficking Act and the Stop Enabling Sex Traffickers Act (FOSTA-SESTA) had an 

impact on the findings. This law is an amendment to Section 230 of the Communications 

Decency Act (CDA) of 1996 and makes it possible to charge individuals and corporations behind 

websites for sharing sexually-explicit content and facilitating sex trafficking. The law was 

adopted in April 2018, and analyses in this dissertation concerned the year 2017 or earlier years. 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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cities in Massachusetts, Texas, and Washington State, which are states that host a substantial 

number of IMBs, and have prioritized the response against human trafficking problems in IMBs 

at municipalities and local police departments. Census tracts were selected as an approximation 

for neighborhoods (see also Morenoff, Sampson, & Raudenbush, 2001; Peterson & Krivo, 2009), 

where online social interactions might have a reasonable impact on intra- and inter-community 

ties. Using census tracts as the unit of analysis also allowed a comparison of the findings with 

previous studies on IMBs.  

 Each of the above research questions were answered through combining a theory- and 

data-driven approach in three interrelated empirical papers. The first paper applied a multilevel 

model to identify whether social disorganization and crime opportunity theories jointly help 

explain the spatial patterning of IMBs across census tracts. In a second paper, statistical social 

network analyses were used to examine how online clientele networks of IMBs connect both 

spatially proximate and distant neighborhoods in crime and deviancy. Clientele may not fall in 

traditional offending categories but are important to consider as conduits for the diffusion of 

deviant norms and illicit behaviors across neighborhoods. In a third paper, a quasi-experimental 

research design was used to analyze the impact of police enforcement actions on the prevention 

of new IMBs in or near the targeted areas. Subsequently, machine-learning techniques were used 

to assess a predictability of new locations of IMBs within cities after a series of police 

enforcement actions.  

 Together, the contribution of these papers is fourfold. First, this study fills a gap in prior 

research on IMBs or commercial sex and sex trafficking, much of which has been theory-

agnostic or challenged by data limitations. With that in mind, the present study integrates 

innovative data, appropriate theory, and robust quantitative assessments. Through relying on 
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place-oriented theories and analyzing information about the locations of IMBs, the study of 

IMBs is being situated in prior work on the larger ecological and social contours surrounding 

crime events. Second, this dissertation contributes to theory development by extending the 

application of theories on crime and place to an online-promoted crime type. Prior work has 

urged criminologists to test “the extent to which criminological “facts” – the age-crime curve, 

gender invariance, victim-offender overlap and peer effects – extend into online settings” 

(Pyrooz et al., 2015, p. 494). This study presents the spatial and geographic distribution of crime 

within cities as one such fact that might be impacted by the internet. Third, the study seeks to 

contribute to a methodological discussion about a computational criminology that draws on new 

forms of data and interdisciplinary methods, yet is not disconnected from important theoretical 

concepts (see, about the integration of a data- and theory-driven approach, Lazer & Radford, 

2017; Snaphaan & Hardyns, 2019). Fourth, this study provides an empirical model that can 

direct crime prevention and crime control measures to those areas where they are most needed.  

 

1.4 Roadmap of the Dissertation  

 The following chapters proceed as follows. Chapter 2 provides the theoretical 

background for the theories guiding the analyses, highlighting central notions about social 

disorganization, crime opportunities, social networks, and deterrence. The purpose of this 

chapter is not to provide a comprehensive assessment and critiques of each of the theoretical 

perspectives, but to introduce the core theoretical concepts that will be tested in the context of 

online-promoted IMBs. Chapters 3, 4 and 5 include the three empirical papers, each of which 

will describe the relevant theoretical and empirical background, data, and methods in more 

detail. The overarching conclusions, limitations, and implications will be discussed in Chapter 6. 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



21 
 

Chapter 2  Theoretical Background 

 An understanding of the geography of crime within cities is rooted in theories that have 

been developed prior to the emergence or popularity of the internet. The increasing use of the 

internet by crime and deviancy groups (Blevins & Holt, 2009; Pyrooz et al., 2015) can have 

implications for the core tenets of these theories, especially as it pertains to the offline 

geographies of online-promoted crimes. Considering that the internet allows for rapid, weakly 

regulated, and somewhat anonymous travel of information, crime can diffuse across greater 

distance (Wall, 2007). For example, an emerging literature has examined how online propaganda 

and online recruitment allowed terrorist groups to instigate acts of violence within and across 

regions (Weimann, 2006). Furthermore, cybercrimes such as online fraud (Holtfreter, Reisig, & 

Pratt, 2008) or antisocial and extremist groups (Chau & Xu, 2007; A Corb, 2011) can target 

victims virtually in any location, without relying on physical space at all.  

 Still, most theories of crime and place are not concerned with the extent to which crimes 

diffuse across geographic areas as large as countries or regions. Instead, the most fundamental 

theories of crime and place have been developed and tested with reference to local crime 

problems, those that concentrate within cities, such as robberies, gang violence, and illicit drug 

markets. The role of online domains in changing the geography of such crimes has had limited 

theoretical and empirical attention. While recent sociological or social media studies suggest that 

online activities may simply reflect offline identities and behaviors (see Mok et al., 2010; 

Sampson, 2017; Wellman & Hampton, 1999), it is possible that an increasing access and use of 

the online space has some impact on the geographic distribution of crime. Consider, for example, 

that the locations of burglaries can be influenced by an offender’s ability to identify easy escape 

routes (e.g. a backyard) through Google Street View. Or, more pertinent to the present study, 
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clientele of commercial sex in IMBs can identify new venues online, beyond those that are 

located on their routine travels between work and home. Although the extension of a myriad of 

theories to the online domain could be discussed, the focus in this study on the distribution of 

online-promoted crimes within cities drives the following selection of theories. 

 

2.1 Social Disorganization 

 Social disorganization theory explicitly links crime to the features of neighborhoods. The 

theory finds its roots in the Chicago School, particularly the work of Park and Burgess who 

examined the implications of industrialization and urbanization on crime and social problems in 

Chicago’s neighborhoods in the 1920s (Park & Burgess, 1924). Park and Burgess’ observations 

were articulated in the concentric zone model, which suggested that the expansion of central 

business districts created an adjacent “zone in transition”, where the invasion of businesses 

activity in residential areas would cause some residents to leave while the most economically 

disadvantaged would stay behind. These zones in transition featured the highest levels of crime 

and deviancy in the city (Park & Burgess, 1924), including illicit and deviant sexual behaviors 

(Heap, 2003; Reckless, 1925). Other zones experienced fewer crime problems the further they 

were away from the central business district (Park & Burgess, 1924). 

 The concentric zone model laid the ground for what was later formalized as the social 

disorganization theory by Shaw and McKay (1942), which puts emphasis on the economic, 

cultural, and social deprivation that can accompany rapid and unintegrated urban change. The 

theory specifically links low socioeconomic status, population heterogeneity and residential 

instability to crime problems in neighborhoods. These neighborhood features were not 

hypothesized to directly cause crime, but indirectly would increase crime through reduced levels 
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of informal social control. For example, constant residential turnover challenges social relations 

and interactions between neighbors who may then be less likely to engage in informal social 

control mechanisms, such as calling out deviant behaviors or reporting crime to the police. 

Similarly, racial and ethnic heterogeneity was thought of as being associated with different 

cultural backgrounds and potential dissonance in values upon which to build cohesion and 

integration among residents. It is important to recognize that increased exposure to crime and 

victimizations in heterogeneous settings can also be explained by systemic social and economic 

inequality and relative deprivation (Bursik & Webb, 1982; Hipp, 2007). Furthermore, recent 

studies have challenged the connection between racial and ethnic heterogeneity, immigration, 

and crime, for example by showing crime-reducing effects of an influx of immigrant populations 

through a revitalization of disadvantaged areas and strengthening of familial bonds (Lee & 

Martinez, 2009; Martinez Jr & Stowell, 2012; Martinez Jr & Valenzuela Jr, 2006).  

 Social disorganization theory has undergone several important changes since the 1940s, 

especially in response to criticism about the lack of theoretical power due to vague mechanisms 

that link socio-economic problems to crime (Bursik, 1988). In that regard, a key contribution 

comes from the work of Sampson and colleagues who demonstrated collective efficacy as a 

critical factor that mediates the relationship between social disorganization and crime (Sampson 

& Groves, 1989). Collective efficacy combines the role of informal social control and social ties 

by suggesting that a cohesion among neighborhoods, for example through community-based 

organizations and neighborhood initiatives, can drive collective civic action against a problem 

(Sampson, 2012; Sampson, Raudenbush, & Earls, 1997).  

 Several other reformulations of social disorganization theory have been made since its 

first proposal by Shaw and McKay, including changes that draw attention to the structure of 
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contemporary cities that are socially and economically different from Chicago before the 1950s 

that provided the larger societal, historical, and temporal context for the development of the 

theory (Bursik Jr & Grasmick, 1993, p. 275; Kubrin & Weitzer, 2003). This has led to further 

refinements to the theory, for example by including additional social disorganization factors such 

as income inequality or factors of modern urban change such as gentrification (see, for a 

discussion, Kubrin & Weitzer, 2003). Despite these updates to the theoretical components, an 

important question regarding the applicability of social disorganization theory to contemporary 

cities yet awaits further empirical inquiry: How do online domains impact local patterns of 

(im)mobility, social cohesion, or the way we respond to neighborhood problems and initiate 

collective civic action?   

 

2.1.1 Social Disorganization and Online Domains 

 Online domains are a particularly relevant larger social context that could influence local 

neighborhood dynamics, although it may not change the pervasive nature of spatial inequality 

that has been a “mainstay of the American urban landscape” (Sampson, 2017, p. 8958). As 

Sampson (2017) noted, neighborhoods constantly change, but patterns of urban (im)mobility and 

the distribution of social ties continue to be driven by economic resources and deprivation (see 

also Sampson, 2004). This is no less true for the distribution of online social ties, which have 

shown to be divided along demographic, socio-economic, and educational lines (Castells, 2002). 

Given these structural inequalities in the distribution of offline and online social networks, the 

neighborhood features that have traditionally been associated with limited social and economic 

stratification, such as mobility and social cohesion and integration, can continue to underlie 

spatial inequality in exposure to violence within cities (Sampson, 2004, 2017). More explicitly, 
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this would suggest that social disorganization theory maintains its relevance despite 

technological changes to our social fabric.  

 Nonetheless, more theoretical development and research is needed to understand whether 

traditional notions on neighborhood crime fit the urban landscape of cities in the 21st century. At 

least three potential factors of change within the urban landscape should be considered in 

empirical studies: 1) online domains may provide a means to further develop social cohesion 

(Goldsmith & Crawford, 2014; Hampton & Wellman, 2003), which can help monitor and 

encourage action against social and crime problems in neighborhoods; 2) social ties may span 

across neighborhoods when online domains take away significant physical barriers to connect 

(although structural inequality continues to be pervasive to such inter-neighborhood ties); and 3) 

deviant ties may develop online (Blevins & Holt, 2009; Maratea & Kavanaugh, 2012; Wall, 

2007), out of sight of neighbors who might otherwise intervene. The latter could suggest that 

online-promoted crimes may occur in neighborhoods regardless of the socio-economic 

composition of these neighborhoods. 

 

2.2 Crime Opportunities  

 With their roots in Hawley’s human ecology theory of community structure that stresses 

the interdependence of crime with place and human activities (Hawley, 1950), crime opportunity 

theoretical perspectives seek to identify the environmental features that provide numerous 

opportunities for crime (Cullen, 2010; Felson & Clarke, 1998; Wilcox & Cullen, 2018). These 

features are often identified through an economic rationale of markets to emphasize that crime 

occurs within a choice framework of motivated offenders weighing benefits and risks of crime 

(Clarke & Cornish, 1985). This is different from the precursors of contemporary crime 
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opportunity perspectives, which relate back to the work of Cloward and Ohlin who also focused 

on crime opportunities, but argued that these would arise within a social learning framework of 

delinquent subcultures providing the skills, norms, and instrumental support for illicit behaviors 

(Cloward & Ohlin, 1960; Natarajan, 2017).  

 

2.2.1 Rational Choice, Routine Activities, and Crime Pattern Theories  

 Drawing further upon a choice framework, scholars commonly distinguish between three 

crime opportunity theories: rational choice theory, routine activity theory, and crime pattern 

theory. Unsurprisingly, rational choice perspectives are at the heart of crime opportunity theories 

and, in their simplest form, assume that would-be offenders make a calculated decision based on 

the benefits and costs of engaging in crime (Clarke & Cornish, 1985; Cornish & Clarke, 1986, 

2017). This decision, however, is inevitably shaped by individual perspectives, experiences, and 

constraints (Clarke & Cornish, 1985; Cornish & Clarke, 1986). To some extent, this “bounded 

rationality” was incorporated in the work of Clarke and Cornish (1985) when they situated their 

reasoning within a sociology of deviance, criminology, economics, and cognitive psychology. 

Drawing on these different fields, Clarke and Cornish argued that decision-making processes 

stem from both internal and external factors: “The existence of a suitably motivated individual 

goes only part of the way to explaining the occurrence of a criminal event – a host of 

immediately precipitating, situational factors must also be taken into account” (Clarke and 

Cornish, 1985, p. 164). In other words, criminal decision-making is imperfect and conditioned by 

the specific contexts in which it takes place. In addition, implicit to the term “risk taking” is 

uncertainty due to a lack of information about the certainty of punishment, and motivated 

offenders may rely on both calculated assessments and heuristics, that is “rules of thumb”, when 
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an opportunity to engage in crime and delinquency arises (Clarke & Cornish, 1985, p. 160; 

Kahneman, 2011; Tversky & Kahneman, 1974). 

   Routine activity theory places the actions of motivated offenders within a triangle of 

actors that also involves potential victims and crime preventers. By emphasizing the 

interconnectivity between a physical environment and human actions, the theory posits that 

crime events occur when the behaviors of motivated offenders and suitable targets converge in 

time and space under weak capable guardianship (Cohen & Felson, 1979; Felson, 1987; Felson 

& Clarke, 1995; Felson & Cohen, 1980). Capable guardians can be authorities such as police or 

security guards with the ability to prevent crime by exercising formal social control. Later work 

by Eck (1995a) adds the role of ‘controllers’ who have the capacity to change the routines of 

victims, discourage offending, or regulate and monitor places (e.g. landlords), or “super 

controllers” as being the individuals, organizations and institutions that can incentivize 

controllers to prevent crime. Examples of super controllers are regulatory agencies that tighten 

regulations and monitoring policies or insurance companies that threaten to raise a landlord’s 

insurance when there is suspicion of crime in a certain building. While routine activity theory 

emphasizes mechanisms of formal social control, it also assigns a role to “intimate handlers” as 

being the friends, families, neighbors, or anyone else familiar to the offender, and who can 

informally influence a would-be offender’s decision-making process (Eck, 1995a; Felson, 1995).   

 Eck’s (1995b) application of routine activity theories to illicit retail market places offers a 

particularly useful framework for the current study. As Eck suggests, illicit market activities 

need to be situated in locations that are known to buyers and sellers yet attract minimal 

suspicion. Complete concealment or displacement of illicit market activities is not preferred 

because this would make it less likely that buyers, sellers, and offenders converge in place and 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



28 
 

time. Instead, Eck (1995) expects that illicit market activities blend into familiar and legitimate 

surroundings as a strategy to create and maintain a marketplace. At the same time, poorly-

maintained areas also offer increased opportunities for crime events because place managers 

might have limited interest or ability to regulate the behaviors of people using their property. 

Examples are small apartment buildings in inner-city areas where property managers lack the 

resources to screen for illicit events or turn a blind eye for crime as long as they receive the rent.  

 Crime pattern theory situates this decision-making process within a spatial and 

geographic context by stating that crime occurs in those locations where environmental cues 

signal low risk, high likelihood of rewards, and acceptable efforts (Brantingham & Brantingham, 

1993, 2013). For example, specific types of land use such as retail areas can function as ‘crime 

facilitators’ by attracting a large number of people without pre-existing ties, including would-be 

offenders. Other crime facilitators can be related to a specific street infrastructure, such as street 

permeability (e.g. number of ways in and out) or street accessibility from major highways 

through offramps. For example, a freeway off-ramp provides for an easier getaway and might 

attract crimes such as robberies (e.g. Hipp & Williams, 2019). Thus, among the above crime 

opportunity theoretical perspectives, crime pattern theory puts most emphasis on how a physical 

environment can affect visibility of crime opportunities.  

 Empirical support for crime opportunity theories initially emerged from macro and meso-

level studies. For example, as a first assessment and in the development of routine activity 

theory, Cohen and Felson (1979) analyzed whether the increase in U.S. crime rates could be 

explained by changes in the overall routine activities of a U.S. society. Drawing on longitudinal 

data covering the years 1947 to 1974, they observed that increases in labor force participation 

among married women were associated with increased crime rates. To explain this, Cohen and 
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Felson argued that more households were left unattended during the day as a result of this labor 

force participation change, making these households suitable targets for crimes like burglaries. In 

a similar vein, Messner and Blau (1987) used data about the 124 largest standard metropolitan 

statistical areas (SMSAs) in the U.S. and demonstrated that out-of-home activity (e.g. leisure 

activities outside of the such as sports) were positively correlated with crime rates. On 

neighborhood level, Sampson and Wooldredge (1987) identified opportunity structures for 

victimization such as increased street activity (increased risk for victimization) and percentage 

single-adult households in each community (households more likely to be left unattended). 

However, they also noted that several socio-economic structures, such as family disruption or 

unemployment, had larger impacts on victimization.  

 Recent work suggests that macro neither meso-geographic units are the most powerful 

unit of analysis for crime opportunities when considering that most crime events tend to occur at 

only a few discrete locations. For example, Weisburd and colleagues (2004) demonstrated that, 

between 1989 and 2002, half of Seattle’s crime incidents were concentrated at only 4.5 percent 

of city’s street segments. Similarly, Braga, Hureau, and Papachristos (2011) find that half of 

Boston’s commercial robberies between 1980 and 2008 were concentrated at approximately one 

percent of the city’s street segments and intersections. Even crime types that do not necessarily 

rely on public space, such as domestic disturbances, have found to be concentrated at less than 

ten percent of street addresses and intersections (Sherman, Gartin, & Buerger, 1989). This spatial 

concentration of crime is so persistent across time that Weisburd proposes the “law of crime 

concentration” and calls for empirical analyses on microgeographic hot spots (Weisburd, 2015).  

 With the growing digitization of granular levels of data since the 1980s, the number of 

studies providing explanations for crime concentration at microgeographic units is growing. Eck 
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and Weisburd (1995) have provided a framework that helps summarize these findings by four 

themes (see also Braga & Clarke, 2014). First, certain facilities can host or generate crime by 

attracting offenders and suitable targets under minimum supervision of possible crime controllers 

such as landlords (e.g. bars, see Eck et al., 2007; Groff & Lockwood, 2014; Roncek & Maier, 

1991). Second, physical and social characteristics of a place can impact its attractiveness for 

offenders such as type of homes or the visible presence of burglar alarms (e.g. Hakim, Rengert, 

& Shachmurove, 2001). Third, features providing offender mobility, such as a freeway on-ramp 

(Hipp & Williams, 2019) or bus-stops (Groff and Lockwood, 2014), have shown to be important 

correlates of crime events at discrete locations. Fourth, offenders select their targets such that 

risks are acceptable and do not outweigh the expected gains. For example, homes nearby affluent 

neighborhoods can attract burglars as they signal gains but limited risks (Rengert & Wasilchick, 

2000). 

 

2.2.2 Crime Opportunities and Online Domains   

 Technological advances change our daily routines and may, by extension, have an impact 

on crime opportunities (Felson, 1987). The internet is undoubtedly a major technological change 

and studies have called out the online domain as the new “virtual convergence space” where the 

activities of offenders and victims can converge in an online setting (e.g. Pyrooz et al., 2015, p. 

476). A few prior studies have utilized these new online settings to revisit crime opportunity 

theoretical concepts, albeit mostly in the context of cybercrimes. These are crimes that are fully 

committed in a virtual environment, as opposed to crimes that still require an offline act or 

transaction (e.g. illicit drug markets or commercial sex). For example, a study by Holtfreter and 

colleagues (2008) support the extension of routine activities (and self-control) to online 
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consumer behaviors and internet fraud. Using survey data about 922 adults in Florida, their 

analyses show that greater participation in remote and under-guarded online shopping behaviors 

increases an individual’s risk to be targeted in an online fraud scheme (see, for another example 

on online fraud, Reyns, 2013). However, the authors also note that target attractiveness and 

expected rewards might be less relevant theoretical notions in the context of online fraud 

victimization. Furthermore, an increasing amount of studies draw on crime opportunity theories 

and specifically rational choice perspectives to examine offender’s decision-making processes in 

online settings. In particular, general social media or crime-oriented websites can contain “crime 

scripts” (Holt, 2013, p. 206), which provide individuals the information, motivations, and 

justifications for illicit opportunities such as online frauds, cyberstalking, or online piracy 

(Clarke, 2004; Yar, 2005). 

 While these studies illustrate the possibility to extend the ideas of crime opportunity 

theories to online settings, they provide little clarity on the extent to which online cues replace, 

supplement, or reinforce offline crime opportunities. More pertinent to the current study is recent 

qualitative work that has relied on crime opportunity theories to examine the “virtual subculture 

of Johns”, buyers of commercial sex, in online review boards (Blevins & Holt, 2009). Drawing 

on content analyses of reviews of commercial sex venues, these studies provide evidence for 

motivated offender’s screening techniques to identify illicit opportunities online while engaging 

in illicit behaviors offline. In further aiding the location choices of illicit and deviant behaviors, 

clientele may also use online domains as collective warning systems to help avoid law 

enforcement apprehension, for example by temporarily displacing to different areas (Holt et al., 

2008, 2014).   
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 When considering the implications of online settings for an offline geography of crime, 

three scenarios deserve further attention in the application of crime opportunity theories. First, 

routine online behaviors may be spatially patterned in the same way as offline behaviors when 

offenders respond to online cues about the characteristics of neighborhoods they are familiar too, 

actively search for crime opportunities in nearby areas, or seek to use a secure platform to 

connect with their peers. Second, crime and deviancy might have the potential to diffuse toward 

different areas within cities when online platforms alert would-be offenders to opportunities 

beyond their own neighborhoods or routine travels. Third, online domains may also illuminate 

illicit opportunities to capable guardians and, as such, provide for possible points of interdiction 

in both offline and online settings. Drawing upon such scenarios, Chapters 3 and 4 examine the 

applicability of crime opportunity theoretical concepts to the offline locations of IMBs and the 

geographical coverage of clientele networks, respectively. 

 

2.2.3 Integrating Social Disorganization and Crime Opportunities  

 Although social disorganization and crime opportunity theories have substantially 

different theoretical foci and are often measured using different geographic units of analyses, 

recent work has called for their integration in explanations of the geography of crime within 

cities. The central argument is that illicit opportunities can be contextualized by broader 

neighborhood dynamics (Braga & Clarke, 2014; Smith, Frazee, & Davison, 2000; Weisburd, 

Groff, & Yang, 2014; Wilcox & Land, 2017). As such, a theoretical integration could improve 

explanations of the geography of crime in at least two interrelated ways. 

 First, an integrated theoretical approach can strengthen explanations of local crime events 

(Weisburd et al., 2014). This is supported by studies that report statistical significance of both 
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social disorganization and crime opportunity variables and an overall improved model fit of 

models that account for both sets of theories. For example, a study using crime incident data for 

automobile theft in blocks, Rice and Smith (2002) identified that opportunity (e.g. 

vacant/parking lots), offender traffic (e.g. commercial areas), low community control (e.g. low 

number of owner-occupied places), and other social disorganization variables (e.g. proximity to 

downtown areas) improved explanations for automobile theft in blocks. Furthermore, in a study 

on crime hot-spots in Seattle’s street segments, Weisburd, Groff, and Yang (2012) document 

strong support for crime opportunity variables (e.g. presence of employees and public facilities) 

as well as variables that can be associated with socially disorganized areas, such as physical 

disorder and lower property values. However, they find no statistical significance for common 

social disorganization variables such as population heterogeneity or mixed land use.  

 Second, neighborhood dynamics can moderate the effect of local crime opportunities 

(Wilcox, Land, & Hunt, 2003). An example is a recent study by Jones and Pridemore (2019) who 

analyzed data about violent and property crimes on street segments and in neighborhoods in 

Lexington, Kentucky. They find that social disorganization variables such as neighborhood 

(in)stability and mixed land use moderate the effects of local crime opportunities. As an 

illustration, public places independently attracted more violent and property crimes, but these 

places were associated with lower levels of property crimes in stable neighborhoods.  

 In addition to strengthening explanations on where crime occurs, social disorganization 

and crime opportunities also provide complementary, and to some extent overlapping, 

perspectives on crime prevention strategies through social control mechanisms (Braga & Clarke, 

2014). The theories are complementary when considering that formal social control mechanisms 

exercised by police or other capable guardians can be the sole crime preventers in areas with low 
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levels of informal social control. The theories overlap regarding the role of informal social 

control: Similar to social disorganization theory that suggests that positive connections between 

residents help reduce crime (Sampson & Groves, 1989), crime opportunity theories refer to 

positive influences from relatives, friends, and other “intimate handlers” who can discourage 

would-be offenders or reduce target suitability (Braga & Clarke, 2014; Eck, 1995a; Felson, 

1995).   

 

2.3 Social Networks and Crime Opportunities  

 A neighborhood-based understanding of crime also involves the social networks that 

make up the communities in these neighborhoods. A social network is a bounded set or sets of 

individuals, organizations, or any other actors upon which relationships can be defined 

(Wasserman & Faust, 1994). Through these relationships, people can influence each other and 

capital, goods, information, and ideas can flow between any two actors (Jackson, 2010; 

Wasserman & Faust, 1994).   

 The study of social networks has become popular in criminology in two distinct ways. On 

the one hand, studies have shown that social networks can reduce crime and deviancy through 

inducing neighborhood satisfaction, cohesion, and social organization (McGloin & Kirk, 2010; 

McGloin & Nguyen, 2013). On the other hand, social networks can create numerous 

opportunities for crime through exposing people to acts of crime, providing instrumental support, 

or facilitating the diffusion of information, capital, and norms (Carrington, 2014; McGloin & 

Nguyen, 2013; Papachristos, 2011; Wasserman & Faust, 1994) 

 Clearly, the role of social networks in crime and deviancy requires an integration with 

criminology theories, many of which already acknowledge the social processes related to peer 
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selection, influence, and exposure (McGloin & Nguyen, 2013; Papachristos, 2011). Of most 

relevance to the present research are the social interactions that initiate or broaden an offending 

repertoire and awareness space of opportunities for crime (Andresen & Felson, 2009). These 

social opportunities imply an embeddedness of crime in structures of social relationships. This is 

similar to what Granovetter meant when he pivoted the term social embeddedness as the 

systematic nesting of economic action in larger social contexts and structures (Baker & Faulkner, 

2009; Granovetter, 1985; Uzzi, 1999). These larger social contexts can also involve the structural 

neighborhood conditions that shape the extent to which crime-involved networks emerge within 

and across neighborhoods. It is possible that networks can serve as an alternative way to 

establish familiarity, security, and access to crime, which potentially reduces the dependency on 

ecological cues (Carrington, 2014; Eck, 1995b; Morselli, 2013). With a minimal dependency on 

a physical environment, illicit activity can remain hidden for the public or authorities while 

potentially diffusing crime across place, time, and individuals.  

 Research on commercial sex and sex trafficking has taken a more instrumental approach 

to the study of social networks by examining the structures of criminal networks. In doing so, 

most studies have relied on court records to analyze trafficking operations. For example, 

Campana (2016) constructed Nigerian sex trafficking rings from police records in Europe and 

identified a loosely organized network structure as opposed to previously presumed hierarchical 

organized crime structures. Denton (2016) examined criminal networks based on labor 

trafficking court cases and illuminated that the most important actors did not always receive the 

most severe sentencing. With the availability of online data, recent studies have begun to 

construct human trafficking networks from online classifieds that contain similar language or 

identifying information such as shared phone-numbers (e.g. Ibanez, 2015), although these studies 
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oftentimes still rely on court records to determine and search for the characteristics of human 

trafficking. A few studies have qualitatively begun to describe how IMBs are connected through 

shared ownership of venues or the frequent rotation of commercial sex providers between IMBs 

(Chin et al., 2019; Dank et al., 2014; Polaris, 2018).  

 To date, the role of clientele networks in driving commercial sex and sex trafficking in 

IMBs has received the least empirical attention, in spite of prior work that has suggested an 

elevation of commercial sex through a growing online community of clients that review sexual 

services and learn about illicit opportunities through online classifieds and review boards 

(Bouché & Crotty, 2017; Holt, Blevins, & Fitzgerald, 2016; Holt et al., 2008, 2014). While 

online clientele communities may not fall in the traditional offending categories, these web-

facilitated clientele networks are important as they create and maintain the social opportunities 

for crime. When location choices of clientele are still driven by choice-structuring features in 

neighborhoods, the geographical coverage of these clientele networks can reveal the specific 

place features that facilitate the diffusion of demand across neighborhoods.      

 

2.3.1 Spatial Networks  

 Social networks, including crime and deviancy networks, are often spatially bounded 

given that they tend to be centered around shared nodes of activity (e.g. shopping centers, gyms, 

schools). Therefore, we often socialize with people in spatial proximity to us because of 

increased opportunities to connect and because it takes the least amount of effort (Blau, 1977; 

Zipf, 1949). Criminal and deviant individuals seem to operate in a similar way given that prior 

studies demonstrate that connections with criminal peers often stay within spatially proximate 

neighborhoods (Kirk & Papachristos, 2011; Mears & Bhati, 2006; Peterson & Krivo, 2009). This 
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relates to the spatial concentration of crime within neighborhoods and explains the focus in 

criminology on intracommunity dynamics or “internal characteristics of a “neighborhoods’ 

neighbors” (Sampson, 2012, p. 61).  

 However, intercommunity dynamics are important when considering that many daily 

routines traverse neighborhood boundaries (Phillips, Levy, Sampson, Small, & Wang, 2019; 

Sampson, 2012). In daily routines, residents often cross neighborhood borders several times a 

day, for example when traveling between work and home. Every move between neighborhoods 

spans a tie between the origin and destination (Sampson, 2012, p. 311), and neighborhoods then 

become “nodes in a larger network of spatial relations” (Sampson, 2004, p. 158). A more 

persistent form of inter-neighborhood ties is caused by residential mobility, where residents 

move between different communities (Sampson, 2004, 2012).  

 As far as it pertains to criminal activity, illuminating the connectivity between 

neighborhoods is of utmost importance to understand processes of crime diffusion. While 

criminologists have embraced the notion that internal neighborhood dynamics can be influenced 

by dynamics external to that neighborhood (Mears & Bhati, 2006), only a few studies have 

empirically addressed the role of social networks in creating pathways through which crime 

travels. For example, Sampson examined the connectivity between neighborhoods through 

residential mobility patterns of families with and without a criminal history. Neighborhoods were 

overall highly connected, and families, with or without a criminal history, were likely to migrate 

to spatially proximate neighborhoods and those that had demographic or socio-economic 

similarities to the origin neighborhoods. Thus, oftentimes, these mobility patterns are driven by 

processes of “homophily”, which means that we tend to connect with minds alike (McPherson, 

Smith-Lovin, & Cook, 2001), or in spatial terms, tend to travel to familiar or similar-looking 
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neighborhoods (Sampson, 2012). Later studies corroborate such findings on spatial homophily 

using different spatial networks of crime and deviancy such as gang co-offenders that reside in 

different neighborhoods (Bichler, Malm, & Enriquez, 2014; Papachristos & Bastomski, 2018; 

Schaefer, 2012) 

 

2.3.2  Spatial Networks and Online Domains 

 Increasingly so, online domains have allowed social networks to become “loosely 

bounded”, “sparsely knit”, and “spatially unbounded” (Phillips et al., 2019, p. 469; Wellman, 

2001, p. 2031). This, particularly, may challenge our neighborhood-based understanding of 

crime and a city’s social fabric generally given that individuals can now rely on social support or 

information outside one’s own neighborhood (Wellman & Hampton, 1999). Indeed, social 

network studies have drawn attention to changing social worlds as communication patterns move 

online and take away physical barriers to connect. Some have claimed that our ability to maintain 

long-distance social relations would imply the death of distance (Cairncross, 1997), yet most 

studies seem to emphasize that spatial proximity continue to shape many online-facilitated 

relationships (Barthelemy, Gondran, & Guichard, 2003; Mok et al., 2010; Wellman & Hampton, 

1999; Yook, Jeong, & Barabási, 2002). Some even illustrate that internet access can help shape 

local neighborhood identity and social cohesion (Hampton & Wellman, 2003), as well as 

community engagement in crime reporting (Keymanesh et al., 2020).    

 Despite the implications for the concentration, diffusion, and prevention of crime, 

criminologists have been slow to analyze how online communications may influence spatial 

networks of crime and deviancy. In an attempt to fill this empirical void, Chapter 4 presents 

online-promoted IMBs and their clientele networks as an illuminating case to assess web-
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facilitated networks of crime and deviancy. That is because the possibility to link an online 

promotion of illicit opportunities to offline behaviors enables an assessment of the role of spatial 

proximity and physical space in the formation of web-facilitated networks and behaviors. It is the 

online facilitation of clientele networks that may challenge traditional notions on the spatial 

diffusion of illicit behaviors and deviant norms.   

 

2.4  Deterrence and Crime Opportunities  

While social disorganization, crime opportunity, and spatial networks make explicit 

assumptions about the interconnectivity between crime and place, deterrence theory – as a last 

important theoretical perspective to discuss – is not inherently about place but has important 

implications for place-oriented responses to crime. Deterrence theory builds upon a rational 

choice framework by positing that would-be offenders refrain from crime when they perceive the 

risk of apprehension and legal punishment to outweigh the benefits (Gibbs, 1975; Zimring & 

Hawkins, 1973). In its original formulations, the theory states that increasing the certainty, 

severity, and swiftness of punishments can reduce the attractiveness of engaging in crime (Clarke 

& Cornish, 1985; Cornish & Clarke, 1986). Most contemporary consensus exists on the 

effectiveness of increasing a perceived rather than objective likelihood of detection (Apel, 2013; 

Nagin, 2013a, 2013b; Nagin et al., 2015; Paternoster, 2010).  

When referencing strategies that alter these perceptions of risk, the deterrence literature 

often distinguishes between general and specific deterrence (Cook, 1980). General deterrence 

seeks to influence the perceptions on the likelihood of punishment among a general population, 

and may involve increased penalties, police presence, or traditional crackdowns. Specific 

deterrence targets chronic offenders and seeks to prevent their future offending, for example 
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through strategies that are focused on a group of individuals at higher risk to engage in violence 

(e.g. gang members).     

The effectiveness of altering perceptions of crime risks needs to be understood in relation 

to perceived crime opportunities, which are part of an offender’s decision-making process 

(Cornish & Clarke, 1987; Nagin et al., 2015; Sherman et al., 1989). As was discussed earlier, this 

decision-making process can be structured by specific features of neighborhoods and discrete 

locations (see section 2.2). In particular, crime pattern theory would highlight the choice-

structuring features that signal risk, rewards, or efforts (Brantingham & Brantingham, 2013), and 

routine activity theory highlights the features that facilitate a convergence of offenders and 

suitable targets in time and space (Cohen & Felson, 1979; Felson, 1987; Felson & Cohen, 1980). 

 While a more detailed discussion of crime opportunity theories was included in a 

previous section, it is important to reiterate that these theories attribute a role to formal social 

control mechanisms in reducing crime. Formal social control can be exercised by authorities 

such as specific entities in the criminal justice system, specifically the police who are often the 

first responders to crime problems and whose (symbolic) presence or actions may reduce the 

opportunity for crime. To that end, crime opportunity theories redirect the role of police as 

apprehension agents that seek to alter perceptions of risk by signaling certainty of punishment to 

a role of police as sentinel agents that seek to discourage motivated offenders by affecting the 

distribution of criminal opportunities in a local environment (Eck & Weisburd, 1995; Felson, 

1995). This aligns with the notion of “capable guardians” (Cohen & Felson, 1979) who can 

exercise formal social control to the extent that benefits from crime are no longer proportionate 

to the effort and risks, which includes efforts that alter the underlying causes of crime (Nagin et 

al., 2015; Weisburd & Majmundar, 2018).  

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



41 
 

However, police are traditionally trained as apprehension agents that respond to criminal 

events that have already occurred, and tend to use reactive law enforcement strategies such as 

investigations or rapid patrol, often in response to tips from concerned community members. 

Such responses are also commonly deployed against human trafficking problems. Indeed, the 

police response to IMBs is often delegated to vice units who use sting operations, undercover 

work, or reactive investigations to identify and respond to human trafficking victimizations 

(Farrell, Bright, de Vries, Pfeffer, & Dank, 2019; Farrell, Dank, et al., 2019). These vice tactics 

have received much criticism given concerns about harm to victim-police relationships and the 

reluctance of trafficked persons to self-identify as victims due to complex emotional attachments 

to their exploiter, coping strategies, or distrust toward police (Farrell, Dank, et al., 2019). But, 

even without consideration of the unique nature of human trafficking victimizations, reactive 

police enforcement models have had limited or no effects in part because they are not informed 

by scientific evidence on the nonrandom distribution of crime problems (Nagin, 1998, 2013b).  

Instead, there is ample evidence of the effectiveness of proactive policing strategies that 

are evidence-informed, target specific places or likely offenders, and draw on both the 

prevention mechanism of deterrence and crime opportunity reduction efforts (Weisburd & 

Majmundar, 2018). For example, a systematic review on hot-spots policing indicates that 

problem-oriented policing, which involves an evidence-based model using information about 

where and when crime occurs (Goldstein, Goldstein, & Hill, 1990), generates stronger effects 

than police enforcement alone (Braga, Turchan, Papachristos, & Hureau, 2019). As a more 

specific example, the effectiveness of a focused deterrence strategy like Boston’s Operation 

Ceasefire has been attributed to a combination of traditional and nontraditional policing tactics 

and partnerships with community and social service organizations (e.g. Braga, Hureau, & 
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Papachristos, 2014; Braga, Kennedy, Waring, & Piehl, 2001). In short, powerful crime control 

strategies honor core deterrence ideas, rely on a wide variety of tools, and engage various 

partners in crime control and crime prevention strategies (Weisburd & Eck, 2004).  

 

2.4.1  Deterrence, Crime Opportunities, and the Online Domain 

 While proactive place-based approaches have proven to be effective against various 

crime types that are concentrated at discrete locations (e.g. robbery or gang violence), there is 

little clarity about the impact of general or specific deterrence strategies against online-promoted 

crime problems such as IMBs. Few studies have begun to argue that problem-oriented policing 

strategies cannot readily be applied to cybercrimes (Walker, Brock, & Stuart, 2006), whereas 

others suggest that core deterrence ideas and knowledge about effective policing models can be 

upheld even in an online environment (Williams, 2007). For example, police can use automated 

messaging to signal increased risk of punishment or rely on online “place managers” (e.g. 

website owners) to deny would-be offender’s access to (parts of) websites (Williams, 2007). 

 The focus on offline problems that are online-promoted sets the present study apart from 

the above studies that focus on cybercrimes. When the geography of online-promoted crimes is 

indeed nonrandom and when these crime types are thus intricately linked to place features, 

evidence-informed strategies can target specific places and diminish criminal opportunities in 

these places. Nonetheless, online domains pose a significant challenge to place-based policing 

models. In particular, the relative anonymity of websites can allow them to continue to signal 

illicit opportunities regardless of intensified policing efforts. In addition, these websites provide 

motivational cues for deviant and illicit behaviors, promote demand at virtually any geographic 

span, and aid locational flexibility of offline venues and behaviors.  
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Prior qualitative work about commercial sex and sex trafficking has alluded to these 

challenges. These studies have provided rich accounts of how clientele of IMBs use online 

review boards to search for local illicit opportunities (Holt et al., 2016; Holt et al., 2014). At least 

among an active group of clientele, exposure to these illicit opportunities may be larger than 

direct exposure to risk, making it challenging for any strategy to increase a perception of risk 

disproportionately to illicit opportunities. Furthermore, online domains may aid a collective 

awareness of intensified police monitoring that can further increase the adaptiveness of illicit 

markets to disruptions such as police enforcement actions, for example by clientele temporarily 

displacing to other locations (Holt et al., 2008, 2014). With that in mind, Chapter 5 examines the 

impact of the current response to online-promoted IMBs, and includes a discussion on how 

problem-oriented and place-based approaches may help improve the current response. 
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Chapter 3  Risky Facilities, Crime Opportunities, and Urban Transition: The Case of 

Online-Promoted Illicit Massage Businesses  

Introduction 

 Although cities have had illicit massage businesses (IMBs) throughout decades 

(Armstrong, 1978; Bryant & Palmer, 1975), the growing number of IMBs across cities in the 

U.S. and their connectivity to human trafficking operations has raised recent concerns about 

these venues. IMBs are risky facilities that host a wide range of crime and victimization types. In 

addition to human trafficking, concerns exist about a wide range of other crime types such as 

violence committed by clientele, robberies and organized crime (Dank et al., 2014; Polaris, 

2018). These problems occur in stationary locations such as physical storefronts, yet the demand 

for illicit services such as commercial sex is now fueled by online classifieds, reviews, and 

forum posts. These online platforms provide clientele access to the locations of IMBs in virtually 

any neighborhood. However, it is unclear whether this online promotion means that IMBs 

become “spatially unbounded”, that is disconnected from physical space. To that end, this study 

seeks to understand which spatial and geographic mechanisms drive online-promoted IMBs to 

particular neighborhoods.  

 In doing so, this study relies on socio-ecological and situational theory that have also 

guided previous studies on the location of risky facilities (e.g. Bowers, 2014; Eck et al., 2007; 

Roncek, 1981; Roncek & Maier, 1991; Wilcox, Quisenberry, Cabrera, & Jones, 2004). In 

particular, social disorganization theory puts emphasis on the neighborhood features that 

challenge a community’s ability to maintain social ties and informal social control to prevent 

crime within their neighborhoods (Shaw & McKay, 1942, 1969). In addition, crime opportunity 

perspectives focus on the physical and social characteristics, often at discrete locations, that 
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signal illicit opportunities and facilitate a convergence of motivated offenders and suitable 

targets under weak capable guardianship (Cullen, 2010; Felson & Clarke, 1998; Wilcox & 

Cullen, 2018). Recent work has called for an integration of both social disorganization and crime 

opportunity theories, in particular because socio-economic neighborhood dynamics can provide 

the context for local illicit opportunities (Smith et al., 2000; Weisburd et al., 2014; Wilcox & 

Land, 2017).  

 While these theories have guided decades of research about the spatial concentration and 

variability of crime within cities, it is important to assess whether traditional assumptions of 

crime and place continue to apply to risky facilities and crime events that are promoted by online 

media. That is because online domains allow for the travel of information about illicit 

opportunities through which crime can diffuse across large geographic span (Holt, 2013; Wall, 

2007). This may reduce a dependency on specific environmental conditions, yet it remains 

unclear whether online-promoted types of crime and deviancy emerge in theoretically 

unanticipated areas.   

 Therefore, the present study extends the testing of theoretical concepts from both social 

disorganization and crime opportunity theories to the context of online-promoted IMBs. The 

analyses draw on user-generated review boards, which are online platforms where clientele post 

and read reviews about illicit sexual services in IMBs, to gather and analyze the locations of 

online-promoted IMBs in 4,318 census tracts across 104 medium-sized and large cities. These 

data were merged with geospatial and population data and analyzed through multilevel logistic 

regression models. The analyses examine why an IMB was placed at a specific location as a 

function of neighborhood processes and city contexts. The city-level context is important 

because the geography of crime can differ by city size (e.g. Hipp, Wo, & Kim, 2017), and the 
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response to IMBs is often initiated by city authorities and involves the closure of parlors, 

clientele arrests, or police investigations into sex trafficking or related crimes (Polaris, 2018).  

 The findings provide a comprehensive view of the neighborhood features that are 

associated with the presence of online-promoted IMBs. As such, it seeks to provide new 

theoretical leads for the role of online domains in adjusting traditional assumptions about which 

physical features of neighborhoods attract crime facilities. Knowing about the geographic 

correlates of online-promoted crime problems provides policy-relevant insights as to where 

place-based crime prevention and control strategies may be effective. As such, the findings have 

implications for situational crime prevention, local level urban planning efforts, and awareness-

raising strategies. The following sections begin with a review of the literature on social 

disorganization and crime opportunities, followed by a set of hypotheses outlined for the current 

study. After introducing the data and methods, the findings from a multilevel model will be 

presented. The study concludes with a discussion of the theoretical and practical implications of 

the study. 

 

Risky Facilities and the Case of Illicit Massage Businesses 

 IMBs are both crime absorbers and potential crime generators. That is because they are 

not only a venue for commercial sex and human trafficking, but can also attract a wide range of 

other illegitimate activities such as robberies, organized crime, and money laundering activities 

(Dank et al., 2014; Huff et al., 2018; Polaris, 2018). Furthermore, recent work suggests that 

IMBs or other sexually-oriented premises have the potential to increase overall levels of 

neighborhood crime and disorder (Huff et al., 2018). These crime-absorbing and crime-
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generating effects align with the “risky facilities” terminology that describes facilities such as 

nightclubs, dance halls, red light districts, or pubs and taverns (e.g. Bowers, 2014).  

 These risky facilities are of concern when they host (i.e. absorb) or increase (i.e. 

generate) crime in their immediate neighborhoods (e.g. Bowers, 2014; Eck et al., 2007; Roncek, 

1981; Roncek & Maier, 1991; Wilcox et al., 2004). For example, places such as banks, bars, gas 

stations, or sports facilities have shown to be at increased risk to crimes such as burglaries when 

they are located in popular areas where they are more likely to feature in the collective awareness 

spaces of offenders (Brantingham & Brantingham, 2013; Eck et al., 2007). In addition to an 

internal risk of crime, a study covering 25,000 blocks in Chicago found that risky facilities such 

as bars and nightclubs attracted more robberies (Bernasco, Block, & Ruiter, 2013). More 

pertinent to the present context, facilities such as strip clubs or adult shops have been associated 

with higher violent, property, disorder, and total amount of crime at both the specific locations of 

these businesses and in their neighborhoods (Edwards, 2010; Tewksbury & McCord, 2014).    

 Although IMBs differ from risky facilities such as pubs and taverns because their 

inherent purpose is to offer illicit services, the systematic nesting of these establishments in 

certain neighborhoods might be driven by the same processes that attract other risky facilities. 

The literature on risky facilities has overwhelmingly drawn on theories about the geographic 

distribution of crime within cities to explain where, why, and when risky facilities host or 

generate disorder and crime (Eck et al., 2007; Roncek & Maier, 1991; Roncek & Pravatiner, 

1989; Sampson & Raudenbush, 1999; Wilcox et al., 2004). These theories merit relevance in the 

context of IMBs given the geographic correlates of IMBs that have been identified in prior 

studies. For example, recent studies have suggested a clustering of IMBs in proximity to central 

business districts or non-residential areas (Chin, Kim, Takahashi, & Wiebe, 2015; Chin et al., 
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2019; Crotty & Bouché, 2018), perhaps because of resident objections to sex-related crimes, 

immorality, and public nuisance associated with these places (Hubbard, Boydell, Crofts, Prior, & 

Searle, 2013; Hubbard, Matthews, & Scoular, 2009; Prior & Crofts, 2012). In addition, when 

IMBs are located in retail areas, this can be a strategy to benefit from business incentives and a 

shared pool of clientele from shopping malls, high-traffic areas, or restaurants and coffeeshops 

(Chin et al., 2019; see, in the context of illicit retail markets, Eck, 1995b). IMBs have initially 

been linked to relatively deprived areas (Chin et al., 2015), although later studies suggested a 

greater likelihood of IMBs in populous and affluent areas (Chin et al., 2015; Chin et al., 2019).  

 Furthermore, prior work has identified a significant spatial concentration of IMBs in 

cities in California and Texas (Chin et al., 2019; Crotty & Bouché, 2018), in spite of other 

studies noting the possibility that illicit markets avoid a spatial concentration to limit local 

competition, minimize law enforcement attention (a clustering of illicit facilities is difficult to 

hide), or as a means to culturally and linguistically isolate immigrant female workers, the latter 

of which can increase their vulnerability, and thwart the development of social ties among 

workers across IMBs (Chin et al., 2019; see, in the context of illicit markets generally, Eck, 

1995b). It can also be argued that the online promotion of IMBs increases locational flexibility of 

commercial sex venues (Venkatesh, 2011), which possibly further reduces the need for these 

venues to be spatially proximate to each other in order for clientele to find them.  

 While demonstrating a systematic nesting of IMBs in particular neighborhoods, none of 

these prior studies on IMBs have systematically explored the issue through the lens of 

criminological theory. A criminological perspective on the location of IMBs is necessary given 

the documented crime and victimization in these places and to avoid that common geographic 

correlates of crime are overlooked. The following sections introduce social disorganization and 
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crime opportunity theoretical perspectives that guide this study’s analyses on the spatial and 

geographic distribution of online-promoted IMBs.  

 

Urban Transition and Social Disorganization  

 Commercial sex establishments or illicit vice areas were central to early theoretical 

developments of criminological and sociological perspectives on crime and place. Specifically, 

Park and Burgess’ work stems from field research related to Chicago’s vice districts and dance 

hall patrons in addition to immigrant and African-American communities, apartment house 

dwellers and various other populations (Heap, 2003; Park & Burgess, 1924; Reckless, 1925). 

Through observations of the types of areas where these behaviors and populations were 

concentrated, Park and Burgess mapped the socio-economic process of a city into distinct 

“natural areas” that were thought of as representing a natural, ecological growth of the city at the 

time (Park, 1926, p. 8). These natural areas were formally articulated in the concentric zone 

model, which depicted areas from the Central Business District (Zone I) to the Zone in 

Transition (II), the Working Class Zone (III), the Residential Zone (IV), and the Commuters’ 

Zone (V) (Park & Burgess, 1924). Altogether, these zones were presented as an outward 

progression of less crime, disorder or nonnormalities. Like most crimes and social deviancies, 

illicit and nonnormative sexual behaviors were presumed to be confined to the inner-transitional 

zones that experienced a rapidly changing socio-economic landscape and intensified levels of 

poverty (Park & Burgess, 1924; Reckless, 1925). In contrast, crime and disorder was assumed to 

be less prevalent in zones further away from a central business district (Park & Burgess, 1924).  

 The work of Park and Burgess is important to mention not only because of the historical 

link with commercial sex establishments, but also because the neighborhood features associated 
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with crime in transitional zones have been integrated as popular components in theoretical and 

empirical inquiries on crime in subsequent decades (Veysey & Messner, 1999). In particular, 

social disorganization theory (Shaw & McKay, 1942, 1969) focused on three structural 

neighborhood features that Park and Burgess had observed in transitional zones: low 

socioeconomic status, population heterogeneity, and residential mobility. Shaw and McKay  

(1942, 1969) hypothesized that these neighborhood dynamics would indirectly cause crime 

through reduced levels of informal social control. Indeed, rapid changes to a community 

resulting from residential turnover or heterogeneous settings4 might reduce the potential for 

social relations and interactions, which can make it less likely that neighbors would act upon a 

set of shared values to call out deviant behaviors and crime.  

 Although the mechanisms through which these neighborhood features would contribute 

to crime have long remained unclear (Bursik, 1988; see also Kubrin & Weitzer, 2003), the work 

of Sampson and colleagues (Sampson & Groves, 1989) identified the role of collective efficacy 

as the key factor that links relative deprivation to crime. Collective efficacy was defined as the 

“social cohesion among neighbors combined with their willingness to intervene on behalf of  the 

common good” (Sampson et al., 1997, p. 918). Later empirical work has largely supported the 

role of low levels of collective efficacy as a key mechanism that mediates the effects of structural 

socio-economic conditions on neighborhood-level crime (Sampson, 2006). Several other 

refinements to the theory have been made, in part to acknowledge that contemporary cities are 

structurally different from Chicago in the 1940s that provided the historical context for the 

 
4 It is important to note that the theorized link between population heterogeneity and crime has 

received scrutiny and mixed empirical support. Its inclusion in empirical work needs a nuanced 

interpretation where racial or ethnic communities are not inherently linked to crime but where 

mixed populations can be associated with limited opportunities for social interactions resulting in 

lower social control or guardianship (Bursik, 1988; Kubrin & Weitzer, 2003). 
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development of the theory (Bursik, 1988). For example, studies have accounted for structurally 

changing cities by adding variables such as urbanization or gentrification (Sampson & Groves, 

1989; Veysey & Messner, 1999). These processes may create sharp income inequalities between 

the relative wealth from businesses districts with lower incomes, creating an overall situation of 

relative deprivation (Hipp & Kubrin, 2017; Morenoff et al., 2001). 

 One may question the applicability of social disorganization theory to crime problems in 

the 21st century because many social interactions move toward the online domain, which has 

potential implications for neighborhood-level socio-economic processes. While little research 

has directly examined social disorganization theory against the background of online 

interactions, recent work by Sampson (2017) is suggestive of the continued importance of social 

disorganization theory in a digital age. Sampson argues that online interactions tend to reflect 

offline empirical realities, including structural inequalities that have shaped America’s urban 

landscape throughout history (Sampson, 2017, p. 8958). Thus, even though neighborhoods 

constantly change, and online domains can further induce such changes, social interactions 

continue to be divided by demographic and socio-economic backgrounds. This implicates that 

factors associated with social disorganization, including residential mobility, inequality, and 

instability, likely continue to drive the geographic distribution of crime within cities. Sampson’s 

work aligns with a broader range of studies that have suggested that our communication, both 

online or offline, is divided along demographic and socio-economic lines (Castells, 1996, 2002). 

The extent to which online domains affect the local geography of IMBs is yet unclear. That is 

because IMBs are promoted by online classifieds and review boards that have the explicit 

purpose to facilitate crime and deviancy. Although clientele can use the internet to identify IMBs 
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in virtually any neighborhood, it is unclear whether this online promotion implies a disconnect 

between the local presence of IMBs and neighborhood processes.  

 

Crime Opportunities 

 Another foundational set of theories that is commonly used to explain the nonrandom 

distribution of crime within cities are crime opportunity theories (Cullen, 2010; Felson & Clarke, 

1998; Wilcox & Cullen, 2018). Three crime opportunity theories are commonly included in the 

literature on crime and place, all of which share the purpose to identify where and under which 

circumstances crime events occur (Natarajan, 2017). First, rational choice perspectives rely on an 

economic rationale and a choice framework within which motivated offenders work to weigh 

benefits against risks of crime (Clarke & Cornish, 1985; Cornish & Clarke, 1986, 2017). Second, 

routine activity theory situates these motivated offenders within a triangle of actors that also 

includes potential victims and capable guardians (Cohen & Felson, 1979; Felson, 1987; Felson & 

Clarke, 1995; Felson & Cohen, 1980). Capable guardians can be any individual or organization 

with the ability to exercise formal social control, such as police. Crime events are then 

hypothesized to occur under the circumstance that behaviors of motivated offenders and suitable 

targets converge in time and space under weak capable guardianship (Clarke, 1995; Cohen & 

Felson, 1979; Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980). Third, crime pattern 

theory puts emphasis on the spatial and physical cues that influence a would-be offender’s 

assessment of risks and opportunities of crime and victimization (Brantingham & Brantingham, 

1993, 2013). For example, street permeability or street accessibility can facilitate offender 

mobility and provide an easier getaway or access to crime (e.g. Hipp & Williams, 2019). 
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 Although crime opportunity theories are frequently measured at microgeographic units 

such as blocks or street segments (Weisburd, 2015; Weisburd et al., 2004), crime opportunity 

theories merit attention in the context of the current study that focuses on neighborhoods. This is 

because prior work has suggested that IMBs might indeed concentrate in areas where the 

demographics and socio-economic features represent a greater likelihood for clientele and 

suitable targets to converge under the least chances of detection (Chin et al., 2019; Crotty & 

Bouché, 2018). This can be in populous and legitimate surroundings, where IMBs can create and 

maintain a marketplace while avoiding attracting suspicion. This would align with Eck’s 

application of routine activity theories to illicit retail market places (Eck, 1995b). According to 

Eck (1995b), areas that attract illicit retail markets are accessible and known to both buyers and 

sellers, yet suffer from limited oversight by local place managers such as landlords turning a 

blind eye for crime events. In a similar vein, easy access points such as proximity to businesses 

districts (see Crotty & Bouché, 2018), bus or subway stops, or proximity to a freeway may also 

increase the pool of potential customers who come across IMBs in routine travels to and from 

work. Altogether, the importance of such infrastructural cues would also align with the literature 

suggesting that criminogenic opportunities might emerge along major nodes of activity such as 

shopping centers, employment areas, or other places where people naturally concentrate 

(Brantingham & Brantingham, 2013; Eck et al., 2007; Felson, 1987; Hipp & Williams, 2019).  

 Whereas crime opportunity theories provide suitable explanations for the locations of 

illicit marketplaces (Eck, 1995b), and may therefore also drive the geography of IMBs, it is 

unclear how online domains replace, reinforce, or supplement environmental conditions that 

exhibit crime opportunities. Recent work has extended the testing of crime opportunity 

theoretical concepts to online domains, albeit this has mostly been done in the context of 
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cybercrimes that are fully committed in a virtual environment. For example, studies have begun 

to examine decision-making processes of offenders using their communication on crime-oriented 

websites that can contain “crime scripts” (Holt, 2013, p. 2016) and provide motivated offenders 

the necessary information, justification, or encouragement to engage in crimes such as online 

frauds, cyberstalking, or online piracy (Clarke, 2004; Yar, 2005). In addition to cybercrimes, a 

few studies have relied on situational crime prevention or routine activity theory to explore 

online behaviors and profiles of crime and deviancy groups that use the internet to engage in 

illicit behaviors offline, such as buyers of commercial sex (Blevins & Holt, 2009) or gangs 

(Decker & Pyrooz, 2012; Pyrooz et al., 2015). However, limited knowledge exists about the 

offline geographical distribution of crimes and deviant behaviors by such groups.  

 

Integrating Crime Opportunities and Social Disorganization  

 Whereas social disorganization and crime opportunity theories have long been considered 

as inherently different theories with different explanatory and geographic foci, the shared 

emphasis on environmental conditions contributing to crime may suggest that the theories 

together can strengthen explanations of the geographic distribution of crime within cities (see, 

for a more comprehensive discussion, Braga & Clarke, 2014; Smith et al., 2000; Weisburd et al., 

2014; Wilcox & Land, 2017). In particular, recent work has begun to show that neighborhood 

dynamics can both contextualize and supplement crime opportunity theories in explanations of 

where crime occurs (Weisburd et al., 2014; Wilcox & Land, 2017; Wilcox et al., 2003). For 

example, in a study on automobile thefts in blocks of a large southeastern U.S. city, Rice and 

Smith (2002) showed that a broader set of ecological and situational variables based on both 

social disorganization and routine activity theories improved the explanatory power of their 
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models, albeit social disorganization was most predictive of automobile theft. Similarly, in a 

longitudinal study on property and violent crime in Seattle street segments, Weisburd, Groff and 

Yang (2012) found significant effects and an overall improved model fit for both routine 

activities and social disorganization measures. Here, routine activities had stronger and more 

consistent effects on street-level crime. More recently, Jones and Pridemore (2019) analyzed data 

about street segment counts of violent and property crimes from Lexington, Kentucky and found 

support for both routine activity and social disorganization theories, but a neighborhood context 

moderated the effects of street segment level opportunity and social disorganization.  

 A theoretical integration seems particularly necessary in the context of online-promoted 

IMBs because it may help understand how services of oftentimes more marginalized 

communities meet the demand of more advantaged clientele (Chin et al., 2019; Polaris, 2018). 

More precisely, the combination of both theories would help evaluate whether IMBs are located 

in areas that feature the relative deprivation among marginalized communities versus areas that 

feature illicit opportunities for clientele who can now identify the locations of IMBs through 

online platforms. While both social disorganization and crime opportunity theories offer clear, 

integrated, and empirically-supported theoretical frameworks, it remains empirically unclear 

which spatial and geographic features attract online-promoted problems such as IMBs. 

 

Current Study 

 The current study integrates concepts from social disorganization and crime opportunity 

theories to examine which neighborhood-level conditions directly affect the likelihood of IMBs 

within cities in Massachusetts, Texas, and Washington. These states were selected to allow for a 

comparison across three geographically and socio-economically distinct states where a 
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significant amount of attention and resources has been devoted to the issue of IMBs (Polaris, 

2018). Because social disorganization and local crime opportunities may operate differently 

across city contexts and the response to IMBs is often initiated at city level, this study assesses 

the local geography of IMBs as a function of both neighborhood- and city- level features.  

 Three interrelated hypotheses are being examined. First, it is hypothesized that IMBs are 

more likely in socially disorganized neighborhoods as observed through concentrated 

disadvantage, residential instability, population heterogeneity and income inequality. Social 

disorganization would explain the presence of IMBs in these areas through reduced levels of 

informal social control as well as by featuring the socio-economic situation of a population that 

depends on the income from IMBs. Second, it is hypothesized that neighborhoods attract IMBs 

when they meet the routine travels and behaviors of clientele, for example in areas with a 

relatively larger male population, that are easily accessible through a highway, and retail areas. 

Third, it is expected that stronger police presence reduces the likelihood of IMBs both in 

neighborhoods and cities. The city-level context is particularly important given that the response 

to IMBs has predominately been initiated at city level, by law enforcement, municipalities or 

other authorities that are concerned with the presence of IMBs (Polaris, 2018).   

 

Methods 

Data 

 The locations of IMBs were retrieved from one of the most popular national review 

boards. 5 Information about a total of 1,863 IMBs with reviews between 2015 and 2017 was  

 
5 The web address is not provided in an effort to preserve some confidentiality of commercial sex 

providers, website users, and locations where potential victimizations occur. 
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obtained for Massachusetts (N=377), Texas (N=1,064), and Washington (N=422).6,7 Online 

samples may not be representative of all IMBs, although this would only bias the findings when 

missing establishments were located at systematically different geographies. While more 

research needs to be conducted to evaluate the empirical representativeness of online samples, 

the digitized and detailed nature of the current sample provides for a theoretically relevant 

sample of IMBs where indications of commercial sex were observed, reducing the false positives 

(legitimate massage therapy flagged as IMBs) to a minimum. 

 The addresses of 99% of the facilities (N = 1,854) were successfully geocoded to the 

2017 census tracts and place shapefiles from the United States Census Bureau. Census tracts are 

small geographic areas with an average population size of approximately 5,000 residents and are 

frequently the unit of analysis for ecological theories of crime (e.g. Morenoff et al., 2001; 

Peterson & Krivo, 2009; Schaefer, 2012). When census tracts intersected with multiple cities, 

tracts were geocoded to the cities with which they had the largest spatial overlap to avoid 

duplicates. Furthermore, because social disorganization and crime opportunity theories have 

been developed and most frequently tested in urban contexts, the sample of the present study was 

reduced to census tracts in cities that had a minimum population size of 50,000. While still 

maintaining variation across medium-sized and larger cities, this threshold also avoids a reverse 

nesting of small towns in larger census tracts (e.g. in rural areas). This resulted in a sample of  

4,531 census tracts in 115 cities.8  

 
6 These years represent a more active and recent use of the website: About 81% of all online-

promoted IMBs between 2011 (the start of the website) and 2017 had reviews in 2015-2017.  
7 This is the number of IMBs after manual checks for potential duplicates. IMBs that shared 

addresses and a strong similarity in names were considered duplicates. IMBs that shared 

addresses but had different names, re-opened using different names, or were located in the same 

building with other IMBs were not considered duplicates.  
8 Census tracts without population were excluded from the analyses. 
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 Information about the presence of IMBs was merged with geographically and, as far as 

possible, time-matching geospatial and population data for census tracts and cities. On census 

tract level, this included 1) demographic and socio-economic data from the 2013-2017 American 

Community Survey (ACS), which was downloaded from the National Historical Geographic 

Information System (Manson, Schroeder, Van Riper, & Ruggles, 2018); 2) spatial adjacency and 

distance measures calculated from the census tracts shapefiles; 3) the geographical coordinates of 

police stations in the three states using Google’s Place Application Programming Interface 

(API), which were geocoded to the census tracts shapefiles; and 4) OpenStreetMap (OSM) to 

obtain comparable land use information across the three states (retail, commercial, residential, 

and industrial land use).9 City-level demographic and socio-economic data were also obtained 

through the 2013-2017 ACS, in addition to 1) information about the number of fulltime police 

employees with arrest power from the 2017 Census of Governments10; and 2) crime arrest data 

from the 2016 Uniform Crime Reporting (UCR) Program (Kaplan, 2018). After accounting for 

missing information, a total of 4,318 census tracts in 104 cities were retained in the final 

analytical sample. These cities had a total of 1,368 IMBs with reviews between 2015 and 2017. 

  Figure 1 shows the distribution of census tracts with IMBs versus those without IMBs 

across cities. A larger darker-marked bar indicates a greater absolute number (left) or relative 

 
9 OpenStreetMap (OSM) is an open-source collaborative platform containing geospatial data. 

While not including the precise land use estimates, OSM has been cited for its relative reliable 

presentation of street maps and land use (e.g. Arsanjani, Mooney, Zipf, & Schauss, 2015).  
10 Another commonly-used source of organizational information about law enforcement agencies 

is the Law Enforcement Management and Administrative Statistics (LEMAS), coupled with the 

Census of State and Local Law Enforcement Agencies (CSLLEA). However, at the time of this 

research, the most recent years covered by these datasets were 2013, and 2008, respectively. In 

addition, these data do not distinguish between police employees with and without arrest power. 

These limitations, while oversee-able in many analyses, motivated the use of the census 

government employees dataset (2017) in the current study. Data were obtained for municipalities 

and townships. 
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proportion (right) of census tracts that had IMBs compared to census tracts that did not have 

IMBs. Following these figures, there is variability of census tract exposure to IMBs across cities, 

which supports the notion that the city-level context needs to be considered when explaining the 

local presence of IMBs.  

 

Figure 1 Census Tracts With and Without IMBs: n (left) and % (right). 

 

 

 

 

 

 

 

 

 

 

Note. Every bar represents one city (marked by its index). N = 104. 

 

Outcome Measure  

 The dependent variable represents whether or not a census tract had at least one IMB that 

was reviewed between 2015 and 2017 (1 = ‘Yes’). Nearly a fifth of the census tracts (18.50%, n 

= 799) had at least one IMB (see Table 1). Most of these occupied census tracts had one IMB 

(n=527), compared to census tracts that had two (n=154), three (n=56), four (n=27), or more than 

five (n=35) IMBs.  
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Tract-Level Covariates  

 Social Disorganization: The analyses included four measures as proxies for social 

disorganization: Concentrated Disadvantage, Residential Instability, Racial/Ethnic 

Heterogeneity, and Income Inequality. Concentrated Disadvantage is included as an indicator of 

local economic deprivation and was calculated by standardizing the averaged sum of the 

following standardized variables: percent families with an income below the poverty level; 

percent female-headed households with children; and percent of the tract population age 25 and 

older that was unemployed. Cronbach’s alpha between these three standardized items was 0.77 

(95% CI [0.76, 0.78]). Residential Instability was measured through the sum of the following 

standardized variables: percent renters, percent of the population that changed houses in the past 

year (Cronbach’s alpha was 0.78, 95% CI [0.76, 0.79]). Racial/Ethnic Heterogeneity was based 

on Blau’s (1977) index, calculated as 1 - ∑ 𝜋2, where 𝜋 refers to the proportion of each racial or 

ethnic group. A higher index represents a greater population heterogeneity, which for the current 

sample ranged between 0 (tract contains only one racial or ethnic group) to 0.803 (substantive 

population heterogeneity). The average was 0.478 (𝑠𝑑 = 0.181). Income Inequality was included 

as the standard deviation of the household incomes in the past twelve months, calculated using 

the midpoints of each census-provided income bin. These midpoints were log-transformed and 

multiplied by the number observations in each bin such that means and standard deviations could 

be calculated (see Hipp & Kubrin, 2017). A higher standard deviation represents greater 

variation in mean income levels within census tracts. The average was 1.050 (𝑠𝑑 = 0.259). 

 Crime Opportunities:  Four theoretical constructs were created based on crime 

opportunity theoretical perspectives that argue that the features of certain locations provide 

favorable conditions for crime and deviancy. First, as a measure of plausible motivated 
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offenders, the percent Male of a population was included as a proxy for clientele demand for 

sexual services in IMBs (�̅� = 0.494, 𝑠𝑑 = 0.042). Second, ease of access to IMBs was included as 

a binary variable that represents whether or not a primary road (e.g. interstate highway) runs 

through a census tract (1 = ‘Yes’). This was the case for 1,198 census tracts (27.744%). Third, to 

assess whether IMBs were systematically located around allied, legitimate businesses, possibly 

to benefit from a shared pool of clientele or workers, or to minimize suspicion by authorities, a 

set of four binary variables were included that indicate whether or not a census tract had a higher 

percentage of commercial, retail, residential, or industrial land use than the city’s average (1 = 

‘Yes’). These binary measures were preferred instead of more common measures representing 

percentage land use because of substantial spatial differences in tract size. Because the size of 

census tracts is determined by the number of residents, smaller cities tend to have spatially larger 

census tracts. This has complications for the calculation of land use measures. For example, a 

retail center of a small city may account for only a small percentage of a census tract whereas an 

equally-sized retail center of a big city more likely accounts for a bigger percentage of a census 

tract. Most census tract were residential areas (N = 1,322, 30.62%), followed by retail centers (N 

= 833, 19.29%), commercial centers (N = 586, 13.57%), and industrial centers (N = 448, 

10.38%). Fourth, to account for local guardianship, a binary variable representing whether or not 

a census tract was within one mile from a police station (1 = ‘Yes’) was included. Using the 

geosphere package in R (Hijmans, 2019), this measure was calculated using the shortest distance 

from a tract centroid to the nearest police station. A total of 1,167 census tracts (27.03%) were 

within one mile of a police station. 
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Table 1 Descriptive Statistics for Tracts and Cities 

 Measure Descriptive Statistics 

  �̅� / N sd / % Range  

 IMBs (1 = ‘Yes’) 799 18.504 - 

Tracts 

 

 

 

 

 

Population (log)  

Concentrated Disadvantage 

Residential Instability 

Racial/Ethnic Heterogeneity 

Income Inequality  

% Male  

Primary Road through Tract   

Commercial Center 

Retail Center 

Residential Center  

Industrial Center 

Police Within Mile 

8.423 

0 

0 

0.478 

1.050 

0.494 

1,198 

586 

833 

1,322 

448 

1,167 

0.543 

1 

1 

0.181 

0.259 

0.042 

27.744% 

13.571% 

19.291% 

30.616% 

10.375% 

27.026% 

2.485 – 10.774 

-1.784 – 7.359 

-2.012 – 5.761 

0.000 – 0.803 

0.000 – 10.389  

0.293 – 1.000 

- 

- 

- 

- 

- 

 -  

Cities City Size > 100,000 

Police Agency Size (per 1,000)  

Violent Crime Arrests (per 1,000) 

Prostitution Arrests  (per 1,000) 

MA 

TX  

WA 

47 

1.717 

5.202 

0.096 

22 

63 

19 

45.192% 

0.484 

3.024 

0.171 

21.154% 

60.577% 

18.269%  

- 

0.824 – 3.764 

0.620 – 18.279 

0.000 – 0.818 

- 

- 

- 

 

City-Level Covariates  

 Several covariates were included on city-level. First, the analyses controlled for city-level 

population to account for the different city sizes included in the sample. This was accounted for 

as a binary variable representing whether or not (1 = ‘Yes’) a city had a population of 100,000 or 

more (City Size). This variable was included to control for nesting of IMBs in smaller cities, 

where theoretical mechanisms might work differently than in larger cities that have received 

more theoretical and empirical attention. The sample concerns 47 large cities versus 57 medium-

sized cities. Agency Size was included as the total fulltime officers with arrest power, which on 

average was 1.717 officers per capita (𝑠𝑑 = 0.484). In addition, Violent Crime Arrest Rates were 

included and covered arrests for murder, manslaughter, rape, robbery, and assault (�̅�  = 5.202;  
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𝑠𝑑 = 3.024). Lastly, the number of Prostitution Arrest Rates per capita was included to control 

for variation in police focus on prostitution-related crimes and victimizations (�̅�  = 0.096;  𝑠𝑑 = 

0.171). Lastly, the analyses account for whether cities were in Massachusetts (N = 22, 21.154%) 

or Washington (N = 19, 18.269%) as opposed to Texas, which was the reference category (N = 

63, 60.577%). 

 

Analytic Approach 

 Hierarchical generalized linear modeling for binary outcomes was used to estimate the 

odds of an IMB in a given census tract as a function of the socio-economic features of that tract  

and city-level variables. Multilevel techniques do not violate the assumption of independent error 

terms and are more appropriate than fixed-effects models that would not allow for estimating 

city-level effects (Raudenbush & Bryk, 2002). To validate the relevance of a multilevel model, 

an unconditional model, without the independent variables, was estimated to assess whether the 

odds of an IMB in a census tract (level one, i) depends on the city (level two, j), such that:  

 

(1) Level 1: 𝑦𝑖𝑗 = 𝛽0𝑗  + 𝑟𝑖𝑗  

(2) Level 2: 𝛽0𝑗 =  𝛾00  +  𝜇𝑜𝑗   

(3) Mixed: 𝑦𝑖𝑗 =  𝛾00  +  𝜇𝑜𝑗 + 𝑟𝑖𝑗 

 

Here, the error terms are denoted with r for the census tracts and 𝜇 for the cities. Additionally, 

𝛽0𝑗 is the intercept that represents the average likelihood of an IMB in a city, and 𝑦00 is the 

overall intercept. A Likelihood Ratio Test comparing the unconditional model with an intercept-

only logistic regression confirmed that the unconditional model was a significantly improved fit 

to the data (p < 0.001). Because a logistic distribution has a variance of 
𝜋2

3
, the between-city 
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variance of 0.731 corresponds with an approximation of an intra-class correlation (ICC) 

of  
0.731

0.731 + 𝜋2 / 3 
 = 0.182. This means that 18.2% of the reliable variation in the outcome is 

attributable to city-level variation.  

 Next, the impact of level-one (X) and level-two (Z) variables will first be estimated in two 

separate models and then jointly in a combined model as follows:  

(4) Level 1 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝑦𝑖𝑗 = 𝛽𝑜𝑗  + ∑ 𝛽𝑡0
𝑋𝑡𝑖𝑗

𝑇

𝑡 = 1

+ 𝜇𝑜𝑗  +  𝑟𝑖𝑗 

(5) Level 2 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝛽𝑜𝑗 = 𝛾00  + ∑ 𝛾0𝑐
𝑍𝑐𝑖𝑗

𝐶

𝑐 = 1

+ 𝜇𝑜𝑗 

(6) Level 1 and 2 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝛽𝑜𝑗 = 𝛾00  + ∑ 𝛽𝑡0
𝑋𝑡𝑖𝑗

𝑇

𝑡 = 1

 + ∑ 𝛾0𝑐
𝑍𝑐𝑖𝑗

𝐶

𝑐 = 1

+ 𝜇𝑜𝑗  + 𝑟𝑖𝑗 

Here, T refers to the census tracts for which the impact of variables X will be estimated. C refers 

to the cities for which the contextual effect of variables Z will be estimated. Continuous variables 

were grand-mean centered to avoid multicollinearity between the independent variables and the 

intercept, and to facilitate interpretation such that each main effect can be interpreted as the 

effect of a variable when other variables were at their means of zero. Analyses were conducted in 

R (R Core R Core Team, 2019) using the lme4 package for multilevel modeling (Bates, 

Maechler, Bolker, & Walker, 2015).   

 

Findings 

Geographic Correlates Associated with the Locations of IMBs   

 Table 2 presents the Odds Ratios (ORs) and 95% confidence intervals from the multilevel 

models. ORs above one can be interpreted as an increased likelihood of IMBs for a census tract 
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in a given city whereas ORs less than one indicate a decreased likelihood. Model 1 presents the 

findings of a mixed model (equation 6). Largely consistent with social disorganization theory 

(hypothesis 1), an IMB was between 1.5 and 6 times more likely in census tracts with increased 

population (OR = 1.579, 95% CI [1.315, 1.897]), residential instability (OR = 1.278, 95% CI 

[1.158, 1.411]), population heterogeneity (OR = 5.749, 95% CI [3.078, 10.736]), and income 

inequality (OR = 1.578, 95% CI [1.071, 2.325]). These findings confirm the idea that several 

features of transition zones, especially population heterogeneity, were associated with an 

increased presence of risky facilities. However, the negative impact of concentrated disadvantage 

contradicts prior work on neighborhoods and crime and here suggests that IMBs were less likely 

to be found in disadvantaged areas (OR = 0.644, 95% CI [0.572, 0.725], which equals a 

decreased odds of 35.6%). In addition, two effects are consistent with crime opportunity 

theoretical perspectives (hypothesis 2). First, IMBs were more likely to be found around 

legitimate businesses, in retail centers (OR = 1.603, 95% CI [1.291, 1.993]). Second, census 

tracts that were easily accessible through primary roads were also more likely to attract IMBs 

(OR = 1.221, 95% [1.007, 1.482]).     

 While corroborating several aspects of social disorganization and crime opportunity 

theories, the impact of police presence is less clear (hypothesis 3). Surprisingly, a police station 

within a mile distance increased the odds for a census tract to have IMBs, by a factor of 1.252 

(95% CI [1.018, 1.542]. However, this effect was more pronounced in smaller cities as follows 

from Model 2 that adds an interaction term between the presence of a police station within a mile 

distance and a binary variable representing city population size that was larger than 100,000. To 

aid the interpretation of this interaction effect, Figure 2 presents the marginal effects of the 

interaction term. It follows from the figure that, at least in small cities, neighborhoods within a 
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mile distance of a police station were also the neighborhoods that were more likely to have 

IMBs, compared to the neighborhoods that were at least a mile away from a police station. In 

larger cities, a police station had little effect on the presence of IMBs.  

 Similarly, a larger city-level police force with arrest power did not seem to influence the 

local likelihood of IMBs. However, it is important to note that the effect of police presence may 

depend on how police are deployed rather than the number of police officers. An important 

factor on city-level was violent crimes per capita, which had a negative impact on the odds for a 

tract to have IMBs. An increase in the per capita number of violent crimes was associated with a 

decreased likelihood of IMBs by a factor of 0.907 (95% CI [0.848, 0.969]), equaling a decrease 

of nearly 10%. Lastly, the odds for a neighborhood to have IMBs were higher in Washington, 

compared to Texas. There were no significant differences between Massachusetts and Texas. 

 

Figure 2 Marginal Effects of the Interaction between Police Mile Away and City Size  
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Sensitivity Analyses 

 To assess the rigor of the findings, a spatial lag of the residual errors from Model 2 was 

added in sensitivity analyses to control for dependence of errors in the regression models. To 

determine if spatial autocorrelation between census tracts was present, a Moran’s I using the 

residual errors was calculated for each city separately. Spatial weight matrices were created 

using the spdep package in R (Bivand, Pebesma, & Gomez-Rubio, 2013), and are here based on 

queen contiguity-based weights that consider tracts sharing a common edge or vertex as 

neighboring tracts. Spatial autocorrelation was identified in less than 10% (n = 7) of the cities 

and was generally weak or modest (Moran’s I <= 0.306). This finding suggests that the overall 

presence of IMBs was spatially dispersed across neighborhoods within cities. Furthermore, 

Model 3 in Table 2 shows that adding a spatial lag to the model increased the local likelihood of 

IMBs but had otherwise a negligible impact on the significance or effect sizes. 

 

Discussion and Conclusion 

 This study extended theoretical notions from social disorganization and crime 

opportunity theories to online-promoted IMBs. While the online promotion through review 

boards may reduce the dependency on physical cues to signal illicit opportunities (Chin et al., 

2019; Venkatesh, 2011), the findings corroborate the intricate relationship between crime and 

place as hypothesized by these theories. However, this study also shows that neither theory is a 

fully accurate or sufficient explanation on its own.  

 Following the results from a multilevel model, a census tract in an average city was more 

likely to have an IMB when it faced higher levels of disorganization, urban change or instability. 
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Table 2 Findings from Hierarchical Logistic Regression Models 

Variable Model 1 Model 2 Model 3 

 OR 95% CI OR 95% CI OR 95% CI 

Census Tracts  

Population (Log) 

 

1.579*** 

0.644*** 

1.278*** 

5.749*** 

1.578* 

0.240 

1.206 

1.603*** 

0.917 

1.066 

1.221* 

1.252* 

 

[1.315, 1.897] 

[0.572, 0.725] 

[1.158, 1.411] 

[3.078, 10.736] 

[1.071, 2.325] 

[0.030, 1.914] 

[0.944, 1.539] 

[1.291, 1.993] 

[0.752, 1.118] 

[0.810, 1.403] 

[1.007, 1.482] 

[1.018, 1.542] 

 

1.581*** 

0.641*** 

1.280*** 

5.579*** 

1.584* 

0.259 

1.203 

1.603*** 

0.919 

1.060 

1.231* 

1.842** 

 

[1.316, 1.898] 

[0.570, 0.722] 

[1.160, 1.413] 

[2.983, 10.436] 

[1.081, 2.319] 

[0.033, 2.069] 

[0.942, 1.537] 

[1.290, 1.993] 

[0.753, 1.12] 

[0.805, 1.395] 

[1.015, 1.494] 

[1.209, 2.808] 

 

1.576*** 

0.645*** 

1.279*** 

5.501*** 

1.579* 

0.296 

1.195 

1.598*** 

0.925 

1.064 

1.225* 

1.870** 

 

[1.313, 1.893] 

[0.573, 0.727] 

[1.158, 1.412] 

[2.940, 10.292] 

[1.071, 2.329] 

[0.037, 2.358] 

[0.935, 1.528] 

[1.285, 1.987] 

[0.758, 1.129] 

[0.808, 1.401] 

[1.009, 1.487] 

[1.227, 2.852] 

Concentrated Disadvantage 

Residential Instability 

Racial/Ethnic Heterogeneity 

Income Inequality 

% Male     

Commercial Center 

Retail Center 

Residential Center 

Industrial Center  

Primary Road  

Police within Mile 

Cities  

City Size (>= 100,000) 

Police Agency Size (Per 1,000) 

Violent Crime Arrest (Per 1,000) 

Prostitution Arrest (Per 1,000) 

MA 

WA 

 

1.037 

0.783 

0.907** 

1.185 

1.674 

1.806** 

 

[0.726, 1.483] 

[0.515, 1.188] 

[0.848, 0.969] 

[0.456, 3.078] 

[0.995, 2.815] 

[1.153, 2.828] 

 

1.195 

0.791 

0.908** 

1.157 

1.571 

1.813** 

 

[0.813, 1.756] 

[0.521, 1.204] 

[0.849, 0.971] 

[0.444, 3.015] 

[0.929, 2.655] 

[1.156, 2.842] 

 

1.212 

0.783 

0.908** 

1.160 

1.564 

1.775* 

 

[0.827, 1.775] 

[0.518, 1.183] 

[0.850, 0.971] 

[0.452, 2.971] 

[0.931, 2.629] 

[1.139, 2.769] 

Interaction Term  

City Size * Police within Mile  

 

- 

 

- 

 

0.610* 

 

[0.381, 0.977] 

 

0.600* 

 

[0.374, 0.963] 

Spatial Autocorrelation 

 Spatial Lag  

 

- 

 

- 

 

- 

 

- 

 

1.419*** 

 

[1.174, 1.715] 

Intercept 0.279** [0.130, 0.599] 0.245*** [0.113, 0.532] 0.261*** [0.121, 0.561] 

Random effects cities 𝜎2 (𝜎) 0.352 

(0.594) 

0.355 

(0.596) 

0.338 

(0.581) 

Note. OR = Odds Ratio; CI = Confidence Interval. * p < 0.05; ** p < 0.01; *** p < 0.001.  
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This was observed through residential instability, population heterogeneity, and income 

inequality. However, concentrated disadvantage, a key pillar of social disorganization theory, 

had a theoretically unanticipated impact. In other words, affluent rather than disadvantaged areas 

attracted IMBs. While this finding contradicts the many empirical tests of social disorganization 

theory, it aligns with prior work on the location of IMBs or adult and sex-related businesses that 

are frequented by higher-income clientele (Chin et al., 2019; Edwards, 2010). More research is 

needed to understand whether a benign neglect toward potential victimizations in IMBs bypasses 

the social control mechanisms that keep out other crimes in advantaged areas. 

 Furthermore, if not in rapidly changing areas, that is controlling for social disorganization 

measures, IMBs were more likely in areas with increased crime opportunities through greater 

population density, easy access provided by primary roads, and in retail centers. However, the 

role of police presence is yet unclear. For example, IMBs would locate in neighborhoods despite 

a potential proximity to police stations even though routine activity theory hypothesizes that 

capable guardianship can prevent crime (Cohen & Felson, 1979; Felson, 1987; Felson & Clarke, 

1995; Felson & Cohen, 1980). On city level, a larger per capita police force also did not prevent 

the local likelihood of IMBs, and more research is needed to understand how police are and 

should be deployed to prevent the presence of IMBs.    

 Two sets of explanations can be provided for the theoretical paradox in these findings, 

which support a theoretical integration and highlight the role of online domains in subtly 

changing the geography of online-promoted crimes. First, a theoretical integration is doing more 

justice to the empirical complexity of IMBs. In the present context, it helps explain where illicit 

labor from more marginalized communities has greater potential to meet the demand and routine 

travels of clientele with the financial means to pay for illicit services (Dank et al., 2014; Polaris, 
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2018). Furthermore, from a crime opportunity perspective, structural neighborhood 

characteristics (e.g. population heterogeneity) might not only reduce levels of informal social 

control but may also signal a larger pool and lower costs of finding employees, especially when 

considering that IMBs largely employ racial or ethnic minorities (Dank et al., 2014; Polaris, 

2018).  

 Crime opportunity perspectives are also helpful to explain the increased odds of IMBs in 

more populous, affluent, as well as retail areas, where risky facilities can blend into legitimate 

settings to benefit from a shared pool of clientele under relatively weaker levels of guardianship 

compared to other areas in the city (Eck, 1995b). Furthermore, the significant role of primary 

roads aligns with the journeys to crime literature based on which it can be argued that IMBs are 

strategically located in easily accessible areas that allow out-of-city or even out-of-state travel, 

match the routine travels of clientele, or reduce the effort to engage in illicit behaviors (Boivin & 

D’Elia, 2017; Brantingham & Brantingham, 1995). In addition to facilitating demand, the 

proximity to a highway can also facilitate the observed inter-city and inter-state rotation of 

providers (Dank et al., 2014; Polaris, 2018).  

 Whereas these explanations put emphasis on the importance of crime opportunity 

perspectives, the findings support a joint relevance of social disorganization theory to strengthen 

explanations of the geography of online-promoted IMBs. In particular, the findings indicate that 

complex social mechanisms involving urban change, social stratification and inequality 

contribute to the problem of IMBs. These are mechanisms that are commonly associated with 

reduced levels of informal social control and may also drive the dependency of a marginalized 

community on the income of illicit, shadow or less-regulated economies. Furthermore, it is 

important to note that several of the above crime opportunity features may also attract IMBs 
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through lower levels of informal social control. For example, informal social control tends to be 

lower in busy, retail and commercial areas compared to quiet residential areas because of the 

number of daily non-residents that are less likely to interact with each other and act upon a set of 

shared values to prevent crime (e.g. Hipp & Williams, 2019; Lockwood, 2007; Wilcox et al., 

2004).  

 In addition to the relevance of a theoretical integration, various of these surprising 

findings might also relate to online domains that affect the geography of online-promoted crimes. 

Consider, for example, that an earlier study by Chin et al. (2015) initially found a stronger 

likelihood of IMBs in low-income areas, yet their later work reported on a clustering of IMBs in 

higher-income areas (Chin et al., 2019). The authors explain this difference through an online 

promotion of these places that offers indoor sex venues increased locational flexibility, moving 

them into higher income and suburban areas (Venkatesh, 2011). Online review boards might also 

allow IMBs to be situated alongside allied, legitimate businesses, where their presence looks less 

suspicious and where clientele can rely on online reviews to separate illicit venues from their 

legitimate counterparts. These online reviews generally help clientele to locate IMBs who 

oftentimes traverse neighborhood borders to find illicit massage (see Chapter 4). Lastly, it is 

possible that an online signaling of illicit opportunities allows IMBs to be located in areas 

despite a potential police presence. While more research is needed, recent qualitative work has 

shown how clientele use review boards as a way to warn about intensified police monitoring or 

to develop the idea that law enforcement arrests are avoidable by temporarily frequenting IMBs 

in another area (Blevins & Holt, 2009; Holt et al., 2008, 2014).  

 Furthermore, in providing clientele access to the exact locations of IMBs, these online 

platforms might also reduce the need for IMBs to be in spatial proximity to each other (although 
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ecological cues remain important considerations for these places). Sensitivity analyses showed 

that IMBs were spatially dispersed within cities, which contradicts the extant literature on crime 

concentration (e.g. Morenoff & Sampson, 1997; Morenoff et al., 2001). Even so, a spatial 

dispersion of IMBs is consistent with the literature on illicit market places and can be a strategy 

to avoid local competition of illicit premises or law enforcement attention (Eck, 1995b), or may 

be a way to culturally and linguistically isolate providers (Chin et al., 2019).  

 Several limitations need to be considered when drawing conclusions from the findings. 

First, it is yet unclear why police stations were associated with substantially increased odds of 

IMBs in smaller cities. It is possible that a local police station in small cities reflects another 

underlying condition that attracted IMBs, such as affluence or accessibility through highways. 

More research is needed to unpack this effect. Relatedly, future research may also seek to 

improve the current measures of local and contextual guardianship by examining a broader set of 

guardianship mechanisms such as security alarms, camera systems, community-based 

guardianship, or city-level regulations that do not involve the criminal justice system. 

  In addition, given the cross-sectional nature of this study, no causal directions can be 

established, which is a particularly important note of caution for the interpretation of crime arrest 

effects. Although the present study revealed that city-level crime arrest rates were associated 

with reduced odds for IMBs, another study found that the presence of IMBs implied the 

subsequent increase in local crime and disorder (Huff et al., 2018). The extent to which IMBs 

indeed bring in crime and disorder in neighborhoods remains an important future inquiry (see, 

for examples, Edwards, 2010; Huff et al., 2018; Tewksbury & McCord, 2014).  

 Lastly, while reviews posted on web forums are increasingly being used to collect data 

about hard-to-reach populations such as clientele of commercial sex (Holt & Blevins, 2007), 
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gangs (Pyrooz et al., 2015), and hate groups (Chau & Xu, 2007), few studies have examined the 

representativeness of online samples of a total population. Although the analyses are based on 

one of the most comprehensive review boards for IMBs in the U.S, it is certain that some 

premises were not promoted through the website. This could introduce a bias when these 

premises were located in systematically different neighborhoods. At the same time, the current 

sample represents online-promoted IMBs and the processes to explain the existence of hidden or 

entirely offline IMBs might be different than the ones identified here.  

 Limitations notwithstanding, this research yields important implications for the 

applicability of criminological theory to online-promoted risky facilities. The importance of both 

social disorganization and crime opportunity theories aligns with relatively recent studies that 

call for a theoretical integration to strengthen explanations of local crime problems (Weisburd et 

al., 2014; Wilcox & Land, 2017; Wilcox et al., 2003). With these findings, the study also seeks 

to provide a basis for a criminological research agenda that is attuned to the role of online media 

in facilitating an ideal environment or convergence space for crime. With this in mind, the 

extension of fundamental criminological theories to other types of online-promoted crimes 

merits attention in future research. Furthermore, this study encourages analyses that provide 

further depth to the aggregate measures used in this study. For example, while the analyses 

confirm the importance of aggregate land use measures (Sampson & Raudenbush, 1999), it is 

possible that particular land uses such as bars, nail salons or legitimate massage therapy create 

different opportunity structures for crime. Further granularity can also be provided by examining 

the specific determinants for risky facilities at street segments, especially because different 

variables may matter at different geographic units of analysis and “there is no single 

‘appropriate’ level of aggregation” (Hipp, 2007, p. 674).  
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  On a practical level, the joint relevance of ecological and situational perspectives to 

explain the locations of risky facilities can direct crime-prevention and crime-control resources 

to areas where IMBs are most likely.  Whereas criminal justice strategies may not be the (sole) 

answer to risky facilities that host potential victimizations stemming from socio-economic 

vulnerability and marginalization, this study highlights the importance of strengthening local 

informal social control mechanisms. Both social disorganization and crime opportunity theories 

provide avenues for strengthening informal social control, through neighborhood ties (Sampson 

& Groves, 1989) or relying on individuals and institutions that are in a position to regulate or 

monitor the behaviors of would-be offenders (Eck, 1995a; Felson, 1995). Measures that seek to 

strengthen informal social control within a community may include awareness-raising strategies 

among residents about potential victimizations in their neighborhood.  

 In addition, given the systematic nesting of IMBs in retail areas, these awareness-raising 

strategies should engage local “place managers” such as business owners, landlords, or anyone 

else that is in the position to control or regulate the establishments or behaviors of clientele and 

potential criminal networks. Furthermore, policies need to be sensitive to the lack of immediate 

clustering that may increase a cultural and linguistic isolation of providers and limit their 

opportunities to connect and seek help when needed. This observation requires an active 

outreach and a victim-centered approach by police, community organizations, or victim service 

agencies. Overall, this study seeks to encourage more research on online-promoted risky 

facilities that combines theory, open-source data, and empirical research to inform a broader set 

of effective and non-discriminatory crime prevention strategies.   
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Chapter 4  The Role of Spatial Proximity and Physical Cues in Networks of Crime and 

Deviancy in the Age of the Internet: The Case of Illicit Massage Businesses 

Introduction 

 The traditional notion that criminal, deviant, or any other type of social interactions 

depend on opportunities in physical space (Blau, 1977) is now challenged with opportunities to 

connect through online domains (Small & Adler, 2019). Indeed, past work on gangs, illicit drug 

markets, and terrorism has begun to show that crime and deviant groups maintain a strong online 

presence (Blevins & Holt, 2009; Pyrooz et al., 2015; Wall, 2007). Online interactions with 

deviant peers may drive deviant groups to criminal activity outside of original neighborhood-

based geographies. This would support a broader array of research on social networks, which 

suggests that physical space has become “unnecessary to many network processes” (Small & 

Adler, 2019, p. 1). At the same time, many studies demonstrate that online connections continue 

to be localized into narrow geographies (see, for a comprehensive review of the literature, Small 

& Adler, 2019). However, to date, the geographic coverage of web-facilitated networks of crime 

and deviancy has received little empirical attention.   

 In order to illuminate whether online networks of crime and deviancy span across greater 

spatial distance, the extent to which illicit behaviors traverse neighborhood boundaries and, as 

such, span ties between neighborhoods, need to be studied. These inter-neighborhood 

connections represent what Sampson meant with neighborhoods becoming “nodes in a larger 

network of spatial relations” (2004, p. 158). A network of neighborhoods can capture the 

diffusion of crime and deviant norms as a function of spatial distance or other geographic and 

social features. Only a few prior studies have examined how crime can diffuse toward different 

urban areas as a result of criminal networks transcending neighborhood boundaries, for example 
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when gang members reside in different neighborhoods (Papachristos & Bastomski, 2018; 

Schaefer, 2012). This study posits that technology – specifically here, the Internet - has the 

potential to further facilitate this diffusion through online social interactions and increased 

exposure to crime opportunities in distant areas.  

 Using data from online reviews about illicit massage businesses and their clientele in 

Houston, the purpose of this study is to develop an understanding of the spatial patterning of 

web-facilitated networks of crime and deviancy. The term ‘illicit massage businesses’ (IMBs) is 

used to refer to venues that purport to offer massage but where illicit events such as commercial 

sex and sex trafficking have been documented. IMBs have recently received heightened attention 

in public and policy discourse due to their growing presence in many U.S. cities and concerns 

about a connection to human trafficking operations (Bouché & Crotty, 2017; Polaris, 2018). In 

addition to human trafficking, concerns exist about a wide range of crime and acts of deviancy, 

including verbal, physical, and sexual violence by clients, robberies, and organized crime (Chin 

et al., 2019; Dank et al., 2014). These concerns are profound in Houston, a city that has attracted 

more IMBs than most other cities in the U.S. (Bouché & Crotty, 2017), perhaps because of its 

local geo-economic conditions such as proximity to an international border, connectivity to the 

rest of the U.S., and a substantially large economic sector in sex-related businesses that not only 

involve IMBs but also other venues for commercial sex such as strip clubs and cantinas (Farrell, 

McDevitt, & Fahy, 2008, p. 100).   

 While the presence of IMBs in cities is not new (Armstrong, 1978; Bryant & Palmer, 

1975), the establishments are now being promoted through online classifieds and review boards 

that provide clientele with the locations of IMBs in virtually any neighborhood (Blevins & Holt, 

2009; Holt et al., 2008, 2014). This offline-online interaction makes the problem of IMBs a 
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compelling case to analyze the geographies of web-facilitated networks of crime and deviancy 

compared to past work on the spatial networks of crime that has not directly measured the role of 

the internet in connecting spatially proximate or distant areas in patterns of crime. Furthermore, 

the online-offline link in this study is also unique compared to studies on other forms of 

commercial sex and sex trafficking that are not connected to a stationary location.  

The following section outlines several theoretical mechanisms that help explain under 

which circumstances criminal and deviant behaviors can span ties between neighborhoods. The 

data and methods sections describe how this study observes inter-neighborhood networks 

through offline visits to IMBs as documented in online reviews. Next, structural and geographic 

properties of the resulting networks will be presented, followed by a series of statistical models 

that identify the features explaining the formation of inter-neighborhood networks. The findings 

yield important implications for future studies on crime, place and online networks, and have 

direct relevance for crime prevention and control strategies, specifically those addressing the 

diffusion of deviant norms and the use of technology to target sex trafficking and related crimes.  

 

Offline Inter-Neighborhood Tie Formation 

 Besides social networks that reduce crime and deviancy through inducing neighborhood 

satisfaction, cohesion and social organization (Kasarda & Janowitz, 1974; Sampson, 1988; 

Sampson & Raudenbush, 1999), social networks can provide favorable conditions for crime 

through exposing people to acts of crime, providing instrumental support, or facilitating the 

diffusion of information, capital, and norms (Carrington, 2014; McGloin & Nguyen, 2013; 

Morselli, 2013). When these latter social networks traverse neighborhood boundaries, they span 
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ties between neighborhoods, and it is through these ties that crime can diffuse across greater 

distance.  

 A few studies have begun to analyze such neighborhood networks, mostly in the context 

of gang co-offending or routine travels of delinquents (Bichler et al., 2014; Boivin & D’Elia, 

2017; Davies & Johnson, 2015; Papachristos & Bastomski, 2018; Schaefer, 2012). Broadly, 

these studies as well as extant literature on the geographies of crime networks suggest four 

mechanisms that explain why criminal and deviant groups traverse neighborhood boundaries 

and, as such, span ties between these neighborhoods. 

 First, the key mechanism of interest is spatial proximity. The importance of spatial 

proximity is based on a general social principle that we are more likely to socialize with others 

who are spatially proximate to us because of increased opportunities and the least amount of 

effort involved to connect (Blau, 1977; Zipf, 1949). A decaying likelihood to form a tie when 

spatial distance increases has consistently been reported for networks of criminal peers who are 

most likely to operate within spatially proximate neighborhoods (Hipp & Perrin, 2009; Kirk & 

Papachristos, 2011; Morenoff et al., 2001; Tita & Greenbaum, 2009).    

 Second, the probability of a tie between any two neighborhoods can depend upon an 

attribute of either neighborhood. This implies a social selection process (Robins, Elliott, & 

Pattison, 2001), whereby a specific attribute of a neighborhood, such as income or crime levels, 

increases the likelihood of a tie with any other neighborhood. Prior work has consistently shown 

increased levels of offending in socially disorganized communities with higher levels of 

concentrated disadvantage, which can make it difficult for communities to build social bonds that 

prevent and control criminality (Papachristos & Bastomski, 2018; Sampson & Groves, 1989; 

Schaefer, 2012; Shaw & McKay, 1942, 1969). However, when acts of offending require victims 
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and offenders without a pre-existing relationship to be in the same place, crime opportunity 

theoretical approaches may provide more suitable explanations for behaviors that transcend 

neighborhoods. For example, routine activity theory suggests that places can attract crime when 

they operate as a “shared activity space” where daily routines, such us commutes between work 

and home or easy access through a proximity of a highway facilitate a convergence of suitable 

targets and offenders in time and space under weak capable guardianship (Felson, 1987; Felson 

& Clarke, 1995; Felson & Cohen, 1980; Miró, 2014). Capable guardians can be police or any 

other authority whose presence or actions can reduce the odds of crime events. In addition to 

police and other entities that exercise formal social control, capable guardians can be place 

managers with supervisory responsibility, or any other person or organization exercising 

informal social control and in whose physical or symbolic presence a crime is less likely to occur 

(Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980). These situational cues may be 

particularly important for a pool of clientele that are more advantaged, and social deprivation is 

then unlikely the mechanism that drives their illicit behaviors (Chin et al., 2019; Polaris, 2018).    

 Third, social proximity can help explain why social and crime-involved ties span between 

more distant areas, specifically when these have similar characteristics, such as related to race 

and ethnicity, socioeconomic status, or religion of residents. This is generally understood as a 

pattern of homophily (Feld, 1982; Lazarsfeld & Merton, 1954; McPherson et al., 2001). 

Homophily effects translate well to the context of illicit marketplaces, where a social proximity 

between individuals or places can help establish familiarity, security, and access. This may 

explain why individuals, for example those engaging in commercial sex or illicit drug markets, 

travel to distant yet similar-looking areas that provide a sense of security or an expectation to 

meet like-minded individuals (Eck, 1995b). Furthermore, findings from studies on gang co-
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offending confirm that when gang members extend ties beyond their own or adjacent 

neighborhoods, they are more likely to co-offend with someone residing in neighborhoods that 

are similar in levels of disadvantage, racial and ethnic composition, proportion of single-parent 

households, and criminal activity (Papachristos & Bastomski, 2018; Schaefer, 2012). Spatial and 

social proximity of any two neighborhoods may overlap because neighboring areas often also 

possess similar socio-economic features (Feld, 1981; Hipp & Perrin, 2009; Tita & Radil, 2010). 

 Fourth, inter-neighborhood tie formation can be a function of endogenous network 

effects, meaning that “a tie comes into place in response to the existing local social environment 

within which the two individuals [or neighborhoods] operate” (Lusher, Koskinen, & Robins, 

2013, p. 19). Two central processes have been highlighted in the literature: preferential 

attachment and triad formation. Preferential attachment is often simplified to the idea that “the 

rich get richer” (Barabási & Albert, 1999; Merton, 1968) and here implies that ties between 

neighborhoods are more likely when any of these neighborhoods are among the most popular 

areas for offending. Furthermore, triad formation is often simplified to the idea of “a friend of a 

friend is a friend” (Wasserman & Faust, 1994) and would imply that neighborhoods that share a 

connection to a third neighborhood (two-paths) are also more likely to be connected to each 

other. This is often measured in the form of triangles or path closures, which have shown to be 

common in crime-involved networks that rely on social connections to gain familiarity, trust, or 

stay under the radar of law enforcement (Carrington, 2014; Morselli, 2013).  

 In summary, if not because of spatial proximity, inter-neighborhood ties can form as a 

result of social proximity, social selection processes, or network effects. What has largely been 

left unexplored in relation to these processes is the extent to which web-facilitated interactions 

may allow crime to move further afield, in different patterns, or draw on different mechanisms.   
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Web-Facilitated Inter-Neighborhood Tie Formation 

 Online technologies have changed our social worlds as communication patterns move 

online and take away significant physical barriers to connect. The emergence of web-facilitated 

social networks has been thought of as “the death of the distance” (Cairncross, 1997), whereby 

online communications no longer depend on place-bound communities (Wellman, 2001). Using 

data from social networking sites such as Twitter and Facebook, studies have found that online 

media indeed offer the opportunity for significant long-distance social interactions, yet continue 

to be localized in part because social media has become more location-aware with the possibility 

to geotag information (Barthelemy et al., 2003; Mok et al., 2010; Wellman & Hampton, 1999; 

Yook et al., 2002). Overall, research provides mixed leads as to whether the internet replaces, 

supplements, replicates, or otherwise alters the geography of offline interactions (see, for a 

review, Small & Adler, 2019).  

For offenders and potential victims, the internet can function as a “virtual convergence 

space” (Felson, 2006; Pyrooz et al., 2015). However, the geographical coverage of this digital 

space is theoretically ambiguous. Similar to what is being suggested in the broader literature on 

social networks, online networks of crime and deviancy may reflect pre-existing offline 

behaviors in localized geographies. For example, several studies examining social media use 

among gang members have suggested that online interactions increasingly replace the word-of-

mouth strategy to channel reputations and activities (Decker & Pyrooz, 2012; Pyrooz et al., 

2015). Furthermore, routine online behaviors may be spatially and socially patterned in the same 

way as offline behaviors, particularly given that structural inequalities continue to shape our 

offline and online interactions (Sampson, 2012, 2017). At the same time, online domains may 

also reinforce environmental conditions that exhibit crime opportunities, for example when 
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offenders respond to online cues about the characteristics of neighborhoods, actively search for 

crime opportunities in nearby areas, or seek to use a secure platform to connect with peers.  

At the same time, new opportunities arise for motivated offenders to connect with 

potential victims as well as with each other in virtually any geographic area (Wall, 2007). Online 

platforms are somewhat anonymous, subject to limited regulations, and allow for a rapid flow of 

information. These criteria have shown to be of importance to deviant groups and criminal 

networks involved in crimes such as cybercrimes, terrorism, or race supremacy groups, who can 

expand the recruitment of members beyond local or regional audiences to whole countries and 

continents, thus instigating acts of violence in and beyond a region (Burris, Smith, & Strahm, 

2000; Abbee Corb, 2011; Daniels, 2013; Holt & Bossler, 2008; Reid & Chen, 2007). While 

online-promoted crimes differ from cybercrimes in that the illicit acts still occur in physical 

space, it is possible that online domains alter the location choices of offenders. 

In addition, online interactions, such as conversations in social media or forums, may 

facilitate connections among like-minded individuals and encourage their involvement in crime 

and deviant behaviors (Pyrooz et al., 2015; Wall, 2007; Wellman, 2001). The internet offers 

abundant opportunities to bully, harass, or engage in deviant illicit acts online, which could also 

activate criminal propensities in an offline setting (Pyrooz et al., 2015). In addition, virtual 

subcultures – as seen in the context of deviant, sexual behaviors – provide normative orientations 

or justifications that dictate and reinforce deviant behaviors (Blevins & Holt, 2009; Maratea & 

Kavanaugh, 2012; Pyrooz et al., 2015). This would change the spatial patterning of crime and 

deviancy when the reach of illicit behaviors spans greater distance or when individuals would 

unlikely be involved in illicit behaviors without the facilitation of the web.  
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Web-Facilitated Clientele Networks of IMBs 

 The spatial patterning of web-facilitated behaviors can be examined directly through the 

formation of online social networks as documented in social media or crime-specific websites 

(e.g. hacking websites or review boards for commercial sex). Online clientele networks of IMBs 

are an interesting case to examine whether the afore-mentioned four mechanisms help explain 

inter-neighborhood tie formations that are partially constructed through an online platform. IMBs 

have raised public alarm, especially because of concerns related to commercial sex and sex 

trafficking (Bouché, 2017; Huff et al., 2018). Sex trafficking was only recently criminalized in 

2000 (Trafficking Victims Protection Act, TVPA), though concerns about commercial sex, sex 

crimes, and sex trafficking are historically rooted in complex debates about exploitation, rights 

of marginalized groups, and links to organized crime (Farrell & Fahy, 2009).  

 Similar to many other forms of crime and deviancy, the existence of IMBs is driven by 

social demand and interactions. However, these interactions extend beyond the typical victim-

offender or offender-offender interactions and entail a broad social demand of clientele who not 

necessarily engage in illicit behaviors per se, but may find resonance for sexual behaviors, 

addictions, and potential abuse in online reviews and forums. IMBs in the U.S. heavily draw on 

online review systems that function as any other service review sites but are here specifically 

designed for IMBs (Bouché & Crotty, 2017).  

 These online platforms not only leave a digital footprint of offline visits, but also present 

new opportunities for clientele to locate sexual services elsewhere and disperse illicit events to 

areas beyond traditional locations such as red-light districts (Chin et al., 2019; Dank et al., 2014; 

Murphy & Venkatesh, 2006; Venkatesh, 2011). This is because clients may report about 

important cues for others to weigh perceived rewards against risks. For example, Holt, Blevins 
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and Kuhns (2008) document how clients share detailed information about sexual services that 

were offered, which may drive other clientele to travel to these places in expectation of the same 

services. Reviewers may also report about the presence of police to dissuade other clientele from 

going to areas where police are actively monitoring IMBs and where the risk of law enforcement 

apprehension is perceived to be higher (Holt et al., 2008). 

 Now that clients can learn about the location and features of IMBs and their 

neighborhoods through online reviews, they may be inclined to travel greater distances, spanning 

ties between distant areas if those areas match their interests and routines and under the 

assumption that there is little risk of arrests (Blevins & Holt, 2009; Holt et al., 2008). This would 

be consistent with the extant literature on offender’s location choices, which suggests that 

offenders weigh the expected rewards, risk and effort when choosing to travel towards areas to 

engage in illicit behaviors (Boivin & D’Elia, 2017; Brantingham & Brantingham, 1995; Cornish 

& Clarke, 1987). To date, the specific circumstances through which web-facilitated interactions 

connect distant neighborhoods in patterns of crime and deviancy have not been examined.   

 

Current Study 

 This study seeks to identify the processes that influence inter-neighborhood tie formation 

as observable through online clientele networks of IMBs. The clientele networks that span across 

different neighborhoods are important to understand in light of the diffusion of deviant norms 

and instrumental support for crime and deviancy across a city. The broader purpose is to 

understand whether the formation of online crime-involved networks is influenced by spatial or 

social proximity, specific neighborhood features, or network properties. Following the 

theoretical overview in the previous sections, this study hypothesizes that spatial proximity still 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



85 
 

matters for inter-neighborhood tie formation through web-facilitated IMB visits; yet ties may 

span across greater distance through online reviews that may motivate visits to IMBs 1) in 

different census tracts 2) that are socially proximate; 3) have particular features that facilitates 

the convergence of suitable targets, motivated offenders, and absence of capable guardianship; 

and 4) as a result of network-specific characteristics. 

 

Methods 

Data  

 Information about online clientele networks of IMBs in the city of Houston was extracted 

from one of the most popular national review board for sexual services in IMBs in the U.S.11 

Publicly accessible information about the location of IMBs, the user IDs of clients, and the dates 

and number of online reviews was obtained. Although online reviews may not be representative 

of all clientele, they likely capture a theoretically-relevant pool of more motivated clientele: 

Those who are willing to go through a paywall to read and post sexually-oriented reviews.12 In 

addition, recent research applied a camera tracking system to find that the number of online 

reviews is proportional to the number of actual, offline visits in IMBs (Bouché & Crotty, 2017). 

 The addresses of a total of 436 IMBs that received reviews in or prior to 2017 were 

geocoded to 197 census tracts using shapefiles from the United States Census Bureau, which 

included tracts within or intersecting with Houston’s city borders. Census tracts are commonly 

used in studies to examine the ecological correlates of crime (e.g. Morenoff et al., 2001; Peterson 

 
11 The name of the website was not mentioned in order to preserve some anonymity of the users, 

commercial sex providers, and locations where potential victimizations occur.  
12 Basic information about IMBs and their clientele is available without registration, but users 

have to create a paid user account should they want to read and post reviews. 
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& Krivo, 2009; Schaefer, 2012). The IMBs had a total of 5,627 review posts, which were posted 

by 1,985 unique user accounts between 2011 and 2017. These online data were used to first 

create a two-mode, tract by IMB matrix, where each of the cells represent the number of clients 

who visited and posted a review about an IMB 𝑖 in a given census tract 𝑗. This matrix was then 

multiplied by its transpose to obtain a symmetric one-mode, tract by tract, matrix. The cells in 

this adjacency matrix count how many unique clients posted reviews about an IMB in both tract 

𝑖 and 𝑗, thus spanning a tie between 𝑖 and 𝑗. A total of 6,601 of such ties were detected between 

the 197 census tracts that had IMBs.  

To obtain attribute information for the census tracts, online characteristics of IMBs were 

merged with geographically and, as far as possible, time-matching geospatial and population 

data. Demographic and socio-economic information was obtained through the 2013-2017 

American Community Survey (ACS), downloaded from the National Historical Geographic 

Information System (Manson et al., 2018). Crime incident data were obtained through the 

Houston Police Department’s (HPD) website. Monthly incident reports from 2017 were 

aggregated to one file containing an address range for incidents about aggravated assaults, auto 

theft, burglary, murder, rape, robbery, and theft.13 A total of 119,621 offenses were geocoded to 

census tract shapefiles. Only 112 addresses (0.094%) could not be geocoded to a census tract due 

to address errors. While recognizing the limitations of official records (e.g. under-reporting of 

crimes, or registration of crimes under different incident codes), the HPD police incident data 

were among the few and best sources available to study crime at the level of census tracts. To 

 
13 The HPD only provides an address range (e.g. Street 100-199) and zip code as the smallest 

level of granularity. Because these ranges may occasionally cross tract borders, both the lower 

and upper bounds were geocoded to census tracts and separate analyses were conducted with the 

lower and upper bounds, respectively. Using either the lower or upper bounds in the analytical 

models had little bearing on the findings. Presented findings are based on the upper bounds.  
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obtain an indication of law enforcement’s visible and operational presence on a census tract 

level, the geographical coordinates of police stations were obtained through Google’s Place 

Automated Programming Interface (API) in and around the Houston area, which were then used 

to calculate the shortest distance from a census tract to the nearest police station. 

 

Measures  

 Tract Attributes (nodes): Four sets of tract attributes, dyad covariates and overall network 

features are included in the models (see Table 3). To examine social selection processes, several 

main effects of tract attributes were assessed, which mostly stem from crime opportunity 

theoretical perspectives. Most tract attributes were extracted from the ACS and included as a 

network statistic that takes the sum of a continuous attribute of tract i and j, or the number of 

times a tract with a particular binary attribute appears in an edge in the network. First, population 

count was included to test whether clientele networks span ties across the more populous areas. 

The natural log of the population count was included in the estimation models to account for 

skewness of this measure (�̅�  = 8.603; min = 2.197, max = 9.750). Other tract features account 

for potential demand, supply, easy access, and capable guardianship. Specifically, two 

demographic features were included: the proportion men (�̅� = 0.500; 𝑠𝑑 = 0.038) and the 

proportion of residents belonging to a racial or ethnic minority (�̅� = 0.664; 𝑠𝑑 = 0.243). These 

measures tap into the key demographic characteristics of clientele and providers, respectively 

(Polaris, 2018).  

 Drawing on crime opportunity perspectives, this study also assesses the role of several 

factors that may influence clientele location choices. In particular, the role of easy access was 

included as the direct availability of a primary road that intersected with a tract (1 = ‘Yes’), 
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which was the case for about a third of the tracts (n = 68, 34.5%). As a measure for increased 

capable guardianship exercised by police presence, this study assesses whether a tract was within 

a mile distance of a police station (1 = ‘Yes’). Using the geocoded locations of police stations, 

the shortest distance of each census tract centroid to the nearest police station was calculated 

using the geosphere package in R (Hijmans, 2019). For 37 census tracts (18.8%), the closest 

police station was within a mile distance from a tract’s centroid. While police stations may not 

be representative of patrol, they present a visible stationary presence of police that could function 

as a deterrent for illicit behaviors (see e.g. Holt et al., 2008).   

 Various other tract attributes were accounted for. Because prior work has consistently 

shown the relation between concentrated social disadvantage and co-offending networks 

(Papachristos & Bastomski, 2018; Schaefer, 2012), a measure of concentrated social 

disadvantage was included as the standardized averaged sum of the following standardized 

variables: per cent families below the poverty level, per cent female-headed households with 

children, and per cent 16+ population unemployed (range = -1.754, 3.245).14 Furthermore, two 

crime incident measures were included using the HPD crime incident reports. The role of 

robbery incidents and rape incidents per capita was assessed because both of these crime types 

have been associated with crime and deviancy in IMBs (Polaris, 2018),and are not strongly inter-

correlated. On a population of 1,000 residents, 4.679 robbery incidents (𝑠𝑑 = 23.826) and 0.339 

rape incidents were reported within a tract (𝑠𝑑 = 0.423). Lastly, the count of IMBs that had 

received reviews in or prior to 2017 (�̅�  = 2.335, 𝑠𝑑 = 2.007), and the total number of reviews (�̅� 

 
14 These variables loaded onto a single factor (Cronbach’s alpha = 0.74, 95% CI [0.68, 0.8]). The 

level of disadvantage was recoded to zero for one census tract that had missing information. 

Recoding was preferred instead of excluding this tract from the analyses, which would impact 

the connectivity toward other census tracts. Robustness checks with and without this census tract 

did not result into substantially different findings.   
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= 29.782, 𝑠𝑑 = 35.102) were included as proxy measures for the overall online popularity of a 

census tract. Review count was rescaled to bins of five reviews each, to aid the interpretation.  

 Social Distance (dyads): The extent to which census tracts were dissimilar was calculated 

for levels of concentrated social disadvantage, to assess potential ties across socio-economically 

distinct areas, and for crime incidents per capita to assess whether clientele travelled between 

neighborhoods with varying levels of crime. Each of these dissimilarities were included as a 

single network statistic that takes the absolute difference of continuous values for tract i and j. 

 Spatial Distance (dyads): The direct distance between each census tract centroid was 

included in miles. The average distance between any two census tracts was 14.997 miles (𝑠𝑑 = 

8.803, range = 0.370, 46.085). Because distance likely exhibits a decay effect (see Hipp & 

Perrin, 2009; Zipf, 1949), the distance measure was log transformed. The logged distance 

averaged 2.486 miles (𝑠𝑑 = 0.745).  

 Network Statistics (networks): The role of two endogenous network properties were 

assessed. Tie formation as a result of transitivity was assessed by including geometrically 

weighted edgewise shared partners (GWESP) that capture transitive triads (if tracts i and j are 

connected to tract k, they are likely also connected to each other) and geometrically weighted 

dyad-wise shared partners (GWDSP) that capture ties that arise from two-paths instead of triads 

(tracts i and j, and tracts j and k are connected, but tracts i and k are not).  

  

Analytical Strategy 

 Social network analysis was used to describe the structural features of census tract 

networks that were formed through online clientele networks. Next, the spatial and social 

determinants of inter-neighborhood tie formations were estimated through dyad independence 
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models and exponential random graph models (ERGMs). These techniques are essentially 

modified logistic regressions that do not violate the assumption of independence, which is 

unrealistic in network data where a single node (here: census tract) can be involved in multiple 

dyads. As a class of statistical models, ERGMs allow for the probability of a tie to depend on the 

presence of other ties inside a network (Lusher et al., 2013). The unit of analysis is the tie 

between any two census tracts, which in the current study represents whether or not clientele 

traveled between any two census tracts (𝑦𝑖𝑗 = 0|1). 

 This tie between any two census tracts was estimated as a function of network 

characteristics and neighborhood features. To avoid that the estimates capture isolated incidents, 

the outcome measure was coded ‘1’ when two or more unique clientele traveled between the 

same census tracts to frequent IMBs. These multiple ties (‘strong ties’) are arguably a better 

reflection of the true underlying network and less subject to sampling error when a wrong 

address of an IMB is listed (see also: Hipp & Perrin, 2009). As is shown in the Appendix, 

goodness of fit indices were appropriate for the models estimating these strong ties. This retained 

a sub-sample of 3,083 inter-tract connections. For purposes of comparison, descriptive statistics 

are provided for both this subsample of strong ties and the full sample of any tie. 

 Models that only include terms pertaining to the dyads and nodes (i.e. spatial and social 

distance, and tract features) were estimated through Maximum Pseudolikelihood Estimations 

(MPLE), which present regular logistic regression formats. Once higher-order network statistics 

were included (e.g. transitivity terms), a maximum likelihood was estimated through Markov 

Chain Monte Carlo (MCMC) simulation methods. In ERGMs, the probability of a set of ties, Y, 

is a function of nodes, node and dyad characteristics, and network terms such as the number of 

edges in the network. The parameters for these statistics are obtained through a stochastic 
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process that compares the observed network with random networks, where ties are modeled as a 

random variable. In its basic form, an ERGM is formalized as follows:  

Pr(𝑌 = 𝑦) =  (
1

𝑘
) exp{∑𝜂𝐴 𝑔𝐴 (𝑦)}, 

which captures the sum of the coefficients, 𝑛𝐴, for each network statistic 𝑔𝐴.  A is the index for 

each included statistic in the network g(y) and k is the normalizing constant for the network 

distribution (Lusher et al., 2013; Papachristos & Bastomski, 2018). All analyses were conducted 

in R, using the sna package (Butts, 2016) for descriptive analyses and the statnet suit of packages 

(Handcock, Hunter, Butts, Goodreau, & Morris, 2008) to estimate ERGMs.15   

 

Table 3 Summary Statistics for Tract Attributes 

Variable �̅� (𝑠𝑑) / N (%) Range 

Population (Log) 

Male (%) 

Racial/Ethnic Minority (%) 

Primary Road (1 = ‘Yes’) 

Police Mile Away (1 = ‘Yes’) 

Concentrated Disadvantage (Scale) 

Robbery Incidents (per 1,000) 

Rape Incidents (per 1,000) 

IMB Count 

Review Count 

8.603 (0.656) 

0.500 (0.038) 

0.664 (0.243)   

68 (34.5%) 

37 (18.8%) 

0 (1) 

4.679 (23.826) 

0.339 (0.423) 

2.335 (2.007) 

29.782 (35.102) 

2.197, 9.750 

0.415, 0.634 

0.000, 0.993 

- 

- 

-1.754, 3.245 

0.000, 333.333 

0,000, 1.835 

1,14 

1, 214 

Miles in Distance (Log) 2.486 (0.745) 0.041, 3.137 
 

Findings 

Network Structure  

 Online clientele networks spanned 6,601 ties between 197 census tracts with IMBs in 

Houston. Figure 3 reports on the tie strength for each of these connections, as represented by the 

 
15 MCMC.burnin = 10,000,000; MCMC.interval = 10,000; MCMC.samplesize = 200,000.  
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number of unique clients that traverse a census tract border to visit IMBs. Nearly half of the 

connections (N=3,083, 46.7%) represented multiple clients crossing the same census tract 

borders. Table 4 reports on several structural measures of these census tract networks. The graph 

density statistic of 0.342 indicates that the observed 6,601 connections accounted for 34.2% of 

all possible connections. Strong ties, caused by multiple clients, accounted for less dense 

networks, about 16.0% of all possible connections. On average, a census tract was connected to 

67 other tracts, which indicates that clients traversed census tract borders to a rather high degree. 

A few census tracts were extremely well-connected (up to 162 other census tracts, i.e. nearly all 

tracts with IMBs) though substantially fewer have strong ties (on average 31 census tracts). This 

is displayed in Figure 4, which also further supports the modeling of strong ties through 

exponential models as opposed to the modeling of a nearly uniform degree distribution of any 

tie. If not directly, any two census tracts were indirectly connected in about two steps and at a 

maximum of only four or five steps. Transitivity was high regardless of tie strength, which 

essentially means that when clients spanned ties between tracts A and B as well as A and C, they 

likely also spanned a tie between B and C.  

Using the sample of strong ties, the geographic distribution of the degree size of each of 

the census tracts is shown in Figure 5.16 Darker-colored areas represent the high-degree census 

tracts that have many ties with other areas in the city. The figure suggests a spatial concentration 

of high-degree tracts, which was confirmed by a significant spatial autocorrelation index 

(Moran’s I = 0.301, p < 0.001).  

 
16 The geographic distribution of strong ties was similar to the one for all ties, which indicates 

that strong ties are a representative sample of the underlying clientele networks of online-

promoted IMBs. Spatial concentration of inter-neighborhood degree was less profound when 

including all ties (Moran’s I = 0.149, p < 0.01).   
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Table 4 Structural Network Measures of Census Tract Networks  

Network Feature Network Statistic 

 Any Tie 

N = 6,601 

Strong Tie 

N = 3,083 

Graph Density  

Mean Degree (𝑠𝑑) 

Min-Max Degree 

Number of Isolates 

Transitivity 

Diameter 

Centralization (through Degree) 

Average Path Length 

0.342 

67.015 (41.956) 

0-162 

3 

0.639 

3 

0.485 

1.675 

0.160 

31.299 (31.518) 

0-136 

31 

0.544 

4 

0.534 

  1.872 

 

 

Figure 3 Distribution of Tie Strength  

 

Note. Strong ties are marked with a darker color.  

 

 Figure 4 Degree Distribution of Any Ties (Left) and Strong Ties (Right) 
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Figure 5 Geographic Distribution of Census Tract Degrees as Observed through Online 

Clientele Networks (Strong Ties)   

   
 

Explaining Inter-Neighborhood Tie Formation 

 Table 3 presents the log-odds of features that can drive tie formation between census 

tracts as observed through multiple clients traveling between census tracts to frequent IMBs. The 

first three models are dyad independence models that were conditioned upon census tract 

features, spatial, and social distance measures. A final ERGM was estimated to test higher-order 

interdependencies between census tracts, mainly to evaluate the extent of potential bias in the 

preceding models when accounting for network effects.  

 Model 1 presents the determinants for any tie formation between census tracts as a result 

of tract attributes and spatial distance. The edges term operates as the intercept and suggests that, 

even though the network was rather dense, ties had an overall low probability of existing. This is 

common in network models when density is lower than 50% (Lusher et al., 2013). As follows 

from the negative coefficient associated with the spatial distance measure, spatial distance was 
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an obvious impediment to tie formation between any two census tracts. In addition to spatial 

proximity, several physical cues helped explain clientele travels between neighborhoods. In 

particular, ties between census tracts were less likely in areas where a police station was within a 

mile distance, but more likely in areas that had the following characteristics: Relatively more 

men who could make up a pool of potential clientele; a relatively larger racial or ethnic minority 

among which a sub-group might experience socio-economic deprivation and therefore an 

increased dependency on the work provided by IMBs; and a higher rate of reported rape 

offenses. A tract’s direct intersection with a primary road was negatively associated with 

clientele inter-neighborhood travels, although this effect was accounted for in a model that 

includes the network terms (further discussed below). Concentrated disadvantage was negatively 

associated with clientele inter-neighborhood travels. This suggests that more advantaged areas 

were more likely to attract clientele visits from elsewhere. Furthermore, the positive coefficient 

for online review counts indicates that ties were more likely to span toward the more popular 

areas, which were also more likely to have ties amongst each other (as can be derived from the 

negative coefficient for the difference in review counts between census tracts: i.e. the greater the 

distance in the number of reviews, the less likely a tie is formed).  

 A second model that omits spatial distance but adds the social distance measures shows 

that online clientele networks were more likely to span ties between census tracts that had similar 

reported rape offenses, although this was only significant under a one-tailed test in a model that 

accounts for both spatial and social distance measures (Model 3). Furthermore, the positive 

coefficient associated with the social distance measure for concentrated disadvantage suggests 

that clientele travels spanned ties between socio-economically distinct areas. This contradicts 

with prior literature on social and spatial homophily effects, as it instead points to a potential 
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diffusion of crime and deviant norms between advantaged and disadvantaged neighborhoods. 

Models 2 and 3 are otherwise consistent with the previous model.   

 A final model (Model 4) adds the network terms, which substantively improved model 

fit. The positive coefficient for the GWESP term along with the negative coefficient for the 

GWDSP term shows that ties were significantly more likely to exist as a function of transitive 

triads rather than two-paths. While most other effects remained largely the same, a few 

differences are notable. In particular, the effect of spatial proximity slightly reduced, suggesting 

that a spatial proximity effect was partially accounted for by a network effect. Furthermore, the 

role of population size substantially reduces and a tract’s direct intersection with a primary road 

becomes insignificant, which can imply that clientele were more likely to go to more discrete 

areas (i.e. less populous and those that did not immediately intersect with a primary road) when 

they were inclined to follow the same IMB travels as their online peers. It is further notable that 

the effect of clientele traveling between census tracts with more reported rape incidents was now 

accounted for by a complex network mechanism that captures clientele travels between IMBs as 

triads. 

 

Discussion and Conclusion 

 This study offers a first look at what drives web-facilitated inter-neighborhood tie 

formation in the context of deviant behaviors. Based on census tract networks that were 

constructed through web reviews of IMBs and merged with geospatial and population data, the 

analyses suggest that the content of reviews may provide contextual cues that influence the 

offline location choices of clientele. The networks show that clientele frequently traversed 

census tract borders and may diffuse deviant norms and illicit behaviors across census tracts. 
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Table 5 ERGM Results. Explaining Inter-Tract Tie Formation  

  (1) (2) (3) (4) 

 β (SE) β (SE) β (SE) β (SE) 

Edges -3.510*** (0.874) -4.513*** (0.872) -3.897*** (0.881) -5.748*** (0.742) 

Tract Features  

Population (log) 

% Male 

% Racial/Ethnic Minority 

Primary Road  

Police Within Mile 

Disadvantage 

Robbery Offenses  

Rape Offenses 

IMB Count  

Review Count 

Review Count Difference  

 

-0.158*** (0.041) 

1.365** (0.508) 

0.905*** (0.129) 

-0.103** (0.040) 

-0.277*** (0.047) 

-0.137*** (0.031) 

-0.001 (0.001) 

0.362*** (0.045) 

0.093*** (0.013) 

0.270*** (0.006) 

-0.212*** (0.006) 

 

-0.178*** (0.041) 

1.117* (0.509) 

1.107*** (0.131) 

-0.218*** (0.039) 

-0.276*** (0.047) 

-0.206*** (0.032) 

-0.001 (0.001) 

0.586*** (0.054) 

0.098*** (0.012) 

0.264*** (0.006) 

-0.206*** (0.006) 

 

-0.149*** (0.041) 

1.324** (0.511) 

1.007*** (0.133) 

-0.131** (0.040) 

-0.294*** (0.048) 

-0.174*** (0.032) 

-0.000 (0.001) 

0.412*** (0.056) 

0.092*** (0.013) 

0.270*** (0.006) 

-0.212*** (0.006) 

 

-0.086* (0.031) 

1.323** (0.433) 

0.564*** (0.101) 

-0.026 (0.032) 

-0.246*** (0.376) 

-0.135*** (0.025) 

-0.000 (0.001) 

0.176*** (0.051) 

0.083*** (0.014) 

0.147*** (0.006) 

-0.040*** (0.007) 

Social Distance 

Concentrated Disadvantage  

Rape Offenses  

 

- 

- 

 

0.140*** (0.032) 

-0.296*** (0.077) 

 

0.136*** (0.032) 

-0.147~ (0.079) 

 

0.123*** (0.032) 

-0.044 (0.077) 

Spatial Distance -0.510*** (0.034) - 0.504*** (0.033) -0.382*** (0.032) 

Network Structure                 

GWDSP 

GWESP 

 

- 

- 

 

- 

- 

 

- 

- 

 

-0.057*** (0.002) 

1.499*** (0.108) 

AIC  

BIC 

10,661 

10,763 

10,867 

10,977 

10,643 

10,761 

9,784 

9,918 

Notes. ~ p < 0.10; * p < 0.05; ** p < 0.01; *** p < 0.001. Coefficients are logit coefficients.  
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  As hypothesized, spatial distance continued to be a key impediment for clientele to span 

ties across different geographies through IMB visits. The importance of spatial proximity 

confirms the abundant literature on the concentration of crime and criminal networks within a set 

of spatially proximate neighborhoods (Kirk & Papachristos, 2011; Mears & Bhati, 2006; 

Peterson & Krivo, 2009). The findings are also consistent with research on the geography of 

social media networks generally, which has shown that web-facilitated social networks continue 

to be localized while allowing across greater distance (Barthelemy et al., 2003; Mok et al., 2010; 

Yook et al., 2002).    

 When controlling for spatial proximity, this study shows that clientele networks of IMBs 

spanned ties between distant areas for reasons that are in line with crime opportunity theoretical 

perspectives, especially routine activity theory (Cohen & Felson, 1979; Felson, 1987; Felson & 

Clarke, 1995; Felson & Cohen, 1980). Specifically, the odds for clientele to frequent IMBs in 

any two areas increased when these areas had suitable targets and motivated individuals, as 

represented by 1) a higher number of IMBs; 2) greater online popularity (i.e. more online 

reviews); 3) relatively more men (potential clientele) and 4) more minority residents (potential 

providers). In addition, clientele were more likely to traverse census tract borders to frequent 

IMBs in “under-policed” areas, which were the areas with the closest police station at least a 

mile away. This finding supports earlier qualitative work that had documented that clientele of 

IMBs tend to be aware of the illicit nature of their behaviors and seek to avoid risk of law 

enforcement apprehension (Blevins & Holt, 2009; Holt et al., 2008). Furthermore, clientele were 

more likely to travel toward and between popular areas, and were also more likely to span ties 

across a set of census tracts that complete transitive triads. As such, the findings provide support 

for both preferential attachment and triad formation as important network effects, which 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
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underscores the idea that opportunities for crime events and deviant behaviors are embedded in 

the structure of networks of crime and deviant groups (Kleemans & De Poot, 2008).  

 Several findings contradict prior literature and merit attention in future studies. One 

seemingly surprising finding is the significant role of the percentage of male residents, which 

contradicts macro-level studies that rarely show a significant neighborhood effect of gender. 

However, the finding is in line with studies on the spatial patterning of commercial sex and sex 

trafficking and with the demographics of clientele who are mostly men (Bouché & Crotty, 2017; 

Chin et al., 2015; Chin et al., 2019; Huff et al., 2018). Furthermore, while Chapter 3 had 

identified a greater likelihood of IMBs to be located in populous tracts that were immediately 

accessible through a highway, these factors reduced the likelihood of inter-neighborhood 

connections through clientele travels, suggesting that clientele were more likely to travel toward 

low-visibility neighborhoods to frequent IMBs. It is important to note that these effects were 

largely accounted for in a model that included the above-mentioned network terms, which 

indicates that the attractiveness of low-visibility areas might be unique to an online group of 

clientele that follows each other’s footsteps. Chapter 3 suggested a greater likelihood of IMBs in 

areas with high visibility (e.g. populous and with a primary road), and it is possible that the mere 

location of IMBs was tailored to both an online and offline group of clientele (i.e. those that read 

and posted reviews versus those that did not). Furthermore, social disadvantage was not 

associated with more clientele travels between census tracts. Instead, advantaged areas were 

more likely to attract clientele who tend to have an income higher than average (Polaris, 2018), 

albeit these clientele spanned ties between socio-economically distinct areas when frequenting 

IMBs in both advantaged and disadvantaged areas. As such, clientele travels associated with 

IMBs connected socio-economically distinct neighborhoods in patterns of crime and deviancy.   
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 Lastly, the significant association between clientele visits and reported rape incidents in a 

particular area may be explained by prior literature that suggests sexually-oriented reviews may 

be permissive of sexual deviancies, assault, and harassment (Cunningham et al., 2018). However, 

this finding also needs to be interpreted against the background of a well-known underreporting 

of rape incidents, which would bias the findings when the reporting is disproportionately 

distributed across geographic areas. A refined geographical measure of sexual aggression is 

generally needed in studies on crime and victimization, and would also help evaluate the 

robustness of this study’s finding. There is some evidence that ties were more likely to span 

between areas with similar rates of rape offenses, which could support the idea that sexually-

oriented reviews can instigate social homophily along lines of sexual preferences, including 

preferences that signal violent offline acts of sexual assault or rape (Blevins & Holt, 2009; Holt 

et al., 2008; Thornberry, Krohn, Lizotte, Tobin, & Smith, 2003). However, that finding was 

accounted for by network mechanisms that captured triad formations in clientele travel patterns. 

 It also follows from these findings that the features driving web-facilitated inter-

neighborhood tie formation differ from the processes identified in prior studies on gang co-

offending or illicit drug markets (Papachristos & Bastomski, 2018; Schaefer, 2012). The findings 

here focus on a clientele demand for an illicit market and provide stronger support for crime 

opportunity perspectives, specifically the notion that an individual’s location choices depend on 

the extent to which the features of an area match a client’s expected rewards (e.g. guaranteed 

services and online popularity), effort (spatial proximity), and risk (police at least a mile away) 

(Brantingham & Brantingham, 1995; Cornish & Clarke, 1987). 

This study is not without limitations. While the findings are consistent with past 

theoretical and empirical work on crime and deviancy and also support the broader array of 
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literature on the geographies of online social networks, an obvious limitation is that the findings 

may be context-specific to the city of Houston and the problem of IMBs. Future studies should 

replicate the theoretical and methodological approach of this study to different geographical 

contexts and crime types. In addition, future work may also observe inter-neighborhood ties 

through other types of connections between IMBs, for example through shared ownership of 

storefronts, rotation of providers, and criminal networks. Furthermore, additional information 

might need to be obtained to further understand inter-neighborhood connections. For example, it 

would be important to measure routine travels between clientele anchor points (e.g. home or 

work) and the location of an IMB. In the present study, the connections between census tracts 

only represented where clientele decided to frequent IMBs. No information on the home 

addresses of clients or any information about clients other than the places they reviewed was 

available.  

Some may perceive the lack of empirical delineation between commercial sex and sex 

trafficking as a limitation. However, the goal of this study was not to identify distinct drivers for 

commercial sex and sex trafficking, and it is important to note that individuals have varying 

experiences, beyond the binary distinction of commercial sex versus sex trafficking. Concerns 

exist about a range of different problems in IMBs, including labor exploitation and labor 

trafficking, verbal abuse, sexual harassments, and violence that stems from racial, ethnic, or 

gender biases (Chin et al., 2019; Dank et al., 2014). Future research and policy efforts should 

draw on a victim-centered approach, and be considerate of the fact that varying experiences may 

result from social inequalities, discrimination, and lack of alternative choices. 

While recognizing these limitations, this study emphasizes the continuing importance of 

spatial proximity in the formation of web-facilitated networks of crime and deviancy, and 
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contributes to prior work by offering new theoretical and methodological inroads that help 

explain why any two distant areas are connected in patterns of crime and acts of deviancy. As 

access to the internet continues to expand and the use of social media becomes virtually 

anywhere in the U.S. an inherent part of daily routines, including those of criminal and deviant 

groups (Pyrooz et al., 2015), this study draws attention to the need to be alert to potentially 

changing geographies of criminal and deviant networks. While this study focused on physical 

distance as one aspect of space, future work should also examine the role of space through 

physical arrangements of streets, or the spatial composition of an area where “fixed places” such 

as squares or community organizations serve as foci areas and facilitate social interactions 

(Small & Adler, 2019).  

On a practical level, the findings yield important implications for crime control and 

prevention strategies. By showing that clients frequently travel across census tract borders to 

visit different IMBs, this work hints at the limitations of current criminal justice strategies such 

as on the ground vice operations that shut down IMBs in particular areas. These shutdowns may 

have a limited effect when clientele are willing to traverse census tract borders even at larger 

geographic span, meaning that IMBs can easily relocate and attract their clientele back. The mere 

stationary presence of police seems to be an effective mechanism to keep away clientele who 

fear apprehension by law enforcement, although future work is needed to understand police 

responses in more detail as well as the role of other potential capable guardians such as local 

business owners or landlords. Following the findings in this study, policy efforts should focus on 

curbing the diffusion of crime and deviant norms across neighborhoods, through focusing on 

clientele illicit and deviant behaviors, targeting and disrupting clientele networks, and through 

strengthening social and protective mechanisms in the most popular areas where there is demand 
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for IMBs. The aim of such efforts should be to prevent problems related to abuse, sexual assault 

or rapes. These efforts may also involve awareness raising of the varying victimizing experiences 

in IMBs, reaching both clientele and their social communities. 

To conclude, this study contributes to a theoretical and policy-relevant debate on the 

intersections of crime, place, and networks in the age of the internet, specifically noting the 

continued importance of crime opportunity theoretical perspectives such as routine activity 

theory (Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980; Miró, 2014). Drawing on 

the resurgence of interest in the relation between space and networks generally (Small & Adler, 

2019), explaining changing geographies of crime and crime networks as a result of online 

communication patterns should become an increasingly important area of concern for 

criminologists. 
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Appendix  

Figure 6 Goodness of Fit Plots for the Estimation of Strong Ties  
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Chapter 5  The Limits of Traditional Law Enforcement Actions in Addressing Crime 

Problems with Locational Flexibility: The Case of Illicit Massage Businesses  

Introduction 

 An increasing amount of criminal justice resources are being devoted to the issue of 

human trafficking17, many of which seek to address human trafficking victimizations in illicit 

massage businesses (IMBs). These venues owe their name by hosting illicit events such as 

commercial sex under the guise of legitimate massage. While IMBs have been identified as a 

problem in many urban contexts across decades (Armstrong, 1978; Bartley, 1994; Bryant & 

Palmer, 1975), concern about IMBs has increased in recent years due to connections of these 

businesses to human trafficking victimizations (Associated Press; Bouché & Crotty, 2017; 

Hoppa, 2018; Polaris, 2018). In fact, IMBs are considered one of the top venues for sex 

trafficking, and comprised the largest group of calls to the National Human Trafficking Hotline 

in 2019 (National Human Trafficking National Human Trafficking Hotline, n.d.). In addition to 

commercial sex and human trafficking, IMBs host a wide range of other problems such as 

robberies, organized crime, as well as physical, sexual, or emotional violence committed by 

clientele (Polaris, 2018).  

 Police have primarily deployed traditional vice tactics against IMBs, which can include 

rapid patrol-based responses to citizen complaints or reactive investigations usually in response 

to tips from concerned community members (discussed further below). While these efforts 

 
17 Human trafficking victimizations and the provision of commercial sex are legally not the same 

and different perspectives exist about the victimizing nature of commercial sex (see, for a 

discussion, De Vries & Farrell, 2019). Regardless of moral perspectives on commercial sex, it is 

important to recognize the marginalized position of many individuals who depend on the income 

from sexual services and are at increased risk to health issues, violence, abuse, and exploitation.    
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demonstrate an agency’s willingness to respond to crime and victimization problems in IMBs, 

the public and criminal justice practitioners alike have expressed concerns about the limited 

effectiveness of the traditional law enforcement response with some suggesting a “whack-a-mole 

effect” where IMBs seem to continue to open anywhere in a city and sometimes even at or near a 

location where a police action took place (Axon, Kelly, & Braun, 2019; Wang, 2010). The online 

promotion of IMBs through online classifieds, review boards, or forums may contribute to the 

limits of traditional law enforcement responses. Such platforms provide IMBs with “locational 

flexibility” by offering new means to signal illicit activity, foster demand, and regain clientele 

back after an action (Chin et al., 2019; Holt et al., 2008, 2014; Venkatesh, 2011). Locational 

flexibility seems to allow IMBs to persist despite heightened traditional police attention to this 

low-visibility crime problem. While concerns about the effectiveness of traditional police 

enforcement actions constitute a key part of an ongoing policy debate about addressing IMB 

problems, there is little rigorous scientific evidence assessing the crime control value of these 

kinds of police responses.  

  Two broad theoretical perspectives generally support proactive police crime control 

strategies: deterrence and crime opportunity reduction (Weisburd & Majmundar, 2018). 

Deterrence suggests that police can reduce crime if they are able to convince would-be offenders 

that the risks of apprehension and punishment exceed the benefits of committing crime (Gibbs, 

1975; Nagin, 2013a; Zimring & Hawkins, 1973). In general, the swiftness and certainty of 

sanctions are more salient than severity of sanctions when prospective offenders are considering 

whether to commit crime or not (Kennedy, 2008; Kleiman, 2009). Advertising of police 

strategies is one possible way to increase the perception of apprehension risk (Sherman, 1990; 

Zimring & Hawkins, 1973), which is important to consider because police actions against IMBs 
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are often highly publicized. Police can also attempt to reduce crime opportunities by altering the 

underlying conditions and dynamics that cause crime problems to persist (Weisburd & 

Majmundar, 2018). Alternative strategies, such as problem-oriented policing, can be used to 

diagnose crime problems and launch a variety of tailored responses that seek to change 

underlying crime opportunity structures that may discourage offenders from committing crimes 

(Goldstein, 1990; Braga, 2008). Crime opportunity reduction approaches could be used to good 

effect to understand IMB challenges such as locational flexibility and frame appropriate police 

responses to persistent IMB problems in local jurisdictions. Unfortunately, most traditional 

police responses to IMBs do not seem to consider the existing theoretical and program evaluation 

evidence on proactive policing efforts to get deterrence right and to diminish persistent crime 

opportunities.    

 Since our current knowledge base on the effectiveness of traditional police enforcement 

actions against IMBs has remained largely descriptive and anecdotal, this study has two 

objectives. First, a quasi-experimental research design was used to evaluate whether police 

enforcement actions that resulted in the closure of IMBs prevented the attraction of new IMBs in 

the same or adjacent areas. Second, insights on framing plausibly effective police responses to 

persistent IMB problems were derived through predictive analytical techniques to decompose the 

efficacy of police actions in the context of a broader set of neighborhood features that influence 

the emergence of new IMBs across a city. The analyses draw on media reports of police actions, 

which were linked to online review data containing the locations of online-promoted IMBs, and 

geospatial and population data. The findings contribute to the policing literature by providing a 

unique case of an illicit market that is being promoted by online platforms.  
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 The next section provides further detail about the current police response to IMBs, 

followed by sections on deterrence theory and empirical evidence on effective policing strategies 

that guide this study’s evaluation. The data and methods sections outline the research designs 

used for each of the above objectives. The study concludes with key findings and implications 

for future research and policy, which speak to the need to alter the current response to IMBs. 

 

Law Enforcement Actions against Commercial Sex and Sex Trafficking in IMBs 

 An understanding of law enforcement tactics against IMBs needs to be integrated in the 

broader response against human trafficking. On a national level, significant criminal justice 

system resources are devoted to human trafficking issues. For example, the Department of 

Justice awarded over $100 million in 2019 alone to efforts supporting the identification of 

victims, and investigation and prosecution of offenders (U.S. Department of Justice, 2019). A 

substantial proportion of these anti-trafficking efforts concern IMBs. For example, the National 

Human Trafficking Resource Center (n.d.) estimates that fifteen percent of identified sex 

trafficking cases in the U.S. involve IMBs. Investigations of human trafficking are often 

delegated to vice units who commonly use traditional tools such as sting operations, undercover 

work, or reactive investigations to uncover human trafficking (Farrell, Bright, et al., 2019; 

Farrell, Dank, et al., 2019). Similar tactics are used against IMBs, which have resulted in 

shutdowns of illicit venues or the arrests of owners, managers, or anyone else engaged in illicit 

activity. These interventions are often frequently triggered by ongoing investigations or tips from 

concerned community members. In some cities like Houston, changes to municipality ordinances 

facilitate officer’s right of access to IMBs and seek to prevent that venues that do not need a 

license (e.g. bodyworks) are exempt from police oversight (Blakinger, 2016; Polaris, 2018). 
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  Although a small percentage of IMBs are directly targeted by police enforcement 

actions, potential deterrence effects might work through extensive media coverage of these 

actions. For example, The Seattle Times recently reported on a sting operation at eleven IMBs in 

Seattle’s neighborhoods. The action involved up to 100 local and federal police officers, was 

initiated after neighborhood complaints and a lengthy prostitution and money-laundering 

investigation, and ultimately resulted in shutdowns of several IMBs and the arrests of five 

owners or operators (Green, 2019). While a total of 26 women were offered services during or 

immediately after the action, it is not uncommon that other, similar operations involve the arrests 

of individuals providing commercial sex. Many enforcement actions involved the arrests of men 

soliciting for commercial sex (see, for an example, Rogers, 2017).  

 It is possible that media reports of actions like the Seattle operation function as a general 

threat of punishment (Sherman, 1990; Zimring & Hawkins, 1973), or a socializing and 

moralizing force (Cook, 1980). In addition, it may be the expectation that targeting a few players 

could impact an illicit market as a whole, as has also been noted in the deterrence literature in 

relation to market-oriented crime problems such as drug markets: “…we would expect that law 

enforcement efforts directed at any one of the three types of actors [suppliers, middlemen, and 

customers] would reduce the amount of criminal activity by the other two types of actors” (Cook, 

1980: 236, clarification added).  

 But, while media reports could launch a deterrence threat and targeting a few players may 

impact the market as a whole, several issues raise skepticism about the impact of enforcement 

actions against IMBs. First, online platforms such as online classifieds and review boards 

provide IMBs a vast clientele network who can use these platforms to stay informed about the 

locations and services of IMBs. When clientele are willing to span some distance to frequent 
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IMBs in different neighborhoods, these online platforms offer the venues a locational flexibility. 

Clientele may also use these platforms to discuss police activity and mitigate the risk of arrests 

(Blevins & Holt, 2009; Holt et al., 2008).  

 Second, studies have warned about the ineffectiveness of reactive, traditional vice tactics 

against a crime like human trafficking (Farrell, Dank, et al., 2019; Farrell & Pfeffer, 2014). This 

is because victims of human trafficking often do not self-identify out of fear for repercussions, an 

emotional attachment to their exploiter(s) as well as distrust toward police (Farrell, Dank, et al., 

2019). Furthermore, police officers may not have had specialized training on human trafficking, 

which limits their ability to separate human trafficking from other crimes and illicit behaviors 

such as human smuggling, document fraud, commercial sex or other illicit events that could have 

been part of a human trafficking event (Farrell, Bright, et al., 2019; Irwin, 2017). In the moment 

of an enforcement action against IMBs, it can then be difficult to identify victims or delineate 

human trafficking offenses from other problems. Against this background, it is also worth noting 

that few IMB enforcement efforts have resulted in offenders being prosecuted with human 

trafficking crimes across the U.S. (Polaris, 2018), one notable exception being recent successful 

investigations in Massachusetts (Office of Attorney General Maura Healey, 2018).   

 Third, in the development of enforcement strategies against IMBs, little attention seems 

to be given to the core ideas of deterrence theory and the literature on police intervention 

effectiveness. In particular, it is not clear that the current response is using an evidence-informed 

or place-based approach, or seeks to prevent new IMBs by diminishing local crime opportunities. 

And even though hot spots policing has been associated with statistically significant crime 

reductions in street-level drug markets or areas with active street prostitution (Weisburd et al., 

2006), the applicability of these findings to the context of online-promoted settings is empirically 
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unclear. To inform under which circumstances and through which mechanisms police 

enforcement actions against IMBs could have positive, harm-reduction effects, the following 

sections outline the core ideas about deterrence from the policing literature.  

 

Theoretical Background: Deterrence and Criminal Opportunities  

 Deterrence theory hypothesizes that would-be offenders refrain from crime when the 

benefits of illegal behaviors outweigh the perceived risk of apprehension and legal punishment 

(Gibbs, 1975; Zimring & Hawkins, 1973). Two key assumptions are that would-be offenders are 

rational decision-makers who weigh benefits against risks of crime and that increasing the 

certainty, severity, and swiftness of punishment can impact their crime decisions (Clarke & 

Cornish, 1985; Cornish & Clarke, 1986). While there is mixed support for a deterrence effect 

resulting from severer penalties (Nagin, 2013a, 2013b; Nagin et al., 2015; Paternoster, 2010), 

there is more consensus on the notion that a perceived – rather than objective – likelihood of 

detection and sanctions works as a deterrent effect among individuals contemplating illicit 

behavior (Apel, 2013; Nagin, 2013a, 2013b; Nagin et al., 2015). As was noted earlier, one of the 

ways to influence perceptions on the likelihood of punishment is the advertising of policing 

strategies to provoke a connection, in the public mind, between crime and the response of 

authorities (Sherman, 1990; Zimring & Hawkins, 1973).   

 The literature often distinguishes between general or specific deterrence (Cook, 1980). 

General deterrence strategies aim to prevent a general population from committing crime by 

influencing their perceptions on the likelihood of punishment, for example through increased 

penalties, police presence, or traditional crackdowns. Specific deterrence focuses on chronic 

offenders and seeks to increase their perceptions of sanctions to prevent future offending, a 
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strategy that essentially stems from persistent crime problems that were not prevented through 

general deterrence strategies (Nagin, 2013a).  

 In addition to influencing perceptions of crime risks, a discussion of deterrence also 

requires reference to the opportunity structures that influence a would-be offender’s decision-

making process (Cornish & Clarke, 1987; Nagin et al., 2015; Sherman et al., 1989). This is 

central to crime opportunity theories that posit that places have choice-structuring properties, 

some of which can attract or generate crime (Natarajan, 2017). For example, routine activity 

theory states that crime events are more likely in places where motivated offenders and potential 

victims routinely meet in the absence of capable guardians (Cohen & Felson, 1979; Felson, 

1987; Felson & Cohen, 1980). Furthermore, crime pattern theory highlights the spatial and 

geographic features that signal risk, rewards, or efforts, and which may facilitate travel of 

offenders or suitable targets (Brantingham & Brantingham, 2013). According to these theories, 

an offender’s assessment of crime opportunities can be facilitated by an awareness of 

environmental cues, such as busy areas or open doors (Clarke & Eck, 2005; Felson & Clarke, 

1995). The environmental cues that signal illicit opportunities for IMBs were identified in 

Chapter 3 and include several markers of economic opportunity, such as populous, prosperous, 

and retail areas that are easily accessible through a highway, all of which could facilitate supply 

and demand for IMBs. When learning about these features in the spatial and geographic structure 

of a certain location and weighting those against a potential police threat, would-be offenders can 

adapt their standing decisions to engage in crime (Nagin et al., 2015).   

 Besides local crime opportunities at discrete locations, larger neighborhood dynamics 

provide the social context for crime (Weisburd, 2012; Wilcox et al., 2003) and, as such, can 

further influence a potential offender’s decision to engage in crime. With that in mind, studies 
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have begun to integrate social disorganization and crime opportunities to explain local crime 

events (Weisburd, 2012; Wilcox et al., 2003). As shown in empirical studies, social 

disorganization can moderate the effect of local crime opportunities or strengthen explanations of 

crime at discrete locations (e.g. Jones & Pridemore, 2019). In the context of IMBs, Chapter 3 

identified that a neighborhood’s residential turnover, population heterogeneity, and economic 

inequality indeed provide favorable conditions for the presence of IMBs, in addition to the 

opportunity structures above. Such neighborhood features can diminish informal social control 

and collective efficacy (Sampson et al., 1997; Shaw & McKay, 1942), and also impact an 

offenders perception of low chances to get caught. Beyond the context of crime, this aligns with 

a broader social argument that the behaviors of individuals and groups are nested in larger social 

contexts and structures (Granovetter, 1985; Moody & White, 2003; Uzzi, 1996).  

 Drawing on both deterrence and crime opportunity theories, police can reduce crime in 

two important ways: as apprehension and sentinel agents (Nagin, 2013; Nagin, 2015; Nagin, 

Solow and Lum, 2015). Traditionally, police are trained as apprehension agents in that they 

respond to criminal events that have already occurred and seek to achieve deterrence through 

influencing perceptions of risk and signaling the certainty of apprehension. Opportunity 

theoretical perspectives lay the ground for situational crime prevention measures, which call 

upon the role of police as sentinel agents. In that role, police are the “capable guardians” that 

Cohen and Felson (1979) hypothesize to be one of the central actors who can discourage a 

motivated offender by reducing criminal opportunities (Eck & Weisburd, 1995; Felson, 1995) 

such that benefits from crime are no longer proportionate to the effort and risks (Braga & 

Weisburd, 2010; Nagin et al., 2015). In practice, a combination of strategies based on both the 

apprehension and sentinel roles might be most effective to discourage would-be offenders from 
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engaging in illicit behaviors. This implies the need for a clearer understanding of which police 

responses have been effective. 

 

Empirical Evidence on Effective Police Crime Control and Crime Prevention Strategies 

 The effectiveness of policing strategies is dependent on the way police are deployed 

(Nagin et al., 2015, p. 77). Traditional forms of policing, such as random patrol or tactics similar 

to those observed against IMBs such as rapid response and retroactive investigations have had no 

or limited effects on reducing crime rates (Nagin, 1998, 2013b). These strategies are often based 

on a flawed assumption that criminal opportunities are available to everyone and everywhere, 

thus that influencing the ratio of perceived costs to crime benefits would suffice (Repetto, 1976). 

However, decades-long research shows that police tactics based on this assumption have not 

significantly reduced crime. An example is the evaluation of the Kansas City Patrol Experiment, 

which showed that random patrol did not impact crime levels (Kelling, Pate, Dieckman, & 

Brown, 1974). Current scientific research suggests that policing strategies that are not targeted to 

high-risk people or high-risk places are generally not effective in controlling crime (Weisburd & 

Majmundar, 2018).  

 While traditional policing has overall had limited effects, some police crackdowns – 

which are similar to certain vice tactics against IMBs (e.g. sting operations) – have resulted in 

initial deterrence effects (see, for a discussion, Paternoster, 2010). Police crackdowns aim to 

enhance general deterrence through “sudden increases in officer presence, sanctions, and threats 

of apprehension either for specific offenses or for all offenses in specific places” (see also Eck & 

Spelman, 1987; Sherman, 1990, p. 1). However, deterrence decay seems common for longer-

term crackdowns, which led Sherman (1990) to argue that it may be more effective for residual 
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deterrence effects to have series of intermittent and unpredictable crackdowns that rotate targets, 

and have much publicity while the back-offs have little or no publicity. When this strategy is 

coupled with actual arrests, Sherman (1990) expects effects that are potentially more powerful 

than changing legislature or sentencing.   

 Nonetheless, the policing literature holds most promise for proactive policing strategies 

that are geographically-focused or person-oriented, and use a wide variety of tools and partners 

to respond to crime (Weisburd & Eck, 2004). For example, significant crime reductions have 

been observed for place-based approaches such as problem-oriented or hot spots policing that 

direct policing resources to a nonrandom concentration of crime (see, for overviews, Bowers, 

Johnson, Guerette, Summers, & Poynton, 2011; Braga et al., 2019; Weisburd & Majmundar, 

2018). In particular, a recent systematic review documents that problem-oriented policing 

strategies at hot spots generate stronger effects than increased policing alone (Braga et al., 2019). 

The effectiveness of problem-oriented policing can be attributed to a targeted enforcement 

strategy that is directed at the underlying conditions of crime, and coupled with a community 

mobilization and partnerships with social service agencies. Overall, crime displacement toward 

different areas as a result of place-based strategies is not common (Bowers et al., 2011; Braga et 

al., 2019), in part because crime events are intricately linked to place (Weisburd, 2015), and are 

therefore not easily moveable across space (Weisburd, Braga, Groff, & Wooditch, 2017; 

Weisburd et al., 2006). Instead, there may be a diffusion of crime-control benefits to areas that 

are proximate to the targeted areas (Bowers et al., 2011; Braga et al., 2019). 

 Crime reduction effects can also result from person-focused approaches such as focused 

deterrence strategies that target specific crime problems and seek to change perceptions of 

sanction risks among potential high-risk offenders (Weisburd & Majmundar, 2018). One of the 
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most well-known, and extensively evaluated, focused deterrence strategies is Boston’s Operation 

Ceasefire. This strategy sought to increase perceptions of punishment risks among youth 

involved in or at high risk to be involved in gang violence in several of Boston’s neighborhoods. 

Despite initial skepticism about the evaluation of this operation (Fagan, 2002; Ludwig, 2005), 

rigorous research evaluations demonstrate statistically significant reductions of gang-related 

shootings as a result of person-focused (traditional and nontraditional) policing tactics and 

partnerships with community organizations (e.g. Braga et al., 2014; Braga et al., 2001).  

 In summary, the policing literature reveals limited effects of a traditional law 

enforcement response alone, but there are more encouraging results from proactive, evidence-

informed, and targeted policing strategies. What is missing from the literature is a clear 

understanding of the implications of deterrence theory and policing for online-promoted crimes, 

where a reduced dependency on environmental cues can aid a locational flexibility, facilitate a 

relocation after police actions, and as such undermine the deterrent impact of police strategies. 

Given the limitations of traditional (vice) tactics along with an online promotion of IMBs, a 

robust evaluation of the impact of enforcement actions against IMBs is needed.   

 

Current Study  

 The present study examines the consequences of police enforcement actions against 

online-promoted IMBs. Two objectives guide the analyses. First, this study seeks to evaluate the 

direct impact of police enforcement actions on the prevention of new IMBs in or near the 

targeted areas. Although these enforcement actions are aimed at reducing the number of IMBs, 

the policing literature suggests that a traditional, retroactive response similar to those employed 

against IMBs would have no or limited deterrence effects. Second, this study seeks to understand 
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whether the locations of new IMBs can be predicted beyond the directly targeted neighborhoods 

using information about police interventions, IMBs’ online popularity, and a neighborhood’s 

socio-economic composition. In doing so, it provides an understanding of the relative importance 

of police enforcement actions against a broader set of neighborhood features that can influence 

opportunity structures for IMBs.  

 

Data and Methods 

 The primary data for this study come from one of the largest online platforms for IMBs 

and media reports of police enforcement actions. The website used for the present study operates 

as a review board for clientele who provide the locations of IMBs along with their reviews.18 The 

present analyses rely on publicly-accessible data about the location and popularity (e.g. number 

of reviews) of IMBs. Information about a total of 2,301 IMBs with reviews in or prior to 2017 

was obtained for Massachusetts (N=494), Texas (N=1,272), and Washington (N=535).19 The 

sample decision to restrict the analyses to these three states was based on a relatively higher 

number of IMBs in these states compared to other states and the prioritization of police 

enforcement actions against IMBs at local police departments. While the sample may not be 

fully representative of the total amount of IMBs, the current sample allows for a systematic 

evaluation of the impact of police actions on specifically online-promoted IMBs. IMB locations 

were geocoded to the block group, census tract and place geographies from the 2017 U.S. census 

shapefiles. Nearly all IMBs (N = 2,285, 99%) could be geocoded to these geographies, and were 

 
18 The web address is not provided in an effort to preserve some confidentiality of the 

commercial sex providers, website users, and locations. 
19 Note further that data for duplicate entries were merged. IMBs that shared addresses and a 

strong similarity in names were considered duplicate entries, whereas those that shared addresses 

but had different names were not considered duplicates.  
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distributed across 1,449 block groups (5.66% of total), 1,269 census tracts (15.47% of total) 

across 308 places. The subsequent sections use census tracts as the units of analysis, and have the 

purpose to identify whether police actions prevented the opening of new IMBs anywhere within 

a targeted census tract. Sensitivity analyses were conducted on the level of block groups. 

 Media reports were used to obtain information about police actions associated with a 

closure of an IMB immediately at or shortly after the action. This information was obtained 

through the following steps. First, to retrieve a reliable sample of closed IMBs, a list with 

addresses was constructed for all IMBs that no longer received reviews or were flagged as 

“closed” by the website. This list was used as input for the Google’s Place Application 

Programming Interface (API) to identify which IMBs continued to operate in the month of the 

search (December, 2019). In case an address was not found automatically by the API, a manual 

search was conducted. IMBs that were either reported as closed or were not found by the API 

were kept on the list. This strategy oversamples the number of closed IMBs, which allows for a 

comprehensive search of IMBs that may have been targeted in police enforcement actions. 

Second, a manual search was conducted for the remaining IMBs to identify any possible police 

enforcement action targeting an IMB (e.g. “police/shutdown IMB name address place”). Media 

reports typically included the name, location, and type of police operation (see, for an example, 

Orchard & Staff, 2011). A total of 164 IMBs were targeted in publicized stings, arrests, 

investigations or any other action that resulted in the closure of those IMBs anytime between 

January 2011 and December 2017. Those 164 IMBs were located across 121 different census 

tracts and 126 different block groups.20  

 
20 These actions were all reported in a month after the last online review and exclude police 

enforcement actions at locations that were not reported on the website in 2011-2017.  
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 To obtain socio-economic characteristics about locations of IMBs, data were merged with 

geographically and, as far as possible, time-matching geospatial and population data. This 

included 1) demographic and socio-economic data from the 2013-2017 American Community 

Survey (Manson et al., 2018); 2) spatial adjacency and distance measures calculated from the 

U.S. Census Bureau 2017 shapefiles; 3) the most recent locations of police stations in the three 

states using Google’s Place API; and 4) OpenStreetMap (OSM) to obtain comparable land use 

information across the three states for 2017. 

 

Research Design  

 Two types of analyses were conducted. First, a quasi-experimental research design was 

applied to assess whether police enforcement actions prevented the opening of new IMBs in or 

near targeted areas during a five-year period between 2013 and 2017. Second, machine learning 

techniques were used to predict the location of new IMBs after police enforcement actions and in 

a larger context of choice-structuring neighborhood processes.  

 

Quasi-Experimental Research Design  

 A quasi-experimental research design was applied to obtain a causal impact of police 

enforcement actions on the presence of new IMBs in or near the area where the action took 

place. Propensity score matching routines were applied to compare census tracts with a police 

enforcement action anytime between January 2013 and December 2017 (N = 102, ‘treatment’ 

tracts) with a control group of census tracts that did not face any police enforcement actions 

between 2013 and 2017. The specific census tracts with a police enforcement action in 2011 or 

2012 were excluded from the analyses such that these years could serve as pre-intervention 
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years. Tracts that were immediately adjacent to a treated area (but not treated themselves) as well 

as tracts in counties without any IMB or that had no interventions in the study period were 

excluded from consideration as appropriate control groups.  

Propensity score matching routines using the MatchIt package in R (Ho et al. 2011) were 

applied to identify an appropriate control group. These routines summarize relevant 

neighborhood features and use that to assign a propensity score to each tract. Pairs of treated and 

control tracts were matched based on their propensity scores (see Rosenbaum & Rubin, 1985). 

Propensity score matching was based on the following weakly-correlated neighborhood features 

(see the Appendix for the operationalization of these measures): Prior new IMBs in 2011 and 

2012; concentrated disadvantage, racial and ethnic heterogeneity; income inequality; residential 

instability; % male; being located in commercial, retail, residential, or industrial center; direct 

intersect with a primary road; a police station within a mile distance; city size above 100,000, 

and state.21 The matching resulted in a balanced sample of 95 treated tracts that could be 

matched to the same number of untreated tracts that served as the control group.22 Table 6 

presents the pre-matching and post-matching means for treated and untreated tracts. Insignificant 

p-values (p > 0.05) indicate an absence of difference in group means, which essentially confirms 

that census tracts with similar variables would have the same probability of being treated, 

underscoring the appropriateness of using the best-matched untreated tracts as the control group.  

A longitudinal research design was used where the unit of analysis is the census tract in a 

given month between 2011 and 2017. The outcome measure represents the monthly cumulative 

count of new IMBs. To illustrate this, a census tract with a new IMB in March 2012 and also in 

 
21 See the Appendix for an operationalization of these variables.  
22 Nearest neighbor matching with a caliper of 0.2 and a ratio of 1 was applied.  
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April 2016, was coded as ‘1’ from March 2012 until March 2016, after which it was recoded to 

‘2’. The impact of a police enforcement action on this monthly count was analyzed using a linear 

two-way within-panel fixed-effects model with combined entity (𝑖) and time (𝑡) fixed effects. 

The basic estimation takes the following form: 

𝑌𝑖𝑡 = ∝𝑖+  𝛽1𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 + ∑ 𝛽𝑡

𝑇

𝑡=2

𝑚𝑜𝑛𝑡ℎ𝑡 + ∑ 𝛽𝑖

𝐼

𝑖=2

𝑡𝑟𝑎𝑐𝑡𝑖  +  𝜀𝑖 
 

  

Here, 𝑌𝑖𝑗  is the monthly count of IMBs of tract i. Treatment indicates whether or not a tract was 

treated and equals 1 for all months during or after a police enforcement action, compared to that 

tract’s previous months (Treatment = 0) and a control group (Treatment = 0 in all months). The 

analyses also account for yearly linear and nonlinear trends. Analyses were conducted in R using 

the plm package for fixed-effect models (Croissant & Millo, 2018; Millo, 2017). 

 The validity of the estimation relies on the extent to which group differences prior to the 

first intervention are time constant. This assumption, known as the common trends assumption, 

can be met when linear regression is applied, but could become more problematic for nonlinear 

models where any group differences are required to be absent because exponentiated differences 

could introduce bias to the analyses (Ai & Norton, 2003; Athey & Imbens, 2006; Puhani, 2012). 

Figure 7 presents the count of IMBs across the months between 2011 and 2017 for treated versus 

untreated tracts. The dotted line separates the pre-intervention (prior to 2013) and post-

intervention period (post 2013). Treated and untreated census tracts show a nearly identical trend 

prior to the first intervention, providing support for the common trends assumption.  
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Table 6 Group Means for Treated and Untreated Areas  

Variables Control  Treated  p-value of t-tests 

City Size (> 100,000) 0.516 0.474 0.564 

Tract Population (log) 8.424 8.537 0.204 

Concentrated Disadvantage -0.015 -0.077 0.686 

Residential Instability 0.466 0.343 0.424 

Population Heterogeneity 0.498 0.480 0.518 

Income Inequality 1.127 1.046 0.431 

% Male 0.506 0.500 0.409 

Commercial Center 0.147 0.158 0.841 

Retail Center 0.263 0.253 0.869 

Residential Center 0.326 0.326 1.000 

Industrial Center 0.074 0.095 0.604 

Primary Road 0.358 0.326 0.648 

Police within Mile 0.347 0.358 0.880 

New IMBs in 2011 0.305 0.337 0.744 

New IMBs in 2012 0.263 0.305 0.662 

  

Figure 7 Monthly Cumulative Number of New IMBs in Treated and Untreated Tracts 

(January 2011 - December 2017) 
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Supervised Machine Learning 

 While a quasi-experimental research design was used to identify the impact of police 

enforcement actions in or near the targeted tracts, supervised machine-learning techniques were 

applied to predict where IMBs would (re-)locate after police enforcement actions. As a data-

driven approach, machine-learning models do not seek to explain why an event occurs but help 

identify if an event occurs as a function of a set of relatable items. This study’s analyses sought 

to predict which neighborhoods had new IMBs in 2017 (1 = ’Yes’; N = 353, 4.4%).23,24   

Measures 

New locations in 2017 were predicted using information from a 2016 sample that 

comprised 200 census tracts with new IMBs in 2016 (2.5% of total). The appendix provides an 

overview of the key features of census tracts with and without new IMBs in 2016. Three sets of 

predictors were used, and broadly refer to distance and exposure to police actions, online-

facilitated connectivity and popularity, and neighborhood features. The role of police 

interventions was examined through three variables. First, the shortest distance in miles to the 

closest tract where a police enforcement action took place in or before 2016 was included 

(spatial proximity). Distance between tract centroids was calculated in miles using the spDist 

function in the sp package in R (Bivand et al., 2013). The average distance to an intervention 

area was 33.290 miles, which was shorter for census tracts with new IMBs (�̅� = 10.724) 

compared to those without new IMBs (�̅� = 33.871). Second, social proximity to an intervention 

area was assessed through a binary measure that represents whether or not a tract was socially 

 
23 This is the percentage after accounting for missing information on tract-level features, which 

retained a sample size of 7,966 instead of 8,201 census tracts. 
24 The date of the first review was interpreted as the year of entering an online-promoted market. 

This does not necessarily equal the date of the actual opening. 
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connected to an intervention area through clientele that visited IMBs in both tracts. This was the 

case for an average of 11.1% of the tracts, and significantly more so for tracts with new IMBs 

(72.5%) compared to census tracts without new IMBs (9.5%). Third, to examine a potential city-

level exposure to police enforcement actions, the analyses include the number of police 

enforcement interventions in a city up to 2016 (�̅� = 3.125). The average number of interventions 

in a city was higher for tracts with IMBs (�̅� = 6.580) than those without IMBs (�̅� =  3.036).  

Three measures of online-facilitated connectivity and popularity were included as 

potential predictors for new IMBs. First, the distance to a tract with high-degree centrality was 

assessed. A tract’s degree centrality is a measure of connectivity to other neighborhoods, and 

here indicates how often clientele traveled between tracts to frequent IMBs elsewhere. High-

degree tracts had a degree centrality that was higher than the average and the distance in miles to 

those tracts was calculated. Second, the distance to a tract with high-betweenness was included. 

Betweenness represents the extent to which a tract frequented by clientele stands between other 

tracts (i.e. functions as a pass-through area) and provides for at least an indirect connection 

between those tracts. High-betweenness tracts were tracts with a betweenness score that was 

higher than the average. Third, the distance to a popular tract where the number of online 

reviews was higher than the average was included. Compared to tracts without new IMBs, tracts 

with new IMBs were more often observed in close proximity to high-degree, high-betweenness, 

and popular tracts (see the Appendix).  

Furthermore, the role of a select set of neighborhood features as potential predictors was 

assessed, focusing on those that align with social disorganization or crime opportunity theories. 

While recognizing that a myriad of variables could be included, the present study assesses the 

predictiveness of the variables that were previously associated with the presence of IMBs (see 
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Chapter 3), including population demographics, socio-economic composition (e.g. concentrated 

disadvantage), land use (e.g. commercial and retail land use) and street accessibility (e.g. primary 

road), and the visible presence of a police station within one mile. The appendix provides an 

overview of the operationalization of all variables, along with the total and group means.  

 

Estimations 

Six popular machine-learning techniques were used: Gradient Boosting Machine (GBM); 

Regularization models; K Nearest Neighbor (KNN), Support Vector Machine (SVM), Random 

Forests, and Neural Networks with a Principal Component Analysis. Data were trained on 2016 

data (‘training sample’) and predictive accuracy was assessed on 2017 data (‘test sample’). 

Because machine-learning techniques can be ineffective in detecting rare events, the ‘train 

sample’ was randomly down-sampled such that class frequencies of the train data matched the 

least prevalent class. Re-sampling was done within the training function using the Caret package 

(Kuhn, 2019), retaining 40% of the train data to estimate the model. Centering and scaling of 

predictors was performed and spatial folds for cross-validation were created by indexing tracts 

by cities using the CAST package in R (Meyer, 2018).  

All training procedures involved an internal k-fold cross-validation procedure, where the 

sample was divided in k=10 folds and estimates were derived from a fraction of (k-1)/k) of the 

training data. Prediction errors on the remaining fold were computed to subsequently retain the 

model with best predictive accuracy. Data were trained on the ROC-metric and out-of-sample 

validity was assessed on the 2017 sample using a variety of different performance metrics (see 

the Appendix). The model with optimal predictive accuracy will be presented. All models were 

estimated using the Caret package (Kuhn, 2019). 
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Findings 

Findings from the Two-Way Within-Panel Fixed-Effects Models 

 Figure 7 shows that tracts had an increasing number of new IMBs in the post-intervention 

period, compared to untreated tracts. This adverse impact of police enforcement actions is 

confirmed by the findings of the fixed-effect regression models in Table 7. Model I shows the 

impact of a police enforcement action in the specific tract where the intervention took place. 

There, police enforcement actions were associated with a β = 0.916 statistically significant 

increase (p < 0.001) in the cumulative number of new locations of IMBs per month. This finding 

rejects the hypothesis that enforcement actions reduce the likelihood of new IMBs in the targeted 

areas.25 To examine the localized nature of the impact of police enforcement actions, two 

additional analyses using different geographic units were conducted.26 First, the impact of police 

enforcement actions was assessed in a buffer zone immediately adjacent to an intervention tract. 

As follows from the positive coefficient associated with the police action estimate in Model II of 

Table 7, buffer zones experienced a significant but small increase in the number of IMBs as a 

 
25 To assess the robustness of this finding, several sensitivity analyses were conducted. First, 

some may argue that the months prior to treatment may serve as the best control group for a post-

treatment time given that neighborhood features between treatment and control are absent, 

assuming time indifferences. With that in mind, the models were re-estimated with only the 

treated tracts included where treatment was ‘0’ for all months prior to treatment and ‘1’ for all 

months after treatment. This resulted in a reduced estimate of β = 0.517 (p < 0.01, SE = 0.173, 

clustered robust standard errors applied). Second, while the common trends assumption has 

driven the choice for linear models, robustness checks involved two-way fixed effect models 

using (zero-inflated) negative binomial and poisson regressions. While comparison in 

coefficients is challenged by the linear versus nonlinear nature of the models, the magnitude of 

the police intervention effect is reduced but the direction of the effects was the same. For both 

the negative binomial and poisson model, the effect sizes equaled 0.303 (p < 0.001), which 

equals an incident rate ratio (IRR) of approximately 1.354. The pglm package in R was used for 

the analyses (Croissant, 2020).  
26 Similar matching procedures were performed as for the tract-level analyses.  
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result of police enforcement actions. Second, the impact of police actions was assessed at the 

block group level to evaluate whether the findings would hold even at a more micro-geographic 

level where the presence of new IMBs may be further restricted by space issues. Model III in 

Table 7 shows that the effects on block group level were similar even though the explained 

variance was substantially reduced. Altogether, these findings suggest that the impact of police 

actions was primarily localized to the census tracts where interventions took place.   

 While showing a localized increase of new IMBs, there is one major complication with 

the above analyses. So far, the analyses were restricted to a sample of treated tracts and a 

comparable control group. This, however, excludes a substantial number of tracts where new 

locations opened but where police enforcement actions may have had a less direct impact. 

Considering the growing number of online-promoted IMBs, it is important to understand the 

extent to which police actions play a role in where new IMBs are located across a city, relative to 

other choice-structuring features of neighborhoods.   

 

Table 7 Findings of Within-Panel Fixed Effects Models that Measure the Impact of Police 

Enforcement Actions on the Cumulative Count of New IMBs 

 

 

Variables 

Model I  

Treated Tracts 

β (SE) 

Model II  

Buffer Zones  

β (SE) 

Model III  

Treated Block Groups  

β (SE) 

Police Action 
0.916*** (0.139) 0.085** (0.029) 

0.925*** (0.218) 

Yearly Trend 0.432*** (0.057) 0.086*** (0.011) 0.426*** (0.079) 

Yearly Trend2 -0.030*** (0.006) -0.004*** (0.001) -0.033*** (0.008) 

Overall Intercept -0.282*** (0.129) -0.068*** (0.025) -0.258*** (0.182) 

N (Tracts * Months) 15,960 84,168 17,095 

N Tracts 190 1,002 206 

R2 Within  

R2 Between 

R2 Overall  

0.397 

 0.063 

0.163 

0.107 

0.004 

0.035 

0.225 

0.047 

0.071 

Note. SE = Clustered Robust Standard Errors.  
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Findings from the Machine-Learning Models  

 Machine-learning techniques were used to predict new locations of IMBs as a function of 

spatial and social proximity to police enforcement actions, networks, and socio-economic 

neighborhood features. The results from the model with best predictive accuracy, a gradient 

boosting machine, will be presented below.27 This model predicted more than half of all new 

locations with IMBs in 2017 (see Table 9). While this is a considerable prediction score for rare 

events in a volatile and dynamic market, about 18.7% of the tracts with no new IMBs were 

misclassified as having new IMBs in 2017. This misclassification might indicate that other 

features than those included in the models influence the location of IMBs, although it is also 

possible that these false positives were at risk for new IMBs given their neighborhood features.   

 Figure 8 presents the variable importance associated with all predictors. Variable 

importance represents a weight associated with a predictor, is always zero or positive, and cannot 

be interpreted as coefficients similar to those in regression analyses. Predictors with the largest 

value have relatively the most predictive power. In contrast to traditional explanatory models 

such as logistic regression techniques, most machine-learning models do not assign coefficients 

to the variables. One way to derive meaningful interpretation of the direction of the influence can 

be obtained from the difference in group means as included in Table 11. 

 As follows from Figure 8, two sets of key predictors stand out. First, new IMBs were 

predicted in social proximity to police enforcement actions, which represents clientele who 

frequented IMBs in both the area where police intervened and the areas where a new IMB was 

predicted. Spatial proximity to an intervention area further aided the predictions, although to a 

 
27 While model performance metrics were similar for the different techniques, a gradient 

boosting machine was selected for its highest AUC-ROC score and specificity (see Table 8). 
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lower degree. New IMBs were more often observed in areas spatially close to interventions (on 

average ten miles) instead of further afield. Second, spatial proximity to popular neighborhoods 

mattered. In particular, tracts attracted new IMBs when they were spatially proximate to popular 

and highly interconnected tracts, where the number of prior online reviews or inter-neighborhood 

ties (through clientele frequenting IMBs in multiple neighborhoods) was higher than the average. 

In addition, various socio-economic tract features were important predictors. New IMBs were 

particularly more likely to be predicted in more advantaged, populous, and retail centers, yet also 

in those areas with higher levels of residential instability, and population heterogeneity. Other 

predictors had a decaying importance but still contributed to more accurate predictions than 

when these features were not included in the models.  

 

Figure 8 Variable Importance 
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Discussion  

 Prior information on police enforcement actions against IMBs has largely remained 

anecdotal, lacking the theory and rigorous quantitative assessments that could either support or 

debunk concerns about the effectiveness of these actions. Using rigorous analytical techniques, 

the present study finds adverse effects of enforcement actions against IMBs. First, a quasi-

experimental research design comparing intervention areas with a control group showed that 

enforcement actions were associated with a growing number of new IMBs in the targeted areas. 

Second, predictive machine-learning models were used to identify new locations of IMBs after 

police actions. The model with best predictive accuracy suggests that new IMBs were most 

likely identified in locations that were socially or spatially proximate to police enforcement 

actions. Social proximity was observed through clientele frequenting IMBs in both the 

intervention area and the area where a new IMB was identified. This indicates that new IMBs 

were identified and added to an online-promoted market by clientele who previously went to the 

intervention area to frequent IMBs. In response to an intervention, some clientele may have 

actively searched for new IMBs elsewhere and others might have identified IMBs in an area they 

had already frequented before, in which case a social proximity would also signal a pre-existing 

clientele demand.  

Machine-learning models also predicted new IMBs in populous, advantaged, 

transitioning, and retail areas. The nesting of IMBs in these areas can be an opportunistic 

strategy to avoid suspicion of authorities by blending into a legitimate context (Holt et al., 2008, 

2014), or a business strategy to maximize a potential pool of clientele that may also go to 

neighboring restaurants or shops (Eck, 1995b; Eck & Weisburd, 1995; Felson, 1987). The 

location of IMBs in advantaged areas is in line with recent work suggesting that an online 
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promotion moves IMBs or commercial sexual activity generally to higher-income and suburban 

areas (Bouché & Crotty, 2017; Chin et al., 2019; Venkatesh, 2011). Furthermore, new IMBs 

were identified in areas with a relatively higher residential turnover, which may offer the 

temporary vacant buildings for new IMBs and, along with other neighborhood features such as 

income inequality or racial and ethnic heterogeneity, could also allow IMBs to operate in 

transitioning areas with reduced levels of informal social control and collective efficacy 

(Sampson et al., 1997; Shaw & McKay, 1942). Altogether, these features helped predict about 

half of the new locations in 2017.  

 While a substantive amount of new locations of IMBs can be predicted using 

neighborhood-level information, the adverse effects of police enforcement actions are 

concerning. Several explanations can be provided. In particular, the literature on iatrogenic 

effects of policing strategies suggests that harmful effects can arise from methodological, theory, 

or implementation failures, which refer to inaccurate research evaluations, unsound prevention 

mechanisms from the outset or improper implementations (Ekblom & Pease, 1995). Theoretical 

failure of enforcement actions against IMBs is possible when these interventions are not clearly 

integrated within core deterrence principles or empirical evidence about effective deterrence 

prevention mechanisms. In particular, while media reports about police actions can function as a 

deterrence threat (Sherman, 1990; Zimring & Hawkins, 1973), it is not clear that the media 

reports about police actions against IMBs are part of a deliberate police strategy that seeks to 

alter risk perceptions of would-be offenders through communicating the certainty, severity, or 

swiftness of a police response to a targeted audience. Furthermore, media reports suggest that the 

enforcement actions against IMBs are often reactive (e.g. a response to tips from concerned 

community members), yet more empirical support exists for proactive place or person-focused 
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policing (Weisburd & Majmundar, 2018). In addition to theoretical failure, the interventions 

against IMBs may suffer from an implementation failure by targeting most areas only once. 

Therefore, instead of increasing the unpredictability that could result from rotated and repeated 

crackdowns (Sherman, 1990), media reports about the current response may harm the 

“credibility of the message” (Ekblom, 1999, p. 43) by bringing attention to the limited risks for 

underlying criminal networks and clientele. 

 Other possible reasons for adverse effects are related to the online platforms promoting 

illicit activity in IMBs and fostering demand, which can make the market more resistant and 

adaptive to traditional police interventions. Online platforms can also feed perceptions of low 

likelihood of detection, even when police efforts objectively intensify. For example, qualitative 

work describes that clientele provide details in online review boards as to where and when an 

action occurred (Holt et al., 2008, 2014). While some clientele may be deterred from engaging in 

illicit behaviors when reading such online information, other clientele may opt to “rebound” 

from police actions when they perceive the action as a mere imposition (see, about rebound 

effects, Linning & Eck, 2018; p. 319) and use online platforms to mitigate the risk of law 

enforcement apprehension.  

 Furthermore, organization scholarship can further help explain the market dynamics of 

IMBs that prevent police enforcement actions from having the intended effects. This is because 

IMBs share many characteristics with legitimate organizations operating in risky environments 

where there is an “ever-present potentiality of a catastrophe” (Hällgren, Rouleau, & De Rond, 

2018, p. 125). Organizations that are best-equipped to adapt to unforeseen events rely on several 

strategies to mitigate risk, such as a high degree of interdependence, teamwork, irregular shift 

schedules, a steady flow of new and old colleagues, and a dynamic delegation of leadership roles 
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(Hällgren et al., 2018; K. J. Klein, Ziegert, Knight, & Xiao, 2006). These strategies are 

remarkably similar to the observed modus operandi of IMBs that rely on a shared pool of 

frequently-rotating staff and delegate management and ownership to managers (Polaris, 2018). 

  Organizational scholarship also suggests that disruptions can allow for new business 

opportunities when a situational environment allows for regaining or a relocation of supply and 

demand (Hällgren et al., 2018; Stecke & Kumar, 2009; Sydnor, Niehm, Lee, Marshall, & 

Schrank, 2017, p. 1642). With this in mind, it is important to reiterate that iatrogenic effects of 

intensified law enforcement strategies have been observed in other illicit markets such as drug 

markets or networked problems such as gang violence (see Ekblom & Pease, 1995; Linning & 

Eck, 2018; Werb et al., 2011). While crime and victimizations are substantially different for 

IMBs than for drug markets or gang violence, some of the explanations for adverse effects might 

be similar. For example, some scholars explain adverse effects of drug law enforcement by the 

departure of drug dealers that opens up opportunities for new players who are willing to work in 

a high-risk environment and can cause a more volatile and violent environment (Linning & Eck, 

2018; Werb et al., 2011). Similarly, “weak intervention backfire” effects can occur after arresting 

gang members who were not the key players and unlikely impact the market as a whole, 

especially when “an intense recruitment in response to the loss of a member” follows (see also 

M. W. Klein, 1993; Linning & Eck, 2018; p. 320). Overall, these explanations may apply to the 

context of IMBs, where the networked nature of the problem and an online-facilitated continuous 

pool of supply and demand might explain new illicit opportunities after police actions.   

 Several limitations of the current research design may provide for alternative 

explanations and should be considered in future inquiries. First, machine learning models were 

implemented as first, exploratory approaches to the predictive nature of IMBs, and future 
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research should seek to improve the predictive accuracy and further unravel the key predictors in 

these models. Second, it is possible that police actions may drive a further online promotion of 

IMBs, for example when clientele become more active in online review boards and add reviews 

for IMBs that are new to the online domain but not new to the neighborhood. Third, the current 

study focused on strategies specific to IMBs whereas the market of IMBs could be affected by 

police enforcement actions against other forms of commercial sex. For example, prior literature 

has noted that police crackdowns targeting street prostitution may cause some clientele to choose 

indoor commercial sexual activities in IMBs over street soliciting (Holt et al., 2008, 2014). 

Moreover, a few high-profile clientele arrests or large sting operations could not be linked to a 

specific IMB or geographic location and were not part of this study’s sample. Fourth, different 

types of police actions may have different effects. For example, an action resulting in the 

investigation of human trafficking may have different impacts than an action involving arrests of 

clientele. Similarly, effects may be found in one specific area (e.g. retail) but not in another (e.g. 

residential). More research is needed to unpack such differences across locations and types of 

interventions.   

 While encouraging future scientific inquiries that address the above limitations, the 

findings yield a number of research and policy implications. In particular, this study contributes 

to the literature on iatrogenic effects of policing strategies by showing that non-targeted 

enforcement actions can be associated with harmful effects. There is a need to further explore the 

mechanisms to explain such effects in different crime contexts (see, for an in-depth discussion 

about harmful efffects, Braga, 2016; McCord, 2003). Furthermore, the present study provides a 

new case of a crime problem that has received limited attention in evaluations of policing 

strategies. Most evaluations focus on problems such as gang violence, violent crimes, or 
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robberies, yet limited knowledge exists about the effect of policing strategies against facilities 

such as IMBs. Furthermore, the current study lays the ground for research on the implications of 

deterrence theory and prior evidence on effective policing in the context of online-promoted 

illicit markets. This online promotion is important for future studies on policing because it can 

undermine the effectiveness of law enforcement strategies when it increases locational flexibility 

and provides alternative means to signal illicit opportunities.   

 This study’s findings call for the need to explore alternative responses to IMBs that 

involve partners within and beyond the criminal justice system. While recognizing that IMBs 

present a unique case of crime and victimization problems, lessons can be drawn from proactive 

place-based and person-focused approaches, many of which integrate diverse strategies to 

increase perceptions of risks and reduce criminal opportunities (Bowers et al., 2011; Braga et al., 

2019; Weisburd & Majmundar, 2018). In the context of IMBs, most effective approaches might 

be place-based crime-control and crime-prevention efforts directed at areas where IMBs are most 

likely to be (re-)located, such as areas socially close to prior interventions, and populous, retail 

areas that maintain a vast network of clientele. While arrests or shutdowns of IMBs are likely 

needed in certain circumstances, the findings of this study call for evidence-informed, 

geographically-focused policing strategies that incorporate guardian actions. An example of a 

guardian action could be regular visits to an illicit premise, using initial warnings and victim 

outreach, while saving arrests for continued and more aggravated circumstances of offending 

(see, for an example of such an approach,Weisburd, Hinkle, Famega, & Ready, 2011; p. 305). 

Face-to-face conversations with potential offenders or facilitators may also be an important first 

step in altering their perceptions of apprehension risk (see, more generally, Braga, 2012). 

Furthermore, analyses of the popularity and networks driving IMBs would allow police to focus 
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their efforts on key players, which has shown to be more effective than randomly taking out a 

few actors (McGloin, 2005). Lastly, crime prevention efforts might need to be extended to the 

online domain to influence prostitution-related discussions among clientele and alert their 

conscience, for example by purposively spreading messages about crime and victimization 

problems or focused policing strategies (Holt et al., 2008, 2014).  

 The problem of IMBs is likely too complex for the police to handle alone, which calls for 

a number of different partnerships. There may be a particular role of “place managers” (Eck, 

2002) to increase the visibility of criminal opportunities to potential guardians. Place managers 

could be landlords, owners of legitimate businesses in retail areas, or others in a position to 

organize space, regulate conduct, control access, or change the purpose or population of space 

(Eck, 2015; Madensen, 2007). The findings also point to the importance of alternate strategies 

that do not rely on the criminal justice system but can discourage offending. When considering 

the local opportunity structures for IMBs, these can involve measures such as ordinances 

preventing the opening of a new IMB at a previously targeted location, or regulations around the 

presence of IMBs in retail centers. Alternative approaches can also involve limiting easy access 

to IMBs or other ways to put barriers to revenues from illicit and potentially victimizing 

behaviors, in addition to providing alternative means for a labor force that depends on the 

income from IMBs.  

 Beyond the specific findings of the current study, a proposal to redesign the current 

response against IMBs also stems from concerns about possible harmful effects on victim 

identification and human trafficking investigations. In particular, concerns about a lack of victim 

services, an unjust focus on specific areas or groups of offenders or victims, and an unjust 

treatment of potential victims as offenders of commercial sex can harm the relations between 
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police and potential victims, put a barrier to victim statements and reduce overall community 

trust in police and police legitimacy (Farrell, Dank, et al., 2019). The importance of police-

community relations cannot be underestimated given that the effectiveness of policing depends 

on perceptions on police legitimacy (Braga, 2012; Rosenbaum, 2006).   

 In conclusion, this study lays the ground for future work on policing in online-promoted 

markets. The findings encourage alternative approaches against IMBs using an evidence-

informed and proactive approach that targets specific places and actors, draws on the role of 

police as both apprehension and sentinel agents, and includes structural partnerships with place 

managers, victim service agencies, and community organizations. Future evaluations are needed 

to further evaluate the effectiveness of these strategies in an online-promoted illicit market. 
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Appendix     

Figure 9 ROC Curves for Each Machine Learning Model 

   

Table 8 Model Performance Metrics for Each Machine Learning Model  

 AUC-

ROC 

Train 

Error 

Test 

Error 

Sensitivity Specificity Overall Accuracy [95% 

CI] 

GBM 0.760 0.182 0.198 0.813 0.564 0.802 [0.793, 0.810] 

Regularization 0.754 0.141 0.157 0.860 0.470 0.843 [0.835, 0.851] 

KNN 0.722 0.185 0.201 0.813 0.500 0.799 [0.790, 0.808] 

SVM 0.741 0.126 0.142 0.876 0.473 0.858 [0.851, 0.866] 

Random 

Forests 

0.769 0.162 0.184 0.829 0.538 0.816 [0.807, 0.824] 

Neural 

Network 

0.724 0.210 0.229 0.782 0.533 0.771 [0.762, 0.781] 

 

Notes. AUC-ROC is the Area under the Curve for the probability curve ROC (Receiver 

Operating Characteristics). The higher the AUC, the better the model predictions. Train and test 

errors represent overall incorrect predictions for the train and test samples, respectively.  

Sensitivity is the ratio of correct predictions of no IMBs in tracts (True Negatives) to incorrect 

predictions of IMBs in tracts (False Positives). Specificity is the ratio of correct predictions of 

IMBs in tracts (True Positives) to incorrect predictions of no IMBs in tracts (False Negatives). 
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Table 9 Confusion Matrix for Prediction Validity 

 

 Observed 0s  

(No New IMBs) 

Observed 1s  

(New IMBs) 

Predicted 0s  

(No New IMBs) 

6,186 

True Negatives 

154 

False Negatives 

Predicted 1s 

(New IMBs) 

1,427 

False Positives 

199 

True Positives 

 

Table 10 Operationalization of Predictors 

Variables Operationalization 

IMBs  

Prior IMBs Tract had at least one IMB in 2015 (1 = ‘Yes’). 

Police Enforcement Action  

Spatial Proximity 

  

Shortest distance in miles between a tract’s centroid to another 

tract where the police intervention took place.  

Social Proximity 

  

Tract i was connected to tract j through clientele frequenting 

IMBs in both tracts in or prior to 2016 (1 = ‘Yes’).  

Exposure  

  

Tract i was in a city where police enforcement actions took 

place (1 = ‘Yes’). 

Networks  

Distance to High-Degree 

Tract 

 

 

 

  

Shortest distance in miles to a tract with high degree centrality. 

Degree centrality represents the number of connections 

between any two census tracts as observed through clientele 

frequenting IMBs in both census tracts. High-degree tracts 

were those with a degree centrality that was higher than the 

average.  

Distance to High-

Betweenness Tract 

 

 

  

Shortest distance in miles to a tract with high betweenness. 

Betweenness represents the extent to which a tract connects 

other tracts from and to where clientele travel to frequent 

IMBs. High-betweenness tracts were those with a betweenness 

score that was higher than the average.  

Distance to Popular Tract  

  

Shortest distance in miles to a tract that had more than the 

average number of reviews.  

Population Size  

Population (Log) Log of the total tract population. 

Population City (Log) Log of the total city population.  

Social Disorganization  

Disadvantage (Index) 

 

 

  

Standardized score of the averaged sum of the following 

standardized items: % families with an income below the 

poverty level; % female-headed households with children; % 

of the tract population age 25 and older that was unemployed. 
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Population heterogeneity 

(Index)  

Blau’s (1977) index: 1 - ∑ 𝜋2, where 𝜋 refers to the proportion 

of each racial or ethnic group. 

Residential Instability 

(Index) 

  

Standardized score of the averaged sum of the following 

standardized items: % renters % of the population that changed 

houses in the past year.    
Income Inequality 

 

  

Standard deviation of log-transformed average household 

incomes in the past twelve months (see, for further details 

about a measure of income inequality, Hipp & Kubrin, 2017).  

Crime Opportunities  

% Male Percentage male of total population.  

Land Use: Retail Center  

 

Percent retail land use was higher than the average of the city 

(1 = ‘Yes’). 

Land Use: Commercial 

Center  

Percent commercial land use was higher than the average of 

the city (1 = ‘Yes’). 

Land Use: Residential Center 

  

Percent residential land use was higher than the average of the 

city (1 = ‘Yes’). 

Land Use: Industrial Center 

  

Percent industrial land use was higher than the average of the 

city (1 = ‘Yes’). 

Primary Road Intersect A primary road (e.g. freeway) runs through a tract (1 = ‘Yes’). 

Police Within a Mile 

Distance  

The closest police station was within a mile (1 = ‘Yes’). 

 

State   

MA Tract was in Massachusetts. 

TX Tract was in Texas. 

WA Tract was in Washington. 
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Table 11 Total and Group Means  

Variables Total means No new IMB New IMB 

IMBs �̅� 𝑠𝑑 �̅� 𝑠𝑑 �̅� 𝑠𝑑 

Prior IMBs in 2016 0.095 0.293 0.087 0.281 0.425 0.496 

Police Enforcement Action       

Spatial Proximity  33.29 49.756 33.871 50.079 10.724 26.56 

Social Proximity 0.111 0.314 0.095 0.293 0.725 0.448 

Exposure 3.125 7.268 3.036 7.163 6.580 10.001 

Spatial Networks       

Distance to High-Degree Tract 28.131 51.633 28.654 51.937 7.806 32.034 

Distance to High-Betweenness Tract 28.187 47.636 28.727 47.974 7.231 23.806 

Distance to Popular Tract  20.608 31.716 21.015 31.915 4.809 16.114 

Population Characteristics       

Population (Log) 8.417 0.524 8.413 0.525 8.581 0.468 

Population City (Log) 11.091 2.348 11.061 2.352 12.259 1.841 

Social Disorganization       

Disadvantage (Index) 0 1 0.004 1.005 -0.147 0.776 

Population Heterogeneity (Index) 0.432 0.187 0.430 0.187 0.524 0.164 

Residential Instability (Index) 0 1 -0.012 0.996 0.458 1.053 

Income Inequality 1.038 0.235 1.038 0.236 1.051 0.207 

Crime Opportunities       

% Male 0.495 0.043 0.495 0.043 0.495 0.040 

Land Use: Commercial Center 0.106 0.308 0.103 0.304 0.220 0.415 

Land use: Retail Center 0.152 0.359 0.148 0.355 0.280 0.450 

Land Use: Residential Center 0.233 0.423 0.229 0.420 0.370 0.484 

Land Use: Industrial Center 0.097 0.297 0.096 0.295 0.135 0.343 

Primary Road Intersect 0.257 0.437 0.254 0.435 0.395 0.490 

Police Within Mile 0.255 0.436 0.253 0.435 0.320 0.468 
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Chapter 6  Discussion 

 This dissertation examined the interconnectivity between crime and place in the context 

of online-promoted forms of crime and deviancy. Online-promoted crimes were defined as crime 

types that occur in a physical environment but are facilitated through online platforms that offer 

a new medium to signal and communicate about illicit opportunities. These online interactions 

may have implications for the offline distribution of crimes within cities when they reduce a 

dependency on the environmental factors to determine where and when crime occurs, thus 

allowing for “spatially unbounded” behaviors (see, beyond the context of crime, Phillips et al., 

2019, p. 469; Wellman, 2001, p. 2031). While recent work has begun to argue that online 

domains facilitate the diffusion of crimes such as terrorism or cybercrimes across large 

geographic span (Wall, 2007), criminologists have been slow to analyze the implications of 

increasing access and daily use of the internet for the spatial and geographic distribution of crime 

within cities.  

 To address this empirical void, online-promoted IMBs offered an illuminating case to 

revisit the extent to which the presence of crime and deviancy can be explained by 

environmental conditions as proposed by theories such as social disorganization theory and 

crime opportunity theories. Crime and deviancy in IMBs are promoted by online platforms such 

as review boards or online classifieds advertising for commercial sex, yet these problems are 

different from cybercrimes given that the illicit acts still require an offline location (Polaris, 

2018). While IMBs have been identified as a crime and nuisance problem throughout decades 

(Armstrong, 1978; Bartley, 1994; Bryant & Palmer, 1975), recent concerns are articulated 

around human trafficking victimizations as observed through forced sexual acts, long working 

hours, no or little pay, and working and living in the same location. In addition, the risk to crime 
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and victimization in IMBs extends to other problems such as robberies or organized crime (Dank 

et al., 2014; Polaris, 2018). 

 Using online, geospatial, and population data and robust quantitative methods, this study 

provided three broad findings, which will be discussed in more detail in the next sections. First, 

the findings showed that the locations of IMBs in neighborhoods and cities can, for a great part, 

be explained by criminological theories that assume an intricate relationship between crime and 

place. While corroborating the relevance of theories such as social disorganization and crime 

opportunity theories, the findings also challenged specific theoretical components, for example 

by demonstrating a complex nesting of IMBs in advantaged, yet residentially unstable, and 

populous, yet under-guarded neighborhoods. Second, spatial network analyses documented that 

spatial proximity and socio-economic features mattered for clientele decisions on where to 

frequent IMBs. However, these findings also allude to a locational flexibility of IMBs by 

showing that clientele frequently travelled between distant neighborhoods, thus potentially 

driving a diffusion of crime and deviancy across geographic space. Third, police enforcement 

actions, at least in their current form, have adverse impacts by attracting rather than preventing 

new IMBs. The adverse impacts might result from a disconnect with the core deterrence 

principles or evidence on effective policing models, as well as the online promotion of these 

premises that aids their locational flexibility, signals illicit opportunities, and provides for an 

opportunity to easily gain clientele back after a shutdown (Holt et al., 2008, 2014; Venkatesh, 

2011). 

 Prior to discussing these findings in more detail, it is important to reflect upon this 

study’s purposes. The dissertation as a whole sought to provide new insights into the spatial and 

social patterning of a pressing problem that has persisted across decades (Armstrong, 1978; 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



144 
 

Bartley, 1994; Blevins & Holt, 2009; Bouché & Crotty, 2017; Bryant & Palmer, 1975; Chin et 

al., 2019), yet to which the response has lacked data and robust research. Furthermore, this work 

sought to advance a criminology of place in the age of the internet by examining the applicability 

of traditional notions from ecological and situational theory to the context of online-promoted 

illicit premises. The term “place” was used broadly to refer to any geographic unit, including 

neighborhoods, that may exhibit crime-favoring features (Sampson, 2013). In addition to a 

theoretical contribution, the analyses also sought to provide a methodological contribution to a 

criminology that benefits from the accessibility of new, digitized data for crime-related research 

without being disconnected from theoretical developments. In particular, it sought to spark data-

driven models that integrate a theory-driven approach (Snaphaan & Hardyns, 2019) to assess the 

relevance and meaning of new data and methods, and explore the social mechanisms that bring 

about the social outcomes captured by these data. Lastly, the findings put forward concrete 

policy recommendations, including situational crime prevention efforts that involve actors from 

within and outside of the criminal justice system, and alter both the online and offline drivers for 

the presence and use of IMBs. The findings will be discussed in more detail below. 

 

6.1 Summary of Key Results 

6.1.1 The Location of IMBs Driven by Social Disorganization and Crime Opportunities 

 Guided by social disorganization and crime opportunity theories, a first paper applied 

hierarchical logistic regression models to examine the likelihood of IMBs in 2017 across 4,318 

census tracts within 104 medium-sized and large cities (with a population size of 50,000 or 

more). Overall, the findings support the applicability of several aspects of both theories, but 

neither theory is a fully accurate or sufficient explanation on its own. For example, income 
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inequality, residential turnover and population heterogeneity were strong geographic correlates 

of the presence of IMBs. However, concentrated disadvantage was not and IMBs were, in fact, 

more likely to be located in advantaged areas. Similarly, IMBs were nested in populous, retail 

centers, and areas that were easily accessible through a highway. While these are likely areas 

where the behaviors of clientele and suitable targets are more likely to converge, they attracted 

IMBs in spite of potential proximity to a police station. 

While data limitations impede a direct comparison of a pre- and post-internet phase, it 

seems likely that online domains facilitate the location choices for IMBs. The nesting of IMBs in 

accessible, populous, and legitimate surroundings aside allied, retail businesses, may increase a 

potential pool of clientele who frequent these areas in their routine travels (see, in the context of 

illicit retail places more broadly, Eck, 1995b). However, this socio-economic embeddedness can 

also make it difficult to distinguish IMBs from other similar-looking businesses, in which case 

online reviews provide clientele an informational advantage about where to find illicit 

opportunities (Bouché & Crotty, 2017; Chin et al., 2019; Huff et al., 2018). For the same reason, 

IMBs may also relocate to areas in closer proximity to the routine travels of clientele such as 

more affluent areas considering that clientele frequenting IMBs have been identified as having 

an income higher than average (Polaris, 2018). This nesting in affluent areas aligns with prior 

studies that have observed a relocation of IMBs from lower-income areas (Chin et al., 2015) to 

more affluent areas (Chin et al., 2019).  

Whereas these explanations put emphasis on the importance of crime opportunity 

perspectives and contradict the theoretical relevance of concentrated disadvantage, the findings 

also indicate that complex social mechanisms involving urban change, social stratification, and 

inequality contribute to the problem of IMBs. This supports a partial relevance of social 
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disorganization theory, at the very least to contextualize and strengthen explanations of the 

geography of online-promoted IMBs. While it is important to note that crime opportunity 

theories may have more profound effects when it is measured at more discrete locations (see 

Weisburd, 2015; Weisburd et al., 2012, 2014), the importance of both social disorganization and 

crime opportunity theories aligns with relatively recent studies suggesting that a theoretical 

integration can strengthen explanations of local crime problems (Weisburd et al., 2014; Wilcox 

& Land, 2017). In the present context, a theoretical integration helped explain where illicit labor 

from more marginalized communities had greater potential to meet the demand and routine 

travels of clientele with the financial means to pay for illicit services (Dank et al., 2014; Polaris, 

2018). 

The role of informal social control in the geography of IMBs is complex and requires 

further research. On the one hand, IMBs were located in areas thriven by residential turnover and 

population heterogeneity, which have historically been associated with low levels of informal 

social control (Shaw & McKay, 1942, 1969). On the other hand, IMBs were located in more 

advantaged areas where collective efficacy (Sampson, 2006; Sampson et al., 1997), and a 

potential willingness of neighbors to intervene, can be higher than elsewhere in a city. As a 

potential explanation for IMBs in advantaged areas that otherwise tend to have lower levels of 

crime, it is possible that a local community is not aware of crime and victimization in IMBs, or 

does not consider it to be their responsibility to intervene. It is also plausible that the locations of 

IMBs in advantaged areas is driven by the demand for illicit acts in IMBs that can exist with a 

certain degree of anonymity. Online platforms not only provide clientele the specific locations of 

IMBs, but also an online community that supports and justifies illicit and deviant behaviors 

(Blevins & Holt, 2009; Holt et al., 2014; see also Maratea & Kavanaugh, 2012). In other words, 
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deviant norms may develop online, out of sight of concerned community members, and clientele 

may seek to further hide their illicit behaviors by frequenting IMBs in areas where their presence 

is less suspicious.  

Although these findings demonstrate that the location of online-promoted IMBs is 

nonrandom and intricately linked to place, the analyses do not provide ample evidence for a 

spatial concentration at the neighborhood-level. Modest spatial autocorrelation was found in only 

a few cities. This finding contradicts prior work on IMBs that found significant spatial 

concentration in a few large cities in California and Texas (Chin et al., 2019; Crotty & Bouché, 

2018) as well as extensive research showing that a variety of crimes, including other indoor 

problems such as domestic disturbances, tend to concentrate in specific areas of a city (Sherman 

et al., 1989). Several explanations can be provided for the spatially dispersed nature of IMBs, 

including the possibility that an online promotion of IMBs along with a willingness of clientele 

to span greater distance (see Chapter 4) makes it possible for IMBs to now be located miles apart 

from each other. In addition, the spatially-dispersed nature of the overall market of IMBs aligns 

with a business-oriented strategy of illicit retail places to avoid local competition, minimize law 

enforcement attention (Eck, 1995b), or culturally and linguistically isolate commercial sex 

providers (Chin et al., 2019).   

 

6.1.2 Web-Facilitated Inter-Neighborhood Networks of Clientele Facilitated by Network 

Mechanisms and Crime Opportunities   

 The second paper provides further depth to the potential role of clientele networks of 

IMBs in connecting distant neighborhoods in patterns of crime and deviancy. Clientele often 

frequented IMBs in multiple neighborhoods, and in doing so they connected different 
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neighborhoods in larger spatial networks of crime and deviancy. These spatial networks were 

analyzed through exponential random graph models (ERGMs), which helped explain why 

clientele go from one to another neighborhood to frequent IMBs. A similar spatial network 

approach has been taken in a prior studies that have examined the extent to which crime 

histories, gang co-offending or juvenile delinquency connect neighborhoods in patterns of crime 

(Bichler et al., 2014; Papachristos & Bastomski, 2018; Sampson, 2004; Schaefer, 2012), but 

much less is known about such inter-neighborhood connectivity in the context of online-

promoted crimes.  

 The present study provides further clarity on the extent to which an online environment 

replaces, supplements, or reinforces offline crime opportunities. First, the findings show that 

clientele often traversed neighborhood boundaries to frequent IMBs and in doing so, they 

spanned a total of 6,601 ties between 197 neighborhoods (34.2% of the total amount of possible 

connections). Nearly half of these connections represented multiple visits of clientele spanning 

ties between the same set of neighborhoods. These ties were termed “strong ties”, as they likely 

represent a more enduring connectivity between neighborhoods. While many clientele decided to 

frequent IMBs within a set of spatially proximate neighborhoods, a substantial amount of 

clientele spanned ties across greater distance, thus creating pathways between both distant and 

spatially proximate neighborhoods. These inter-neighborhood ties allow for the diffusion of 

illicit and deviant behaviors and norms across greater distance (Wall, 2007), and might reduce 

the need for IMBs to be spatially proximate to each other (see also Chapter 3).   

In particular, the findings in Chapter 4 show that clientele location choices were not 

disconnected from place features. Instead, the analyses provide evidence for online cues 

supplementing and reinforcing offline crime opportunities. Specifically, the neighborhoods that 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



149 
 

attracted clientele were more advantaged, had an overall higher percentage of male residents, 

population heterogeneity (or a greater racial and ethnic minority), and a police station at a 

minimum distance of a mile. These are situational features that can facilitate a convergence of 

motivated offenders and suitable targets in areas familiar to buyers who seek to attract minimal 

suspicion of authorities. Although these findings corroborate crime opportunity perspectives, 

specifically Eck’s application of routine activity theories in illicit retail markets (see Chapter 

2.2.1), offline, environmental conditions likely operate in tandem with online cues of illicit 

opportunities. For example, prior qualitative research using content analyses of online review 

boards for commercial sex have documented how clientele actively search for areas that align 

with their interests and routine behaviors, and collectively warn each other about intensified law 

enforcement efforts (Holt et al., 2008, 2014).  

 Lastly, the findings suggest that online domains supplement offline, environmental cues 

by providing the motivational cues and exposure to illicit opportunities that may instigate offline 

illicit behaviors and determine the geography of these behaviors. Consider, for example, that 

prior qualitative work has also documented the role of online domains in creating a virtual 

community that shares deviant, sexual interests and provides others the motivations and 

justifications to engage in commercial sex (Blevins & Holt, 2009; see also Maratea & 

Kavanaugh, 2012). With reference to these shared sexual interests, the present study 

demonstrates a statistically significant association between the location of rape incidents and 

clientele visits to IMBs. While more research is needed to understand the relation between sex 

crimes and clientele visits to IMBs, it is possible that the social mechanisms that drive rape 

incidents are the same mechanisms that drive clientele visits to IMBs across neighborhoods. 
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 Furthermore, the analyses show that network mechanisms such as preferential attachment 

and triad formation (Carrington, 2014; Wasserman & Faust, 1994) were prevalent and influenced 

clientele location choices. This means that clientele were most likely to travel between any two 

neighborhoods that were already popular among clientele or to areas that served as a common 

source of popularity toward at least two other neighborhoods. This is an evident consequence of 

the online domain, given that following each other’s footsteps would not have been possible 

without online reviews, at least not to this extent or with the same levels of anonymity.   

  

6.1.3 Limitations of Traditional Law Enforcement Actions 

 Chapter 5 involved an evaluation of the role of police enforcement actions in preventing 

new IMBs. In response to the presence of IMBs, local police use traditional vice tactics such as 

rapid patrol-based responses to citizen complaints or reactive investigations triggered by tips 

from concerned community members. This aligns with the general response against human 

trafficking, which is often delegated to vice units who commonly deploy traditional tools such as 

sting operations or undercover work to identify human trafficking crimes (Farrell, Bright, et al., 

2019; Farrell, Dank, et al., 2019). Despite concerns about the limitations of such responses in the 

context of human trafficking, where presumed trafficked persons do not readily identify as 

victims, traditional vice tactics remain among the most common response models to IMBs and 

human trafficking generally (Farrell, Dank, et al., 2019). This study provides an evaluation of the 

current response model against IMBs through two distinct analyses.  

 First, using media reports of police enforcement actions against IMBs between 2013 and 

2017, a quasi-experimental research design was implemented to obtain a causal estimate of 

potential deterrence effects. The findings show seemingly illogical effects: Tracts directly 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



151 
 

exposed to or in near vicinity of a police enforcement action were more likely to have new IMBs 

after the action, relative to a comparable control group. However, the adverse impact of law 

enforcement actions is not surprising when considering the literature on iatrogenic effects of 

policing strategies, which refers to potential methodological, theory, or implementation failures 

(Braga, 2016; Ekblom & Pease, 1995). With this literature in mind, there may be a disconnect 

between police enforcement actions against IMBs and theory and empirical evidence on effective 

policing strategies. For example, the actions received much media attention that theoretically 

could launch a deterrence threat (Sherman, 1990; Zimring & Hawkins, 1973), but it is not clear 

that media reports after the actions were a deliberate strategy of police. Furthermore, the current 

approach seems to differ from proactive place-based policing models that have shown to be more 

effective by tapping into the prevention mechanism of deterrence and crime opportunity 

reduction efforts, and involve a variety of tools and partnerships (Braga et al., 2019; Weisburd & 

Majmundar, 2018). 

 It is likely that the online-promoted and networked nature of IMBs poses a significant 

challenge to the efficacy of police actions, especially because online classifieds and review 

boards provide IMBs a locational flexibility and potential adaptiveness to interventions (Holt et 

al., 2014). This adaptiveness is aided by the dynamic market structure of IMBs of which the 

interconnectivity between IMBs within and across states allows for a relatively easy replacement 

of managers, employees, and clientele demand. This flexible market structure corresponds with 

organizational strategies of any legitimate business to mitigate risks from unforeseen events 

(Hällgren et al., 2018; Stecke & Kumar, 2009; Sydnor et al., 2017, p. 1642).    

Second, the role of police enforcement actions was further evaluated in predictive 

analytic techniques that unpacked the efficacy of police actions in a broader context of crime-
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favoring neighborhood features. These findings suggest that even neighborhoods well beyond the 

targeted areas could attract new IMBs after police enforcement actions, in neighborhoods that 

had a social connection to the intervention area. This social connection existed through clientele 

who previously had frequented IMBs in both the intervention area and the neighborhood where 

new IMBs emerged. Additionally, new IMBs emerged in spatial proximity to areas where a pre-

existing clientele demand was already profound, as observed through the number of reviews that 

signal an online popularity of these neighborhoods.  

In light of potential crime-prevention efforts (further discussed in section 6.3.4), the 

machine-learning models show a substantially predictable nature of new locations that was 

intricately linked to structural network and choice-structuring neighborhood features. At least 

half of the new locations in 2017 could be predicted using 2016 information about police 

enforcement actions, online-facilitated popularity of neighborhoods, and socio-economic features 

such as reduced levels of concentrated disadvantage, increased population heterogeneity, 

residential turnover, and retail centers. These are factors that align with both social 

disorganization and crime opportunity theoretical perspectives, which further supports an 

integration of these theories (see above). 

 

6.2 Limitations 

 Prior to discussing the implications of these studies together, it is important to reiterate a 

broad set of limitations that may temper the conclusions of this dissertation. First and foremost, 

online review data are not intentionally designed for research purposes. As such, these data are 

an imperfect representation of IMBs and their clientele communities. Digital trace data are 

generally limited by the level of depth of observation given that human clarification to key 
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concepts and social mechanisms captured by the data is often impossible or unethical, leaving 

some uncertainty about the reliability and construct validity of the data (Burrows & Savage, 

2014; Lazer, Kennedy, King, & Vespignani, 2014; Lazer & Radford, 2017). These limitations 

make it critical to triangulate theory, data, and methods such that conclusions can be interpreted 

against the background of a comprehensive theoretical and analytic approach. While this study 

sought to spark future research on crime, place, and networks in the age of the Internet, the 

present study’s conclusions can be best interpreted in the context of the current sample of online-

promoted IMBs.  

 The use of geospatial and population data also does not come without limitations, 

especially because also these types of administrative datasets are not typically designed for 

researchers. Hence, the use of these data impede direct tests of theoretical concepts that often 

require a slightly different operationalization of variables than provided by the data (Salganik, 

2019). Therefore, this study constructed proxy variables to assess the broad applicability of 

theoretical concepts in explaining the spatial, geographic and social patterning of IMBs. The 

robustness of the findings was assessed through multiple sensitivity analyses, and the findings 

were interpreted through  multiple theoretical perspectives. Even so, the findings of this study 

call for further research on crime, place, and networks as well as research that examines the 

reliability of both online and administrative data.  

 Some may also perceive the recent implementation of the Fight Online Sex Trafficking 

Act and Stop Enabling Sex Traffickers Act (FOSTA-SESTA) as a potential limitation. This law 

makes it possible to charge individuals and corporations behind websites for sharing sexually-

explicit content and facilitating sex trafficking. FOSTA-SESTA was implemented in April 2018 

as an amendment to Section 230 of the Communications Decency Act (CDA) of 1996 that would 
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otherwise provide tech companies immunity from being held liable for the publishing of third-

party content (H.R. 1865, Allow States and Victims to Fight Online Sex Trafficking Act of 

2017). The law enabled the FBI to seize Backpage.com, a website with online classifieds for 

commercial sex. Shortly after the implementation of FOSTA-SESTA, review forums, fringe 

dating websites, or other sites where commercial sex or sex trafficking could feasibly happen 

were taken down, moved to hosts outside of the U.S., or access to those websites was banned for 

U.S.-based users. While the law has likely caused some disruption to online-promoted 

commercial sex, it is unlikely that the law would have any bearing on the findings of this study 

given that data were collected well before the implementation of this law. Even so, it is 

impossible to assess the extent to which IMB listings or associated reviews were deleted in 

anticipation of the law. However, the deletion of reviews or listings would only impact this 

study’s findings when data were missing for a specific set of neighborhoods, and there is no clear 

theoretical or methodological reason that would point to such systematically missing data. Other 

limitations were discussed in the previous chapters.  

 

6.3 Implications 

Limitations notwithstanding, the findings from the three papers advance theory on crime, 

place, and networks, propose methodological innovations and inform policy and practice that 

involve stakeholders from within and outside the criminal justice system.  

 

6.3.1 Implications for Research on Commercial Sex and Sex Trafficking  

 At a general level, the papers apply an analytical framework that engages both criminal 

and noncriminal contexts in explanations of the spatial, geographic and social patterning of 
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online-promoted illicit premises and behaviors. In doing so, the study first and foremost sought 

to advance prior work that has begun to illuminate illicit activities in IMBs such as commercial 

sex and sex trafficking (Armstrong, 1978; Bartley, 1994; Blevins & Holt, 2009; Bouché & 

Crotty, 2017; Bryant & Palmer, 1975; Chin et al., 2019). While studies have assessed the risk of 

offending and victimization in the context of commercial sex and human trafficking, this study’s 

emphasis on the socio-economic and organizational dimensions of IMBs redirects the focus on 

one or a few actors to broader neighborhood and network dynamics that exhibit opportunity 

structures for offending and victimization in IMBs. 

 

6.3.2 Implications for Theory on Crime, Place, and Networks in the Age of the Internet  

 Jointly, the three empirical papers speak to the intersections of crime, place, and networks 

in the context of online-promoted forms of crime and deviancy. Overall, the findings from this 

dissertation support the extension of social disorganization and crime opportunity theoretical 

perspectives to the context of online-promoted crime types. However, the empirical complexity 

of an online-promoted market involving IMBs calls for a multifaceted theoretical approach that 

integrates crime opportunity, social disorganization, deterrence, and network theories. For 

example, the combination of social disorganization and crime opportunity theories help address 

both structural neighborhood problems and local illicit opportunities associated with IMBs. In 

addition, the findings underscore the relevance of network approaches to understand IMBs as a 

complex system problem, a networked system that involves the interactivity between many 

different actors (Easley & Kleinberg, 2010). In the present context, the complex system builds 

upon the social and spatial interconnectivity between IMBs, clientele, commercial sex providers, 

and various other actors (Dank et al., 2014; Polaris, 2018). This interconnectivity poses 
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significant challenges to law enforcement responses, but may also illuminate potential points of 

interdiction. With that in mind, Chapter 5 highlights the importance to respond to choice-

structuring neighborhood features, online-promoted networks, and market-specific dynamics to 

increase the effectiveness of policing models against IMBs.  

While confirming the spatially-bounded nature of crime and deviancy, each of the studies 

also produced findings that should alert a criminology of place to a potentially changing 

geography of crime. With crime and deviancy groups increasingly using online domains  

(Blevins & Holt, 2009; Pyrooz et al., 2015), there is at least the option for information and 

interactions to span across greater spatial distance (Wall, 2007). Prior studies have suggested that 

this may not drastically or immediately change the geographic distribution of crime within cities 

when online interactions reflect structural offline realities (Sampson, 2017). Nonetheless, social 

media research provides mixed leads as to whether the internet replaces, supplements, replicates, 

or otherwise alters the geography of offline interactions (see, for a review, Small & Adler, 2019). 

The present study draws attention to a complex fluidity between digital interactions and offline 

behaviors that can more subtly change where and when crimes occur as a result of online 

domains replacing the dependency on some environmental conditions while supplementing and 

reinforcing other conditions. Thus, while supporting criminological theory about crime and 

place, the surprising findings about the spatial dispersity, the embeddedness in advantaged areas, 

and adverse impacts of police presence or enforcement actions call for further research that is 

attuned to the implications of online domains on the geography of crime.  

In addition to the need to further explore the offline-online link in a criminology of place, 

the three papers identify several other issues that can spark future research. For example, future 

research should assess spatial concentration and the role of physical cues on a more granular 
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level. While census tracts are frequently the unit of analysis in ecological theories of crime (e.g. 

Morenoff et al., 2001; Peterson & Krivo, 2009; Schaefer, 2012), local processes may work 

differently dependent on the levels of aggregation (Hipp, 2007, p. 674). The growing availability 

of digitized and administrative data increasingly allows for the operationalization of theoretical 

constructs at smaller units of analysis such as blocks or street segments. Further granularity can 

also be achieved by breaking down several broad concepts into subcomponents. In particular, 

retail land use as an important correlate of the presence of IMBs. This lays the ground for future 

research to now examine whether more specific types of land uses such as nail salons or strictly 

legitimate massage therapy are associated with different opportunity structures for IMBs. When 

examining crime at discrete locations, research may also further examine the locations of IMBs 

in small cities, where the idea of neighborhoods has a different meaning than in larger cities and 

which were excluded from the present study when the population size was smaller than 50,000. 

Such research would be a major contribution to the limited knowledge on the geography of crime 

in small cities (Weisburd et al., 2014). 

 Several issues regarding the presence or absence of deterrence effects deserve future 

research. In particular, the adverse effects of police enforcement actions underscore the need for 

further research on how police can effectively disrupt and prevent crime and victimization in 

IMBs. For example, future research may also examine what would happen if police would target 

those neighborhoods that are the most popular among clientele or provide the most favorable 

conditions for IMBs. Future work may also assess the impact of other deterrence strategies on 

the geographic distribution of IMBs, specifically considering a potential impact of FOSTA-

SESTA or strategies that call upon the responsibility of non-criminal justice actors such as 

landlords of venues or a broader social or professional environment of clientele.  
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 Although this study provides support for the link between crime and choice-structuring 

neighborhood conditions, a major question of public interest is left unanswered: Do IMBs 

increase crime in their local neighborhoods? While the present analyses showed a negative 

association between violent crimes and the presence of IMBs, a few prior studies have suggested 

that IMBs or sexually-oriented businesses such as adult shops can increase crime and physical 

disorder in their immediate neighborhoods (see, for examples, Edwards, 2010; Huff et al., 2018; 

Tewksbury & McCord, 2014). Future work should further assess the plausible threat of IMBs to 

public safety using local-level and longitudinal crime information. 

 Lastly, research on the role of online domains in promoting commercial sex and sex 

trafficking is yet to be further developed. While this was beyond the scope of the present study, 

prior qualitative studies on online-promoted sex-related crimes have highlighted how a 

normalization or justification of sexual violence, commercial sex and sex trafficking can be 

reinforced in online settings such as review boards (Blevins & Holt, 2009; Holt, 2007; Holt & 

Blevins, 2007; Mills, 1998). With that in mind, future research may examine theoretically-

relevant themes such as excessive exposure to deviant behaviors, peer influence in online 

interactions, or the development of internal control mechanisms online. While the present study 

sought to guide local crime prevention and crime control strategies, research on these other 

themes would be better suited to guide strategies that directly target the role of online domains.  

 

6.3.3 Implications for a Computational Criminology  

 With the use of new forms of data and interdisciplinary methods, this study contributes to 

a criminology that increasingly relies on so-called ‘big data’ for deductive testing of theoretical 

concepts and inductive development of new theories and integrated theoretical frameworks. 

This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



159 
 

While there is a myriad of definitions of big data (Lazer & Radford, 2017), and a common 

connotation of the term is the use of large datasets, sample size is no longer an essential feature 

in the current usage of the term (Boyd & Crawford, 2012; Kitchin & McArdle, 2016). The 

volume of data can but is not necessarily a by-product of data that is digitized, created in real-

time, or frequently or actively generated for non-research purposes. Such data can be detailed 

and exhaustive of some system but also messy and invalidated (Boyd & Crawford, 2012; Lazer 

& Radford, 2017; Salganik, 2019; Symons & Alvarado, 2016).  

 While data sources such as social media, financial track records of businesses, or 

digitized administrative records can generate new insights into crime problems, the complexity 

of these new data sources is often overlooked in applied studies that pay little attention to 

construct validity or the social mechanisms that explain the social outcomes captured by these 

data. Hence, studies have called for the need of a triangulation of methods and a theory-driven 

approach to contextualize and explain empirical results (Boyd & Crawford, 2012; Lazer & 

Radford, 2017; Snaphaan & Hardyns, 2019). The present study sought to provide an empirical 

model to integrate a theory-driven and data-driven approach in illuminating crime problems, 

especially those that are facilitated by online domains (see also Snaphaan & Hardyns, 2019).  

 

6.3.4 Implications for Policy and Practice    

 While calling for future research, this study holds strong utility for public policy and 

practice. Broadly, the applicability of ecological and situational approaches to the context of 

online-promoted IMBs points to the relevance of problem-oriented strategies that alter the 

physical, social, and online environment in a way that limits opportunities for crime and 

victimization (Braga, 2008; Goldstein et al., 1990). In the present context, the applicability of 
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socio-ecological and situational approaches establishes a foundation for geographically-focused 

policy efforts. 

 Two concrete sets of practical implications follow from the findings. First, this study 

proposes crime-prevention and crime-control strategies that make an appeal on the criminal 

justice system, specifically problem-oriented policing strategies that target specific contextual 

causes of crime events (see e.g. Braga, 2008; Clarke & Eck, 2005; Weisburd et al., 2006). This 

requires a combination of crime control and crime prevention strategies that are evidence-

informed, geographically-focused and involve less traditional guardian actions that discourage  

motivated offenders by reducing criminal opportunities (Eck & Weisburd, 1995; Felson, 1995). 

Prior work has suggested that face-to-face conversations with potential offenders or facilitators 

could be one such example of a guardian action, saving arrests for more aggravated 

circumstances of offending (Braga, 2012; Weisburd et al., 2011). This approach may be helpful 

in the context of human trafficking victimizations in IMBs, where police often face challenges to 

gain trust and legitimacy among a vulnerable group of potential victims that may fear arrests for 

engaging in illicit activity during their victimization (Farrell, Dank, et al., 2019).  

 Second, the findings can also inform crime prevention and crime control strategies by 

stakeholders outside of the criminal justice system. Considering the limited or even adverse 

effects of policing efforts, policies may need to be resourced to alternate strategies that help 

identify and effectively put a barrier to revenues from illicit and potentially victimizing 

behaviors. Knowledge about the environmental factors that are conducive to IMBs in areas 

where effective forms of guardianship is low can direct crime prevention measures toward 

discrete locations. The present study particularly highlights the embeddedness of IMBs in retail 

centers, which suggests that identification and awareness-raising strategies may need to be 
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directed at these areas in particular. Public-private partnerships, involving a collaboration 

between police and legitimate retail businesses, would have the potential to illuminate crime and 

victimization problems in IMBs at larger scale (see, in the context of labor trafficking, De Vries, 

2018). Specifically, when there is awareness of potential crime and victimizations associated 

with IMBs, legitimate businesses and their customer base can report their suspicions to police, 

which relates their importance as “place managers” in response models to crime (see Eck, 2015). 

Based on the predictive analyses of new locations of IMBs, awareness raising strategies and 

holding local place managers accountable might be particularly promising prevention strategies 

in neighborhoods that are at increased risk for future IMBs (but have not had any yet) due to 

their socio-economic composition that might attract IMBs (see Chapter 5).    

  When approaching IMBs as a complex system problem, it follows that comprehensive 

efforts are needed that target IMBs, clientele and their social communities, and identify and 

protect potential victims. For example, in addition to a role of retail businesses, municipalities 

may consider updating zoning ordinances to reduce or regulate the presence of IMBs in 

neighborhoods that would otherwise provide the most favorable conditions for an illicit market 

of IMBs. Following the network analyses, policy efforts should also focus on curbing the 

diffusion of crime and deviant norms through clientele networks, for example by raising 

awareness on the potential victimizations associated with these deviant behaviors within clientele 

communities and their broader social contexts (e.g. family or work settings). Technological 

innovations would allow for automated and large-scale awareness strategies, for example 

through website owners as online “place managers” who might monitor and regulate online 

interactions, or by sending automated text messages to clientele looking for locations for 

commercial sex online (Williams, 2007). 
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 Furthermore, the results of this study emphasize the need of policy efforts that address 

the socio-economic vulnerability, marginalization, and inequality associated with IMBs. Such 

efforts require partnerships between police, victim service agencies and community 

organizations that regularly visit IMBs to gain trust, help identify and prevent potential 

victimizations, and provide contacts, services or alternative means of employment. These regular 

visits would also provide a contact point for those who need services, which is critical given the 

spatially-dispersed nature of IMBs that increases the isolation among potential victims.   

 

6.4 Conclusion  

 In conclusion, the present analyses deepen our understanding of crime, place, and 

networks in the age of the internet by bridging ideas from multiple criminological theories and 

applying novel data and robust methods. In doing so, this study provides a model for future 

research that assesses the offline geography of online-promoted crimes. The central premise is 

that online-promoted illicit markets are not disconnected from a physical space but are 

interdependent with the neighborhoods in which they operate. Following this premise, the 

present study contextualizes our understanding of crime and victimizations associated with IMBs 

in the surrounding public and social domains. As such, the study advances scholarship and 

guides public policy and practice with research on a complex crime problem that has persisted 

across decades and increasingly emerges as a growing concern that involves serious and multiple 

crime types and victimizations.  

 Furthermore, the findings situate the study of online-promoted crimes as an important 

scientific endeavor within a criminology of place that is concerned with the extent to which 

spatial proximity or physical cues may no longer be key to signal and facilitate illicit 
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opportunities. As more and more communications move to an online domain and criminal and 

deviant groups increasingly maintain an online presence (Blevins & Holt, 2009; Pyrooz et al., 

2015; Quinn & Forsyth, 2005; Thornberry et al., 2003; Wall, 2007), online-promoted crimes are 

becoming central to a criminology of place. The findings in the present study indicate that 

criminological theories such as social disorganization and crime opportunity theories merit 

continued relevance for online-promoted crimes. However, they should also alert criminologists 

to potentially changing geographies of crime. Future research is particularly important given the 

volatility of online domains, which implies that online cues and their potential impacts on 

conditioning local environmental dynamics associated with crime can change.  

 Using innovative data and methods, this study also proposes methodological innovations 

for future work on crime, place, and networks in the age of the internet. With the advent of new 

data and methods, emerging or changing crime problems can be explored and traditional theories 

can be re-assessed, which will have important implications for theory development and theory 

testing. In the present context, a combined theory- and data-driven approach allowed for a 

nuanced, yet comprehensive understanding of a complex crime problem. As such, this study 

contributes to a computational criminology that integrates theory, new data, and interdisciplinary 

methods in explanations of the geography of online-promoted or other forms of emerging crime 

and deviancy (Berk, 2013; Johnson & Groff, 2014).   

 Practically, the multifaceted theoretical approach and use of interdisciplinary methods 

call for comprehensive crime prevention and crime control strategies that limit physical, social, 

and online opportunities for crime and victimizations. A specific set of recommendations was 

proposed to help prevent, identify, and address crime victimizations, including those associated 

with human trafficking. These strategies require an interdisciplinary team, which should involve 
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the criminal justice system, the private sector, community organizations, and victim service 

agencies, in order to effectively disrupt the market and networks that drive crime and 

victimizations in IMBs while securing victim outreach and services.  
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	Chapter 1  Introduction 
	 Illicit massage businesses (IMBs) are a matter of public concern. While presumably hidden, crime and victimization in IMBs occur in stationary locations such as physical storefronts, offices, or apartments, of which at least 9,000 exist across the U.S. (Polaris, 2018). IMBs operate under the guise of legitimate massage while hosting a wide range of different illicit events, including commercial sex, human trafficking, robberies, and organized crime (Dank et al., 2014; Polaris, 2018). In addition to hosting
	 Although the presence of IMBs is not new (Armstrong, 1978; Bartley, 1994; Bryant & Palmer, 1975), they have only recently been couched as part of a national human trafficking problem (Polaris, 2018). Human trafficking involves the exploitation of sexual services and labor through force, fraud, or coercion,1 and can manifest itself in IMBs through exploitative 
	1 Commercial sex and sex trafficking are criminalized under different federal and state legislations. Sex trafficking is criminalized as a form of human trafficking under the Trafficking Victims Protection Act (TVPA) in 2000 that defines it as “the recruitment, harboring, transportation, provision, obtaining, patronizing, or soliciting of a person for the purposes of a commercial sex act, in which the commercial sex act is induced by force, fraud, or coercion, or in which the person induced to perform such 
	1 Commercial sex and sex trafficking are criminalized under different federal and state legislations. Sex trafficking is criminalized as a form of human trafficking under the Trafficking Victims Protection Act (TVPA) in 2000 that defines it as “the recruitment, harboring, transportation, provision, obtaining, patronizing, or soliciting of a person for the purposes of a commercial sex act, in which the commercial sex act is induced by force, fraud, or coercion, or in which the person induced to perform such 

	2000: Section 103, 8a). The elements of force, fraud, and coercion do not need to be proven for an act to be classified as commercial sex. In practice, different perspectives exist on the distinction or overlap between commercial sex and sex trafficking (De Vries & Farrell, 2019). 
	2000: Section 103, 8a). The elements of force, fraud, and coercion do not need to be proven for an act to be classified as commercial sex. In practice, different perspectives exist on the distinction or overlap between commercial sex and sex trafficking (De Vries & Farrell, 2019). 
	2 An ongoing study about risk markers in online reviews of IMBs provides evidence of a 24/7 availability of women who live and work inside IMBs and are being rotated across venues, 

	circumstances such as forced sexual services, long working hours, no or little pay, or working and living in the same location. In response to concerns about human trafficking victimizations, the Department of Justice has awarded over $100 million to anti-human trafficking efforts that involve the identification and protection of victims, in addition to investigations and prosecutions of offenders (U.S. Department of United States Department of Justice, 2019). While not all these resources are devoted to co
	 Despite increased concerns about human trafficking in IMBs, gains in our understanding of the locations and networks where these resources are most needed have been impaired by the absence of a coherent theoretical model, data and methods. Common problems in research on human trafficking are missing or flawed registrations, and limited access to public records about the problems (Farrell & de Vries, 2020; Farrell et al., 2009; Zhang, 2012).2 The recent online 
	which can point to potential human trafficking situation (de Vries and Radford, in preparation). However, using these risk markers to identify human trafficking with certainty is challenged by the fact that human trafficking is often only one of the problems associated with IMBs. This conflates signals of human trafficking with other crime and social problems such as robberies, violence by clientele, and social inequality and stratification. 
	which can point to potential human trafficking situation (de Vries and Radford, in preparation). However, using these risk markers to identify human trafficking with certainty is challenged by the fact that human trafficking is often only one of the problems associated with IMBs. This conflates signals of human trafficking with other crime and social problems such as robberies, violence by clientele, and social inequality and stratification. 

	promotion of IMBs – and human trafficking generally – leaves a digital footprint of illicit behaviors, which this study utilizes to examine the geography of online-promoted crimes and deviancies. A few prior studies have begun to analyze online classifieds or review boards to estimate demand for commercial sex or explain an increasing number of IMBs in populous or more affluent neighborhoods (Bouché & Crotty, 2017; Chin et al., 2019; Crotty & Bouché, 2018). While these studies suggest a systematic nesting o
	 
	1.1 Theories of Crime and Place     
	 This dissertation is guided by theories of crime and place. In particular, ecological and situational theories of crime have been central in studies on other risky facilities (e.g. Bowers, 2014; Eck et al., 2007; Roncek & Maier, 1991) and may also provide viable explanations for the geography and networks of IMBs. Contrary to theories of criminality that seek to explain why certain individuals or groups have an increased propensity to commit crime, ecological and situational theories of crime focus on the 
	dispositions and place, the latter term is used broadly here to refer to any physical environment, big or small, that can exhibit crime-favoring features (see, about the use of the term 'place, Sampson, 2013).  
	 The hypothesized place features that explain a nonrandom concentration of crime differ by theory and geographic focus. Two theories are prominent in the literature on crime and place and are central throughout this dissertation. First, social disorganization theory focuses on the neighborhood-level features associated with rapid change and socio-economic deprivation that make it difficult for a community to maintain social ties and prevent crime within their neighborhoods. The theory’s roots go back to ear
	 While these theories may help explain the spatial concentration of IMBs, they provide less guidance on how crime diffuses across geographic span. To explain such spatial diffusion, criminologists increasingly turn to social network processes. That is because many crime types are networked in the sense that individuals can co-offend or operate within a social network of other law-violating individuals (Papachristos & Bastomski, 2018; Schaefer, 2012; Tita & Radil, 
	2010). Crimes can then diffuse across geographic span through various social processes. For example, offenders can engage in crime in multiple neighborhoods or co-offend with someone residing in a different neighborhood. In doing so, they span a social tie between these neighborhoods, which are then connected in a complex system of crime and deviancy (see Sampson, 2004). It is through these inter-neighborhood ties that crime and deviancy can travel from one place to another. This diffusion has been observed
	 Through explanations of the spatial and geographic patterning of crime, a criminology of place helps inform crime responses that are directed at a physical space. To guide crime control and crime prevention strategies, criminologists have historically drawn from deterrence theory, which posits that crime can be prevented by increasing perceptions of risk among individuals contemplating illicit behaviors (Gibbs, 1975; Nagin, 2013a; Zimring & Hawkins, 1973). While altering the perceptions of risk among indiv
	 
	1.2 The Applicability of Place-Oriented Explanations to Online-Promoted Crimes?  
	 Although the above theories have proven to be suitable, place-oriented explanations for the concentration, diffusion, and prevention of crime, the online promotion of IMBs raises an 
	important question: To what extent is crime indeed intricately linked to physical environments, when online platforms can reduce a dependency on physical cues and signal illicit opportunities at large geographic span? More precisely, is the presence and market for online-promoted IMBs driven by those environmental cues that are central to ecological and situational theories on crime? These questions are important for a criminology of place given that our communication patterns increasingly move toward an on
	 Indeed, crime and deviant groups increasingly maintain a strong online presence and communicate with each other through online platforms like Twitter, Facebook, or crime-specific platforms such as those advertising for commercial sex (Blevins & Holt, 2009; Decker & Pyrooz, 2012; Pyrooz, Decker, & Moule Jr, 2015). In an online setting, motivated offenders can learn about illicit opportunities in any physical location (Holt, Blevins, & Kuhns, 2008, 2014; Wall, 2007), although this exposure to illicit opportu
	 
	1.3 This Study  
	 The present study examines the relevance of traditional notions on the intersections of crime, place, and networks in the context of online-promoted IMBs. Theories about social disorganization, crime opportunities, social networks, and deterrence guided the analyses, which sought to answer the following questions about how an online facilitation may challenge our traditional place-based understanding of crime: 
	1. Do spatial proximity and physical cues of neighborhoods help explain the geography of IMBs within cities?  
	1. Do spatial proximity and physical cues of neighborhoods help explain the geography of IMBs within cities?  
	1. Do spatial proximity and physical cues of neighborhoods help explain the geography of IMBs within cities?  

	2. To what extent do web-facilitated clientele networks of IMBs connect neighborhoods in patterns of crime and deviancy and are clientele travels driven by spatial proximity and physical neighborhood features?   
	2. To what extent do web-facilitated clientele networks of IMBs connect neighborhoods in patterns of crime and deviancy and are clientele travels driven by spatial proximity and physical neighborhood features?   

	3. How do police enforcement actions impact the geography of online-promoted IMBs? 
	3. How do police enforcement actions impact the geography of online-promoted IMBs? 


	 These questions were examined through innovative data and methods. Publicly-accessible data pertaining to 2,301 IMBs that were reviewed between 2011 and 2017 were extracted from one of the most popular review boards for sexual services in IMBs in the U.S.3 These online data were matched with theoretically-relevant data about the neighborhoods where IMBs were located, including socio-economic characteristics, land use information, crime statistics, police presence, and spatial data. Place features were coll
	3 The web address is not provided in an effort to preserve confidentiality of providers, website users, and locations. While the website does not present a complete list of all IMB locations, it represents a sample of interest to the current study: those IMBs that were promoted by an online, popular platform. It should be noted that it is highly unlikely that the implementation of the Fight Online Sex Trafficking Act and the Stop Enabling Sex Traffickers Act (FOSTA-SESTA) had an impact on the findings. This
	3 The web address is not provided in an effort to preserve confidentiality of providers, website users, and locations. While the website does not present a complete list of all IMB locations, it represents a sample of interest to the current study: those IMBs that were promoted by an online, popular platform. It should be noted that it is highly unlikely that the implementation of the Fight Online Sex Trafficking Act and the Stop Enabling Sex Traffickers Act (FOSTA-SESTA) had an impact on the findings. This

	cities in Massachusetts, Texas, and Washington State, which are states that host a substantial number of IMBs, and have prioritized the response against human trafficking problems in IMBs at municipalities and local police departments. Census tracts were selected as an approximation for neighborhoods (see also Morenoff, Sampson, & Raudenbush, 2001; Peterson & Krivo, 2009), where online social interactions might have a reasonable impact on intra- and inter-community ties. Using census tracts as the unit of a
	 Each of the above research questions were answered through combining a theory- and data-driven approach in three interrelated empirical papers. The first paper applied a multilevel model to identify whether social disorganization and crime opportunity theories jointly help explain the spatial patterning of IMBs across census tracts. In a second paper, statistical social network analyses were used to examine how online clientele networks of IMBs connect both spatially proximate and distant neighborhoods in 
	 Together, the contribution of these papers is fourfold. First, this study fills a gap in prior research on IMBs or commercial sex and sex trafficking, much of which has been theory-agnostic or challenged by data limitations. With that in mind, the present study integrates innovative data, appropriate theory, and robust quantitative assessments. Through relying on 
	place-oriented theories and analyzing information about the locations of IMBs, the study of IMBs is being situated in prior work on the larger ecological and social contours surrounding crime events. Second, this dissertation contributes to theory development by extending the application of theories on crime and place to an online-promoted crime type. Prior work has urged criminologists to test “the extent to which criminological “facts” – the age-crime curve, gender invariance, victim-offender overlap and 
	 
	1.4 Roadmap of the Dissertation  
	 The following chapters proceed as follows. Chapter 2 provides the theoretical background for the theories guiding the analyses, highlighting central notions about social disorganization, crime opportunities, social networks, and deterrence. The purpose of this chapter is not to provide a comprehensive assessment and critiques of each of the theoretical perspectives, but to introduce the core theoretical concepts that will be tested in the context of online-promoted IMBs. Chapters 3, 4 and 5 include the thr
	Chapter 2  Theoretical Background 
	 An understanding of the geography of crime within cities is rooted in theories that have been developed prior to the emergence or popularity of the internet. The increasing use of the internet by crime and deviancy groups (Blevins & Holt, 2009; Pyrooz et al., 2015) can have implications for the core tenets of these theories, especially as it pertains to the offline geographies of online-promoted crimes. Considering that the internet allows for rapid, weakly regulated, and somewhat anonymous travel of infor
	 Still, most theories of crime and place are not concerned with the extent to which crimes diffuse across geographic areas as large as countries or regions. Instead, the most fundamental theories of crime and place have been developed and tested with reference to local crime problems, those that concentrate within cities, such as robberies, gang violence, and illicit drug markets. The role of online domains in changing the geography of such crimes has had limited theoretical and empirical attention. While r
	clientele of commercial sex in IMBs can identify new venues online, beyond those that are located on their routine travels between work and home. Although the extension of a myriad of theories to the online domain could be discussed, the focus in this study on the distribution of online-promoted crimes within cities drives the following selection of theories. 
	 
	2.1 Social Disorganization 
	 Social disorganization theory explicitly links crime to the features of neighborhoods. The theory finds its roots in the Chicago School, particularly the work of Park and Burgess who examined the implications of industrialization and urbanization on crime and social problems in Chicago’s neighborhoods in the 1920s (Park & Burgess, 1924). Park and Burgess’ observations were articulated in the concentric zone model, which suggested that the expansion of central business districts created an adjacent “zone in
	 The concentric zone model laid the ground for what was later formalized as the social disorganization theory by Shaw and McKay (1942), which puts emphasis on the economic, cultural, and social deprivation that can accompany rapid and unintegrated urban change. The theory specifically links low socioeconomic status, population heterogeneity and residential instability to crime problems in neighborhoods. These neighborhood features were not hypothesized to directly cause crime, but indirectly would increase 
	of informal social control. For example, constant residential turnover challenges social relations and interactions between neighbors who may then be less likely to engage in informal social control mechanisms, such as calling out deviant behaviors or reporting crime to the police. Similarly, racial and ethnic heterogeneity was thought of as being associated with different cultural backgrounds and potential dissonance in values upon which to build cohesion and integration among residents. It is important to
	 Social disorganization theory has undergone several important changes since the 1940s, especially in response to criticism about the lack of theoretical power due to vague mechanisms that link socio-economic problems to crime (Bursik, 1988). In that regard, a key contribution comes from the work of Sampson and colleagues who demonstrated collective efficacy as a critical factor that mediates the relationship between social disorganization and crime (Sampson & Groves, 1989). Collective efficacy combines the
	 Several other reformulations of social disorganization theory have been made since its first proposal by Shaw and McKay, including changes that draw attention to the structure of 
	contemporary cities that are socially and economically different from Chicago before the 1950s that provided the larger societal, historical, and temporal context for the development of the theory (Bursik Jr & Grasmick, 1993, p. 275; Kubrin & Weitzer, 2003). This has led to further refinements to the theory, for example by including additional social disorganization factors such as income inequality or factors of modern urban change such as gentrification (see, for a discussion, Kubrin & Weitzer, 2003). Des
	 
	2.1.1 Social Disorganization and Online Domains 
	 Online domains are a particularly relevant larger social context that could influence local neighborhood dynamics, although it may not change the pervasive nature of spatial inequality that has been a “mainstay of the American urban landscape” (Sampson, 2017, p. 8958). As Sampson (2017) noted, neighborhoods constantly change, but patterns of urban (im)mobility and the distribution of social ties continue to be driven by economic resources and deprivation (see also Sampson, 2004). This is no less true for t
	this would suggest that social disorganization theory maintains its relevance despite technological changes to our social fabric.  
	 Nonetheless, more theoretical development and research is needed to understand whether traditional notions on neighborhood crime fit the urban landscape of cities in the 21st century. At least three potential factors of change within the urban landscape should be considered in empirical studies: 1) online domains may provide a means to further develop social cohesion (Goldsmith & Crawford, 2014; Hampton & Wellman, 2003), which can help monitor and encourage action against social and crime problems in neigh
	 
	2.2 Crime Opportunities  
	 With their roots in Hawley’s human ecology theory of community structure that stresses the interdependence of crime with place and human activities (Hawley, 1950), crime opportunity theoretical perspectives seek to identify the environmental features that provide numerous opportunities for crime (Cullen, 2010; Felson & Clarke, 1998; Wilcox & Cullen, 2018). These features are often identified through an economic rationale of markets to emphasize that crime occurs within a choice framework of motivated offen
	opportunity perspectives, which relate back to the work of Cloward and Ohlin who also focused on crime opportunities, but argued that these would arise within a social learning framework of delinquent subcultures providing the skills, norms, and instrumental support for illicit behaviors (Cloward & Ohlin, 1960; Natarajan, 2017).  
	 
	2.2.1 Rational Choice, Routine Activities, and Crime Pattern Theories  
	 Drawing further upon a choice framework, scholars commonly distinguish between three crime opportunity theories: rational choice theory, routine activity theory, and crime pattern theory. Unsurprisingly, rational choice perspectives are at the heart of crime opportunity theories and, in their simplest form, assume that would-be offenders make a calculated decision based on the benefits and costs of engaging in crime (Clarke & Cornish, 1985; Cornish & Clarke, 1986, 2017). This decision, however, is inevitab
	an opportunity to engage in crime and delinquency arises (Clarke & Cornish, 1985, p. 160; Kahneman, 2011; Tversky & Kahneman, 1974). 
	   Routine activity theory places the actions of motivated offenders within a triangle of actors that also involves potential victims and crime preventers. By emphasizing the interconnectivity between a physical environment and human actions, the theory posits that crime events occur when the behaviors of motivated offenders and suitable targets converge in time and space under weak capable guardianship (Cohen & Felson, 1979; Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980). Capable guardians can 
	 Eck’s (1995b) application of routine activity theories to illicit retail market places offers a particularly useful framework for the current study. As Eck suggests, illicit market activities need to be situated in locations that are known to buyers and sellers yet attract minimal suspicion. Complete concealment or displacement of illicit market activities is not preferred because this would make it less likely that buyers, sellers, and offenders converge in place and 
	time. Instead, Eck (1995) expects that illicit market activities blend into familiar and legitimate surroundings as a strategy to create and maintain a marketplace. At the same time, poorly-maintained areas also offer increased opportunities for crime events because place managers might have limited interest or ability to regulate the behaviors of people using their property. Examples are small apartment buildings in inner-city areas where property managers lack the resources to screen for illicit events or
	 Crime pattern theory situates this decision-making process within a spatial and geographic context by stating that crime occurs in those locations where environmental cues signal low risk, high likelihood of rewards, and acceptable efforts (Brantingham & Brantingham, 1993, 2013). For example, specific types of land use such as retail areas can function as ‘crime facilitators’ by attracting a large number of people without pre-existing ties, including would-be offenders. Other crime facilitators can be rela
	 Empirical support for crime opportunity theories initially emerged from macro and meso-level studies. For example, as a first assessment and in the development of routine activity theory, Cohen and Felson (1979) analyzed whether the increase in U.S. crime rates could be explained by changes in the overall routine activities of a U.S. society. Drawing on longitudinal data covering the years 1947 to 1974, they observed that increases in labor force participation among married women were associated with incre
	Felson argued that more households were left unattended during the day as a result of this labor force participation change, making these households suitable targets for crimes like burglaries. In a similar vein, Messner and Blau (1987) used data about the 124 largest standard metropolitan statistical areas (SMSAs) in the U.S. and demonstrated that out-of-home activity (e.g. leisure activities outside of the such as sports) were positively correlated with crime rates. On neighborhood level, Sampson and Wool
	 Recent work suggests that macro neither meso-geographic units are the most powerful unit of analysis for crime opportunities when considering that most crime events tend to occur at only a few discrete locations. For example, Weisburd and colleagues (2004) demonstrated that, between 1989 and 2002, half of Seattle’s crime incidents were concentrated at only 4.5 percent of city’s street segments. Similarly, Braga, Hureau, and Papachristos (2011) find that half of Boston’s commercial robberies between 1980 an
	 With the growing digitization of granular levels of data since the 1980s, the number of studies providing explanations for crime concentration at microgeographic units is growing. Eck 
	and Weisburd (1995) have provided a framework that helps summarize these findings by four themes (see also Braga & Clarke, 2014). First, certain facilities can host or generate crime by attracting offenders and suitable targets under minimum supervision of possible crime controllers such as landlords (e.g. bars, see Eck et al., 2007; Groff & Lockwood, 2014; Roncek & Maier, 1991). Second, physical and social characteristics of a place can impact its attractiveness for offenders such as type of homes or the v
	 
	2.2.2 Crime Opportunities and Online Domains   
	 Technological advances change our daily routines and may, by extension, have an impact on crime opportunities (Felson, 1987). The internet is undoubtedly a major technological change and studies have called out the online domain as the new “virtual convergence space” where the activities of offenders and victims can converge in an online setting (e.g. Pyrooz et al., 2015, p. 476). A few prior studies have utilized these new online settings to revisit crime opportunity theoretical concepts, albeit mostly in
	consumer behaviors and internet fraud. Using survey data about 922 adults in Florida, their analyses show that greater participation in remote and under-guarded online shopping behaviors increases an individual’s risk to be targeted in an online fraud scheme (see, for another example on online fraud, Reyns, 2013). However, the authors also note that target attractiveness and expected rewards might be less relevant theoretical notions in the context of online fraud victimization. Furthermore, an increasing a
	 While these studies illustrate the possibility to extend the ideas of crime opportunity theories to online settings, they provide little clarity on the extent to which online cues replace, supplement, or reinforce offline crime opportunities. More pertinent to the current study is recent qualitative work that has relied on crime opportunity theories to examine the “virtual subculture of Johns”, buyers of commercial sex, in online review boards (Blevins & Holt, 2009). Drawing on content analyses of reviews 
	 When considering the implications of online settings for an offline geography of crime, three scenarios deserve further attention in the application of crime opportunity theories. First, routine online behaviors may be spatially patterned in the same way as offline behaviors when offenders respond to online cues about the characteristics of neighborhoods they are familiar too, actively search for crime opportunities in nearby areas, or seek to use a secure platform to connect with their peers. Second, crim
	 
	2.2.3 Integrating Social Disorganization and Crime Opportunities  
	 Although social disorganization and crime opportunity theories have substantially different theoretical foci and are often measured using different geographic units of analyses, recent work has called for their integration in explanations of the geography of crime within cities. The central argument is that illicit opportunities can be contextualized by broader neighborhood dynamics (Braga & Clarke, 2014; Smith, Frazee, & Davison, 2000; Weisburd, Groff, & Yang, 2014; Wilcox & Land, 2017). As such, a theore
	 First, an integrated theoretical approach can strengthen explanations of local crime events (Weisburd et al., 2014). This is supported by studies that report statistical significance of both 
	social disorganization and crime opportunity variables and an overall improved model fit of models that account for both sets of theories. For example, a study using crime incident data for automobile theft in blocks, Rice and Smith (2002) identified that opportunity (e.g. vacant/parking lots), offender traffic (e.g. commercial areas), low community control (e.g. low number of owner-occupied places), and other social disorganization variables (e.g. proximity to downtown areas) improved explanations for auto
	 Second, neighborhood dynamics can moderate the effect of local crime opportunities (Wilcox, Land, & Hunt, 2003). An example is a recent study by Jones and Pridemore (2019) who analyzed data about violent and property crimes on street segments and in neighborhoods in Lexington, Kentucky. They find that social disorganization variables such as neighborhood (in)stability and mixed land use moderate the effects of local crime opportunities. As an illustration, public places independently attracted more violent
	 In addition to strengthening explanations on where crime occurs, social disorganization and crime opportunities also provide complementary, and to some extent overlapping, perspectives on crime prevention strategies through social control mechanisms (Braga & Clarke, 2014). The theories are complementary when considering that formal social control mechanisms exercised by police or other capable guardians can be the sole crime preventers in areas with low 
	levels of informal social control. The theories overlap regarding the role of informal social control: Similar to social disorganization theory that suggests that positive connections between residents help reduce crime (Sampson & Groves, 1989), crime opportunity theories refer to positive influences from relatives, friends, and other “intimate handlers” who can discourage would-be offenders or reduce target suitability (Braga & Clarke, 2014; Eck, 1995a; Felson, 1995).   
	 
	2.3 Social Networks and Crime Opportunities  
	 A neighborhood-based understanding of crime also involves the social networks that make up the communities in these neighborhoods. A social network is a bounded set or sets of individuals, organizations, or any other actors upon which relationships can be defined (Wasserman & Faust, 1994). Through these relationships, people can influence each other and capital, goods, information, and ideas can flow between any two actors (Jackson, 2010; Wasserman & Faust, 1994).   
	 The study of social networks has become popular in criminology in two distinct ways. On the one hand, studies have shown that social networks can reduce crime and deviancy through inducing neighborhood satisfaction, cohesion, and social organization (McGloin & Kirk, 2010; McGloin & Nguyen, 2013). On the other hand, social networks can create numerous opportunities for crime through exposing people to acts of crime, providing instrumental support, or facilitating the diffusion of information, capital, and n
	 Clearly, the role of social networks in crime and deviancy requires an integration with criminology theories, many of which already acknowledge the social processes related to peer 
	selection, influence, and exposure (McGloin & Nguyen, 2013; Papachristos, 2011). Of most relevance to the present research are the social interactions that initiate or broaden an offending repertoire and awareness space of opportunities for crime (Andresen & Felson, 2009). These social opportunities imply an embeddedness of crime in structures of social relationships. This is similar to what Granovetter meant when he pivoted the term social embeddedness as the systematic nesting of economic action in larger
	 Research on commercial sex and sex trafficking has taken a more instrumental approach to the study of social networks by examining the structures of criminal networks. In doing so, most studies have relied on court records to analyze trafficking operations. For example, Campana (2016) constructed Nigerian sex trafficking rings from police records in Europe and identified a loosely organized network structure as opposed to previously presumed hierarchical organized crime structures. Denton (2016) examined c
	oftentimes still rely on court records to determine and search for the characteristics of human trafficking. A few studies have qualitatively begun to describe how IMBs are connected through shared ownership of venues or the frequent rotation of commercial sex providers between IMBs (Chin et al., 2019; Dank et al., 2014; Polaris, 2018).  
	 To date, the role of clientele networks in driving commercial sex and sex trafficking in IMBs has received the least empirical attention, in spite of prior work that has suggested an elevation of commercial sex through a growing online community of clients that review sexual services and learn about illicit opportunities through online classifieds and review boards (Bouché & Crotty, 2017; Holt, Blevins, & Fitzgerald, 2016; Holt et al., 2008, 2014). While online clientele communities may not fall in the tra
	 
	2.3.1 Spatial Networks  
	 Social networks, including crime and deviancy networks, are often spatially bounded given that they tend to be centered around shared nodes of activity (e.g. shopping centers, gyms, schools). Therefore, we often socialize with people in spatial proximity to us because of increased opportunities to connect and because it takes the least amount of effort (Blau, 1977; Zipf, 1949). Criminal and deviant individuals seem to operate in a similar way given that prior studies demonstrate that connections with crimi
	relates to the spatial concentration of crime within neighborhoods and explains the focus in criminology on intracommunity dynamics or “internal characteristics of a “neighborhoods’ neighbors” (Sampson, 2012, p. 61).  
	 However, intercommunity dynamics are important when considering that many daily routines traverse neighborhood boundaries (Phillips, Levy, Sampson, Small, & Wang, 2019; Sampson, 2012). In daily routines, residents often cross neighborhood borders several times a day, for example when traveling between work and home. Every move between neighborhoods spans a tie between the origin and destination (Sampson, 2012, p. 311), and neighborhoods then become “nodes in a larger network of spatial relations” (Sampson,
	 As far as it pertains to criminal activity, illuminating the connectivity between neighborhoods is of utmost importance to understand processes of crime diffusion. While criminologists have embraced the notion that internal neighborhood dynamics can be influenced by dynamics external to that neighborhood (Mears & Bhati, 2006), only a few studies have empirically addressed the role of social networks in creating pathways through which crime travels. For example, Sampson examined the connectivity between nei
	neighborhoods (Sampson, 2012). Later studies corroborate such findings on spatial homophily using different spatial networks of crime and deviancy such as gang co-offenders that reside in different neighborhoods (Bichler, Malm, & Enriquez, 2014; Papachristos & Bastomski, 2018; Schaefer, 2012) 
	 
	2.3.2  Spatial Networks and Online Domains 
	 Increasingly so, online domains have allowed social networks to become “loosely bounded”, “sparsely knit”, and “spatially unbounded” (Phillips et al., 2019, p. 469; Wellman, 2001, p. 2031). This, particularly, may challenge our neighborhood-based understanding of crime and a city’s social fabric generally given that individuals can now rely on social support or information outside one’s own neighborhood (Wellman & Hampton, 1999). Indeed, social network studies have drawn attention to changing social worlds
	 Despite the implications for the concentration, diffusion, and prevention of crime, criminologists have been slow to analyze how online communications may influence spatial networks of crime and deviancy. In an attempt to fill this empirical void, Chapter 4 presents online-promoted IMBs and their clientele networks as an illuminating case to assess web-
	facilitated networks of crime and deviancy. That is because the possibility to link an online promotion of illicit opportunities to offline behaviors enables an assessment of the role of spatial proximity and physical space in the formation of web-facilitated networks and behaviors. It is the online facilitation of clientele networks that may challenge traditional notions on the spatial diffusion of illicit behaviors and deviant norms.   
	 
	2.4  Deterrence and Crime Opportunities  
	While social disorganization, crime opportunity, and spatial networks make explicit assumptions about the interconnectivity between crime and place, deterrence theory – as a last important theoretical perspective to discuss – is not inherently about place but has important implications for place-oriented responses to crime. Deterrence theory builds upon a rational choice framework by positing that would-be offenders refrain from crime when they perceive the risk of apprehension and legal punishment to outwe
	When referencing strategies that alter these perceptions of risk, the deterrence literature often distinguishes between general and specific deterrence (Cook, 1980). General deterrence seeks to influence the perceptions on the likelihood of punishment among a general population, and may involve increased penalties, police presence, or traditional crackdowns. Specific deterrence targets chronic offenders and seeks to prevent their future offending, for example 
	through strategies that are focused on a group of individuals at higher risk to engage in violence (e.g. gang members).     
	The effectiveness of altering perceptions of crime risks needs to be understood in relation to perceived crime opportunities, which are part of an offender’s decision-making process (Cornish & Clarke, 1987; Nagin et al., 2015; Sherman et al., 1989). As was discussed earlier, this decision-making process can be structured by specific features of neighborhoods and discrete locations (see section 2.2). In particular, crime pattern theory would highlight the choice-structuring features that signal risk, rewards
	However, police are traditionally trained as apprehension agents that respond to criminal events that have already occurred, and tend to use reactive law enforcement strategies such as investigations or rapid patrol, often in response to tips from concerned community members. Such responses are also commonly deployed against human trafficking problems. Indeed, the police response to IMBs is often delegated to vice units who use sting operations, undercover work, or reactive investigations to identify and re
	Instead, there is ample evidence of the effectiveness of proactive policing strategies that are evidence-informed, target specific places or likely offenders, and draw on both the prevention mechanism of deterrence and crime opportunity reduction efforts (Weisburd & Majmundar, 2018). For example, a systematic review on hot-spots policing indicates that problem-oriented policing, which involves an evidence-based model using information about where and when crime occurs (Goldstein, Goldstein, & Hill, 1990), g
	Papachristos, 2014; Braga, Kennedy, Waring, & Piehl, 2001). In short, powerful crime control strategies honor core deterrence ideas, rely on a wide variety of tools, and engage various partners in crime control and crime prevention strategies (Weisburd & Eck, 2004).  
	 
	2.4.1  Deterrence, Crime Opportunities, and the Online Domain 
	 While proactive place-based approaches have proven to be effective against various crime types that are concentrated at discrete locations (e.g. robbery or gang violence), there is little clarity about the impact of general or specific deterrence strategies against online-promoted crime problems such as IMBs. Few studies have begun to argue that problem-oriented policing strategies cannot readily be applied to cybercrimes (Walker, Brock, & Stuart, 2006), whereas others suggest that core deterrence ideas an
	 The focus on offline problems that are online-promoted sets the present study apart from the above studies that focus on cybercrimes. When the geography of online-promoted crimes is indeed nonrandom and when these crime types are thus intricately linked to place features, evidence-informed strategies can target specific places and diminish criminal opportunities in these places. Nonetheless, online domains pose a significant challenge to place-based policing models. In particular, the relative anonymity of
	Prior qualitative work about commercial sex and sex trafficking has alluded to these challenges. These studies have provided rich accounts of how clientele of IMBs use online review boards to search for local illicit opportunities (Holt et al., 2016; Holt et al., 2014). At least among an active group of clientele, exposure to these illicit opportunities may be larger than direct exposure to risk, making it challenging for any strategy to increase a perception of risk disproportionately to illicit opportunit
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Chapter 3  Risky Facilities, Crime Opportunities, and Urban Transition: The Case of Online-Promoted Illicit Massage Businesses  
	Introduction 
	 Although cities have had illicit massage businesses (IMBs) throughout decades (Armstrong, 1978; Bryant & Palmer, 1975), the growing number of IMBs across cities in the U.S. and their connectivity to human trafficking operations has raised recent concerns about these venues. IMBs are risky facilities that host a wide range of crime and victimization types. In addition to human trafficking, concerns exist about a wide range of other crime types such as violence committed by clientele, robberies and organized
	 In doing so, this study relies on socio-ecological and situational theory that have also guided previous studies on the location of risky facilities (e.g. Bowers, 2014; Eck et al., 2007; Roncek, 1981; Roncek & Maier, 1991; Wilcox, Quisenberry, Cabrera, & Jones, 2004). In particular, social disorganization theory puts emphasis on the neighborhood features that challenge a community’s ability to maintain social ties and informal social control to prevent crime within their neighborhoods (Shaw & McKay, 1942, 
	signal illicit opportunities and facilitate a convergence of motivated offenders and suitable targets under weak capable guardianship (Cullen, 2010; Felson & Clarke, 1998; Wilcox & Cullen, 2018). Recent work has called for an integration of both social disorganization and crime opportunity theories, in particular because socio-economic neighborhood dynamics can provide the context for local illicit opportunities (Smith et al., 2000; Weisburd et al., 2014; Wilcox & Land, 2017).  
	 While these theories have guided decades of research about the spatial concentration and variability of crime within cities, it is important to assess whether traditional assumptions of crime and place continue to apply to risky facilities and crime events that are promoted by online media. That is because online domains allow for the travel of information about illicit opportunities through which crime can diffuse across large geographic span (Holt, 2013; Wall, 2007). This may reduce a dependency on speci
	 Therefore, the present study extends the testing of theoretical concepts from both social disorganization and crime opportunity theories to the context of online-promoted IMBs. The analyses draw on user-generated review boards, which are online platforms where clientele post and read reviews about illicit sexual services in IMBs, to gather and analyze the locations of online-promoted IMBs in 4,318 census tracts across 104 medium-sized and large cities. These data were merged with geospatial and population 
	response to IMBs is often initiated by city authorities and involves the closure of parlors, clientele arrests, or police investigations into sex trafficking or related crimes (Polaris, 2018).  
	 The findings provide a comprehensive view of the neighborhood features that are associated with the presence of online-promoted IMBs. As such, it seeks to provide new theoretical leads for the role of online domains in adjusting traditional assumptions about which physical features of neighborhoods attract crime facilities. Knowing about the geographic correlates of online-promoted crime problems provides policy-relevant insights as to where place-based crime prevention and control strategies may be effect
	 
	Risky Facilities and the Case of Illicit Massage Businesses 
	 IMBs are both crime absorbers and potential crime generators. That is because they are not only a venue for commercial sex and human trafficking, but can also attract a wide range of other illegitimate activities such as robberies, organized crime, and money laundering activities (Dank et al., 2014; Huff et al., 2018; Polaris, 2018). Furthermore, recent work suggests that IMBs or other sexually-oriented premises have the potential to increase overall levels of neighborhood crime and disorder (Huff et al., 
	generating effects align with the “risky facilities” terminology that describes facilities such as nightclubs, dance halls, red light districts, or pubs and taverns (e.g. Bowers, 2014).  
	 These risky facilities are of concern when they host (i.e. absorb) or increase (i.e. generate) crime in their immediate neighborhoods (e.g. Bowers, 2014; Eck et al., 2007; Roncek, 1981; Roncek & Maier, 1991; Wilcox et al., 2004). For example, places such as banks, bars, gas stations, or sports facilities have shown to be at increased risk to crimes such as burglaries when they are located in popular areas where they are more likely to feature in the collective awareness spaces of offenders (Brantingham & B
	 Although IMBs differ from risky facilities such as pubs and taverns because their inherent purpose is to offer illicit services, the systematic nesting of these establishments in certain neighborhoods might be driven by the same processes that attract other risky facilities. The literature on risky facilities has overwhelmingly drawn on theories about the geographic distribution of crime within cities to explain where, why, and when risky facilities host or generate disorder and crime (Eck et al., 2007; Ro
	2019; Crotty & Bouché, 2018), perhaps because of resident objections to sex-related crimes, immorality, and public nuisance associated with these places (Hubbard, Boydell, Crofts, Prior, & Searle, 2013; Hubbard, Matthews, & Scoular, 2009; Prior & Crofts, 2012). In addition, when IMBs are located in retail areas, this can be a strategy to benefit from business incentives and a shared pool of clientele from shopping malls, high-traffic areas, or restaurants and coffeeshops (Chin et al., 2019; see, in the cont
	 Furthermore, prior work has identified a significant spatial concentration of IMBs in cities in California and Texas (Chin et al., 2019; Crotty & Bouché, 2018), in spite of other studies noting the possibility that illicit markets avoid a spatial concentration to limit local competition, minimize law enforcement attention (a clustering of illicit facilities is difficult to hide), or as a means to culturally and linguistically isolate immigrant female workers, the latter of which can increase their vulnerab
	 While demonstrating a systematic nesting of IMBs in particular neighborhoods, none of these prior studies on IMBs have systematically explored the issue through the lens of criminological theory. A criminological perspective on the location of IMBs is necessary given the documented crime and victimization in these places and to avoid that common geographic correlates of crime are overlooked. The following sections introduce social disorganization and 
	crime opportunity theoretical perspectives that guide this study’s analyses on the spatial and geographic distribution of online-promoted IMBs.  
	 
	Urban Transition and Social Disorganization  
	 Commercial sex establishments or illicit vice areas were central to early theoretical developments of criminological and sociological perspectives on crime and place. Specifically, Park and Burgess’ work stems from field research related to Chicago’s vice districts and dance hall patrons in addition to immigrant and African-American communities, apartment house dwellers and various other populations (Heap, 2003; Park & Burgess, 1924; Reckless, 1925). Through observations of the types of areas where these b
	 The work of Park and Burgess is important to mention not only because of the historical link with commercial sex establishments, but also because the neighborhood features associated 
	with crime in transitional zones have been integrated as popular components in theoretical and empirical inquiries on crime in subsequent decades (Veysey & Messner, 1999). In particular, social disorganization theory (Shaw & McKay, 1942, 1969) focused on three structural neighborhood features that Park and Burgess had observed in transitional zones: low socioeconomic status, population heterogeneity, and residential mobility. Shaw and McKay  (1942, 1969) hypothesized that these neighborhood dynamics would i
	4 It is important to note that the theorized link between population heterogeneity and crime has received scrutiny and mixed empirical support. Its inclusion in empirical work needs a nuanced interpretation where racial or ethnic communities are not inherently linked to crime but where mixed populations can be associated with limited opportunities for social interactions resulting in lower social control or guardianship (Bursik, 1988; Kubrin & Weitzer, 2003). 
	4 It is important to note that the theorized link between population heterogeneity and crime has received scrutiny and mixed empirical support. Its inclusion in empirical work needs a nuanced interpretation where racial or ethnic communities are not inherently linked to crime but where mixed populations can be associated with limited opportunities for social interactions resulting in lower social control or guardianship (Bursik, 1988; Kubrin & Weitzer, 2003). 

	 Although the mechanisms through which these neighborhood features would contribute to crime have long remained unclear (Bursik, 1988; see also Kubrin & Weitzer, 2003), the work of Sampson and colleagues (Sampson & Groves, 1989) identified the role of collective efficacy as the key factor that links relative deprivation to crime. Collective efficacy was defined as the “social cohesion among neighbors combined with their willingness to intervene on behalf of  the common good” (Sampson et al., 1997, p. 918). 
	development of the theory (Bursik, 1988). For example, studies have accounted for structurally changing cities by adding variables such as urbanization or gentrification (Sampson & Groves, 1989; Veysey & Messner, 1999). These processes may create sharp income inequalities between the relative wealth from businesses districts with lower incomes, creating an overall situation of relative deprivation (Hipp & Kubrin, 2017; Morenoff et al., 2001). 
	 One may question the applicability of social disorganization theory to crime problems in the 21st century because many social interactions move toward the online domain, which has potential implications for neighborhood-level socio-economic processes. While little research has directly examined social disorganization theory against the background of online interactions, recent work by Sampson (2017) is suggestive of the continued importance of social disorganization theory in a digital age. Sampson argues 
	in virtually any neighborhood, it is unclear whether this online promotion implies a disconnect between the local presence of IMBs and neighborhood processes.  
	 
	Crime Opportunities 
	 Another foundational set of theories that is commonly used to explain the nonrandom distribution of crime within cities are crime opportunity theories (Cullen, 2010; Felson & Clarke, 1998; Wilcox & Cullen, 2018). Three crime opportunity theories are commonly included in the literature on crime and place, all of which share the purpose to identify where and under which circumstances crime events occur (Natarajan, 2017). First, rational choice perspectives rely on an economic rationale and a choice framework
	 Although crime opportunity theories are frequently measured at microgeographic units such as blocks or street segments (Weisburd, 2015; Weisburd et al., 2004), crime opportunity theories merit attention in the context of the current study that focuses on neighborhoods. This is because prior work has suggested that IMBs might indeed concentrate in areas where the demographics and socio-economic features represent a greater likelihood for clientele and suitable targets to converge under the least chances of 
	 Whereas crime opportunity theories provide suitable explanations for the locations of illicit marketplaces (Eck, 1995b), and may therefore also drive the geography of IMBs, it is unclear how online domains replace, reinforce, or supplement environmental conditions that exhibit crime opportunities. Recent work has extended the testing of crime opportunity theoretical concepts to online domains, albeit this has mostly been done in the context of 
	cybercrimes that are fully committed in a virtual environment. For example, studies have begun to examine decision-making processes of offenders using their communication on crime-oriented websites that can contain “crime scripts” (Holt, 2013, p. 2016) and provide motivated offenders the necessary information, justification, or encouragement to engage in crimes such as online frauds, cyberstalking, or online piracy (Clarke, 2004; Yar, 2005). In addition to cybercrimes, a few studies have relied on situation
	 
	Integrating Crime Opportunities and Social Disorganization  
	 Whereas social disorganization and crime opportunity theories have long been considered as inherently different theories with different explanatory and geographic foci, the shared emphasis on environmental conditions contributing to crime may suggest that the theories together can strengthen explanations of the geographic distribution of crime within cities (see, for a more comprehensive discussion, Braga & Clarke, 2014; Smith et al., 2000; Weisburd et al., 2014; Wilcox & Land, 2017). In particular, recent
	models, albeit social disorganization was most predictive of automobile theft. Similarly, in a longitudinal study on property and violent crime in Seattle street segments, Weisburd, Groff and Yang (2012) found significant effects and an overall improved model fit for both routine activities and social disorganization measures. Here, routine activities had stronger and more consistent effects on street-level crime. More recently, Jones and Pridemore (2019) analyzed data about street segment counts of violent
	 A theoretical integration seems particularly necessary in the context of online-promoted IMBs because it may help understand how services of oftentimes more marginalized communities meet the demand of more advantaged clientele (Chin et al., 2019; Polaris, 2018). More precisely, the combination of both theories would help evaluate whether IMBs are located in areas that feature the relative deprivation among marginalized communities versus areas that feature illicit opportunities for clientele who can now id
	 
	Current Study 
	 The current study integrates concepts from social disorganization and crime opportunity theories to examine which neighborhood-level conditions directly affect the likelihood of IMBs within cities in Massachusetts, Texas, and Washington. These states were selected to allow for a comparison across three geographically and socio-economically distinct states where a 
	significant amount of attention and resources has been devoted to the issue of IMBs (Polaris, 2018). Because social disorganization and local crime opportunities may operate differently across city contexts and the response to IMBs is often initiated at city level, this study assesses the local geography of IMBs as a function of both neighborhood- and city- level features.  
	 Three interrelated hypotheses are being examined. First, it is hypothesized that IMBs are more likely in socially disorganized neighborhoods as observed through concentrated disadvantage, residential instability, population heterogeneity and income inequality. Social disorganization would explain the presence of IMBs in these areas through reduced levels of informal social control as well as by featuring the socio-economic situation of a population that depends on the income from IMBs. Second, it is hypoth
	 
	Methods 
	Data 
	 The locations of IMBs were retrieved from one of the most popular national review boards. 5 Information about a total of 1,863 IMBs with reviews between 2015 and 2017 was  
	5 The web address is not provided in an effort to preserve some confidentiality of commercial sex providers, website users, and locations where potential victimizations occur. 
	5 The web address is not provided in an effort to preserve some confidentiality of commercial sex providers, website users, and locations where potential victimizations occur. 

	obtained for Massachusetts (N=377), Texas (N=1,064), and Washington (N=422).6,7 Online samples may not be representative of all IMBs, although this would only bias the findings when missing establishments were located at systematically different geographies. While more research needs to be conducted to evaluate the empirical representativeness of online samples, the digitized and detailed nature of the current sample provides for a theoretically relevant sample of IMBs where indications of commercial sex we
	6 These years represent a more active and recent use of the website: About 81% of all online-promoted IMBs between 2011 (the start of the website) and 2017 had reviews in 2015-2017.  
	6 These years represent a more active and recent use of the website: About 81% of all online-promoted IMBs between 2011 (the start of the website) and 2017 had reviews in 2015-2017.  
	7 This is the number of IMBs after manual checks for potential duplicates. IMBs that shared addresses and a strong similarity in names were considered duplicates. IMBs that shared addresses but had different names, re-opened using different names, or were located in the same building with other IMBs were not considered duplicates.  
	8 Census tracts without population were excluded from the analyses. 

	 The addresses of 99% of the facilities (N = 1,854) were successfully geocoded to the 2017 census tracts and place shapefiles from the United States Census Bureau. Census tracts are small geographic areas with an average population size of approximately 5,000 residents and are frequently the unit of analysis for ecological theories of crime (e.g. Morenoff et al., 2001; Peterson & Krivo, 2009; Schaefer, 2012). When census tracts intersected with multiple cities, tracts were geocoded to the cities with which 
	 Information about the presence of IMBs was merged with geographically and, as far as possible, time-matching geospatial and population data for census tracts and cities. On census tract level, this included 1) demographic and socio-economic data from the 2013-2017 American Community Survey (ACS), which was downloaded from the National Historical Geographic Information System (Manson, Schroeder, Van Riper, & Ruggles, 2018); 2) spatial adjacency and distance measures calculated from the census tracts shapefi
	9 OpenStreetMap (OSM) is an open-source collaborative platform containing geospatial data. While not including the precise land use estimates, OSM has been cited for its relative reliable presentation of street maps and land use (e.g. Arsanjani, Mooney, Zipf, & Schauss, 2015).  
	9 OpenStreetMap (OSM) is an open-source collaborative platform containing geospatial data. While not including the precise land use estimates, OSM has been cited for its relative reliable presentation of street maps and land use (e.g. Arsanjani, Mooney, Zipf, & Schauss, 2015).  
	10 Another commonly-used source of organizational information about law enforcement agencies is the Law Enforcement Management and Administrative Statistics (LEMAS), coupled with the Census of State and Local Law Enforcement Agencies (CSLLEA). However, at the time of this research, the most recent years covered by these datasets were 2013, and 2008, respectively. In addition, these data do not distinguish between police employees with and without arrest power. These limitations, while oversee-able in many a

	  Figure 1 shows the distribution of census tracts with IMBs versus those without IMBs across cities. A larger darker-marked bar indicates a greater absolute number (left) or relative 
	proportion (right) of census tracts that had IMBs compared to census tracts that did not have IMBs. Following these figures, there is variability of census tract exposure to IMBs across cities, which supports the notion that the city-level context needs to be considered when explaining the local presence of IMBs.  
	 
	Figure
	Figure 1 Census Tracts With and Without IMBs: n (left) and % (right). 
	Figure
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	Note. Every bar represents one city (marked by its index). N = 104. 
	 
	Outcome Measure  
	 The dependent variable represents whether or not a census tract had at least one IMB that was reviewed between 2015 and 2017 (1 = ‘Yes’). Nearly a fifth of the census tracts (18.50%, n = 799) had at least one IMB (see Table 1). Most of these occupied census tracts had one IMB (n=527), compared to census tracts that had two (n=154), three (n=56), four (n=27), or more than five (n=35) IMBs.  
	Tract-Level Covariates  
	 Social Disorganization: The analyses included four measures as proxies for social disorganization: Concentrated Disadvantage, Residential Instability, Racial/Ethnic Heterogeneity, and Income Inequality. Concentrated Disadvantage is included as an indicator of local economic deprivation and was calculated by standardizing the averaged sum of the following standardized variables: percent families with an income below the poverty level; percent female-headed households with children; and percent of the tract 
	 Crime Opportunities:  Four theoretical constructs were created based on crime opportunity theoretical perspectives that argue that the features of certain locations provide favorable conditions for crime and deviancy. First, as a measure of plausible motivated 
	offenders, the percent Male of a population was included as a proxy for clientele demand for sexual services in IMBs (𝑥̅ = 0.494, 𝑠𝑑 = 0.042). Second, ease of access to IMBs was included as a binary variable that represents whether or not a primary road (e.g. interstate highway) runs through a census tract (1 = ‘Yes’). This was the case for 1,198 census tracts (27.744%). Third, to assess whether IMBs were systematically located around allied, legitimate businesses, possibly to benefit from a shared pool 
	 
	 
	Table 1 Descriptive Statistics for Tracts and Cities 
	 
	 
	 
	 
	 

	Measure 
	Measure 

	Descriptive Statistics 
	Descriptive Statistics 



	 
	 
	 
	 

	 
	 

	𝑥̅ / N 
	𝑥̅ / N 

	sd / % 
	sd / % 

	Range  
	Range  


	 
	 
	 

	IMBs (1 = ‘Yes’) 
	IMBs (1 = ‘Yes’) 

	799 
	799 

	18.504 
	18.504 

	- 
	- 


	Tracts 
	Tracts 
	Tracts 
	 
	 
	 
	 
	 

	Population (log)  
	Population (log)  
	Concentrated Disadvantage 
	Residential Instability 
	Racial/Ethnic Heterogeneity 
	Income Inequality  
	% Male  
	Primary Road through Tract   
	Commercial Center 
	Retail Center 
	Residential Center  
	Industrial Center 
	Police Within Mile 

	8.423 
	8.423 
	0 
	0 
	0.478 
	1.050 
	0.494 
	1,198 
	586 
	833 
	1,322 
	448 
	1,167 

	0.543 
	0.543 
	1 
	1 
	0.181 
	0.259 
	0.042 
	27.744% 
	13.571% 
	19.291% 
	30.616% 
	10.375% 
	27.026% 

	2.485 – 10.774 
	2.485 – 10.774 
	-1.784 – 7.359 
	-2.012 – 5.761 
	0.000 – 0.803 
	0.000 – 10.389  
	0.293 – 1.000 
	- 
	- 
	- 
	- 
	- 
	 -  


	Cities 
	Cities 
	Cities 

	City Size > 100,000 
	City Size > 100,000 
	Police Agency Size (per 1,000)  
	Violent Crime Arrests (per 1,000) 
	Prostitution Arrests  (per 1,000) 
	MA 
	TX  
	WA 

	47 
	47 
	1.717 
	5.202 
	0.096 
	22 
	63 
	19 

	45.192% 
	45.192% 
	0.484 
	3.024 
	0.171 
	21.154% 
	60.577% 
	18.269%  

	- 
	- 
	0.824 – 3.764 
	0.620 – 18.279 
	0.000 – 0.818 
	- 
	- 
	- 




	 
	City-Level Covariates  
	 Several covariates were included on city-level. First, the analyses controlled for city-level population to account for the different city sizes included in the sample. This was accounted for as a binary variable representing whether or not (1 = ‘Yes’) a city had a population of 100,000 or more (City Size). This variable was included to control for nesting of IMBs in smaller cities, where theoretical mechanisms might work differently than in larger cities that have received more theoretical and empirical a
	𝑠𝑑 = 3.024). Lastly, the number of Prostitution Arrest Rates per capita was included to control for variation in police focus on prostitution-related crimes and victimizations (𝑥̅  = 0.096;  𝑠𝑑 = 0.171). Lastly, the analyses account for whether cities were in Massachusetts (N = 22, 21.154%) or Washington (N = 19, 18.269%) as opposed to Texas, which was the reference category (N = 63, 60.577%). 
	 
	Analytic Approach 
	 Hierarchical generalized linear modeling for binary outcomes was used to estimate the odds of an IMB in a given census tract as a function of the socio-economic features of that tract  
	and city-level variables. Multilevel techniques do not violate the assumption of independent error 
	terms and are more appropriate than fixed-effects models that would not allow for estimating 
	city-level effects (Raudenbush & Bryk, 2002). To validate the relevance of a multilevel model, an unconditional model, without the independent variables, was estimated to assess whether the odds of an IMB in a census tract (level one, i) depends on the city (level two, j), such that:  
	 
	(1) Level 1: 𝑦𝑖𝑗=𝛽0𝑗 + 𝑟𝑖𝑗  
	(1) Level 1: 𝑦𝑖𝑗=𝛽0𝑗 + 𝑟𝑖𝑗  
	(1) Level 1: 𝑦𝑖𝑗=𝛽0𝑗 + 𝑟𝑖𝑗  


	(2) Level 2: 𝛽0𝑗= 𝛾00 + 𝜇𝑜𝑗  
	(3) Mixed: 𝑦𝑖𝑗= 𝛾00 + 𝜇𝑜𝑗 + 𝑟𝑖𝑗 
	 
	Here, the error terms are denoted with r for the census tracts and 𝜇 for the cities. Additionally, 𝛽0𝑗 is the intercept that represents the average likelihood of an IMB in a city, and 𝑦00 is the overall intercept. A Likelihood Ratio Test comparing the unconditional model with an intercept-only logistic regression confirmed that the unconditional model was a significantly improved fit to the data (p < 0.001). Because a logistic distribution has a variance of 𝜋23, the between-city 
	variance of 0.731 corresponds with an approximation of an intra-class correlation (ICC) of  0.7310.731 + 𝜋2 / 3  = 0.182. This means that 18.2% of the reliable variation in the outcome is attributable to city-level variation.  
	 Next, the impact of level-one (X) and level-two (Z) variables will first be estimated in two separate models and then jointly in a combined model as follows:  (4) Level 1 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝑦𝑖𝑗=𝛽𝑜𝑗 +∑𝛽𝑡0𝑋𝑡𝑖𝑗𝑇𝑡 = 1+𝜇𝑜𝑗 + 𝑟𝑖𝑗 (5) Level 2 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝛽𝑜𝑗=𝛾00 +∑𝛾0𝑐𝑍𝑐𝑖𝑗𝐶𝑐 = 1+𝜇𝑜𝑗 (6) Level 1 and 2 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠: 𝛽𝑜𝑗=𝛾00 +∑𝛽𝑡0𝑋𝑡𝑖𝑗𝑇𝑡 = 1 +∑𝛾0𝑐𝑍𝑐𝑖𝑗𝐶𝑐 = 1+𝜇𝑜𝑗 + 𝑟𝑖𝑗 
	Here, T refers to the census tracts for which the impact of variables X will be estimated. C refers to the cities for which the contextual effect of variables Z will be estimated. Continuous variables were grand-mean centered to avoid multicollinearity between the independent variables and the intercept, and to facilitate interpretation such that each main effect can be interpreted as the effect of a variable when other variables were at their means of zero. Analyses were conducted in R (R Core R Core Team,
	 
	Findings 
	Geographic Correlates Associated with the Locations of IMBs   
	 Table 2 presents the Odds Ratios (ORs) and 95% confidence intervals from the multilevel models. ORs above one can be interpreted as an increased likelihood of IMBs for a census tract 
	in a given city whereas ORs less than one indicate a decreased likelihood. Model 1 presents the findings of a mixed model (equation 6). Largely consistent with social disorganization theory (hypothesis 1), an IMB was between 1.5 and 6 times more likely in census tracts with increased population (OR = 1.579, 95% CI [1.315, 1.897]), residential instability (OR = 1.278, 95% CI [1.158, 1.411]), population heterogeneity (OR = 5.749, 95% CI [3.078, 10.736]), and income inequality (OR = 1.578, 95% CI [1.071, 2.325
	 While corroborating several aspects of social disorganization and crime opportunity theories, the impact of police presence is less clear (hypothesis 3). Surprisingly, a police station within a mile distance increased the odds for a census tract to have IMBs, by a factor of 1.252 (95% CI [1.018, 1.542]. However, this effect was more pronounced in smaller cities as follows from Model 2 that adds an interaction term between the presence of a police station within a mile distance and a binary variable represe
	mile distance of a police station were also the neighborhoods that were more likely to have IMBs, compared to the neighborhoods that were at least a mile away from a police station. In larger cities, a police station had little effect on the presence of IMBs.  
	 Similarly, a larger city-level police force with arrest power did not seem to influence the local likelihood of IMBs. However, it is important to note that the effect of police presence may depend on how police are deployed rather than the number of police officers. An important factor on city-level was violent crimes per capita, which had a negative impact on the odds for a tract to have IMBs. An increase in the per capita number of violent crimes was associated with a decreased likelihood of IMBs by a fa
	 
	Figure 2 Marginal Effects of the Interaction between Police Mile Away and City Size  
	 
	Figure
	Sensitivity Analyses 
	 To assess the rigor of the findings, a spatial lag of the residual errors from Model 2 was added in sensitivity analyses to control for dependence of errors in the regression models. To determine if spatial autocorrelation between census tracts was present, a Moran’s I using the residual errors was calculated for each city separately. Spatial weight matrices were created using the spdep package in R (Bivand, Pebesma, & Gomez-Rubio, 2013), and are here based on queen contiguity-based weights that consider t
	 
	Discussion and Conclusion 
	 This study extended theoretical notions from social disorganization and crime opportunity theories to online-promoted IMBs. While the online promotion through review boards may reduce the dependency on physical cues to signal illicit opportunities (Chin et al., 2019; Venkatesh, 2011), the findings corroborate the intricate relationship between crime and place as hypothesized by these theories. However, this study also shows that neither theory is a fully accurate or sufficient explanation on its own.  
	 Following the results from a multilevel model, a census tract in an average city was more likely to have an IMB when it faced higher levels of disorganization, urban change or instability. 
	Table 2 Findings from Hierarchical Logistic Regression Models 
	Variable 
	Variable 
	Variable 
	Variable 
	Variable 

	Model 1 
	Model 1 

	Model 2 
	Model 2 

	Model 3 
	Model 3 



	 
	 
	 
	 

	OR 
	OR 

	95% CI 
	95% CI 

	OR 
	OR 

	95% CI 
	95% CI 

	OR 
	OR 

	95% CI 
	95% CI 


	Census Tracts  
	Census Tracts  
	Census Tracts  
	Population (Log) 

	 
	 
	1.579*** 
	0.644*** 
	1.278*** 
	5.749*** 
	1.578* 
	0.240 
	1.206 
	1.603*** 
	0.917 
	1.066 
	1.221* 
	1.252* 

	 
	 
	[1.315, 1.897] 
	[0.572, 0.725] 
	[1.158, 1.411] 
	[3.078, 10.736] 
	[1.071, 2.325] 
	[0.030, 1.914] 
	[0.944, 1.539] 
	[1.291, 1.993] 
	[0.752, 1.118] 
	[0.810, 1.403] 
	[1.007, 1.482] 
	[1.018, 1.542] 

	 
	 
	1.581*** 
	0.641*** 
	1.280*** 
	5.579*** 
	1.584* 
	0.259 
	1.203 
	1.603*** 
	0.919 
	1.060 
	1.231* 
	1.842** 

	 
	 
	[1.316, 1.898] 
	[0.570, 0.722] 
	[1.160, 1.413] 
	[2.983, 10.436] 
	[1.081, 2.319] 
	[0.033, 2.069] 
	[0.942, 1.537] 
	[1.290, 1.993] 
	[0.753, 1.12] 
	[0.805, 1.395] 
	[1.015, 1.494] 
	[1.209, 2.808] 

	 
	 
	1.576*** 
	0.645*** 
	1.279*** 
	5.501*** 
	1.579* 
	0.296 
	1.195 
	1.598*** 
	0.925 
	1.064 
	1.225* 
	1.870** 

	 
	 
	[1.313, 1.893] 
	[0.573, 0.727] 
	[1.158, 1.412] 
	[2.940, 10.292] 
	[1.071, 2.329] 
	[0.037, 2.358] 
	[0.935, 1.528] 
	[1.285, 1.987] 
	[0.758, 1.129] 
	[0.808, 1.401] 
	[1.009, 1.487] 
	[1.227, 2.852] 


	TR
	Concentrated Disadvantage 
	Concentrated Disadvantage 
	Residential Instability 
	Racial/Ethnic Heterogeneity 
	Income Inequality 


	TR
	% Male     
	% Male     
	Commercial Center 
	Retail Center 
	Residential Center 
	Industrial Center  
	Primary Road  
	Police within Mile 


	Cities  
	Cities  
	Cities  
	City Size (>= 100,000) 
	Police Agency Size (Per 1,000) 
	Violent Crime Arrest (Per 1,000) 
	Prostitution Arrest (Per 1,000) 
	MA 
	WA 

	 
	 
	1.037 
	0.783 
	0.907** 
	1.185 
	1.674 
	1.806** 

	 
	 
	[0.726, 1.483] 
	[0.515, 1.188] 
	[0.848, 0.969] 
	[0.456, 3.078] 
	[0.995, 2.815] 
	[1.153, 2.828] 

	 
	 
	1.195 
	0.791 
	0.908** 
	1.157 
	1.571 
	1.813** 

	 
	 
	[0.813, 1.756] 
	[0.521, 1.204] 
	[0.849, 0.971] 
	[0.444, 3.015] 
	[0.929, 2.655] 
	[1.156, 2.842] 

	 
	 
	1.212 
	0.783 
	0.908** 
	1.160 
	1.564 
	1.775* 

	 
	 
	[0.827, 1.775] 
	[0.518, 1.183] 
	[0.850, 0.971] 
	[0.452, 2.971] 
	[0.931, 2.629] 
	[1.139, 2.769] 


	Interaction Term  
	Interaction Term  
	Interaction Term  
	City Size * Police within Mile  

	 
	 
	- 

	 
	 
	- 

	 
	 
	0.610* 

	 
	 
	[0.381, 0.977] 

	 
	 
	0.600* 

	 
	 
	[0.374, 0.963] 


	Spatial Autocorrelation 
	Spatial Autocorrelation 
	Spatial Autocorrelation 
	 Spatial Lag  

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	- 

	 
	 
	1.419*** 

	 
	 
	[1.174, 1.715] 


	Intercept 
	Intercept 
	Intercept 

	0.279** 
	0.279** 

	[0.130, 0.599] 
	[0.130, 0.599] 

	0.245*** 
	0.245*** 

	[0.113, 0.532] 
	[0.113, 0.532] 

	0.261*** 
	0.261*** 

	[0.121, 0.561] 
	[0.121, 0.561] 


	Random effects cities 𝜎2 (𝜎) 
	Random effects cities 𝜎2 (𝜎) 
	Random effects cities 𝜎2 (𝜎) 

	0.352 
	0.352 
	(0.594) 

	0.355 
	0.355 
	(0.596) 

	0.338 
	0.338 
	(0.581) 




	Note. OR = Odds Ratio; CI = Confidence Interval. * p < 0.05; ** p < 0.01; *** p < 0.001.  
	This was observed through residential instability, population heterogeneity, and income inequality. However, concentrated disadvantage, a key pillar of social disorganization theory, had a theoretically unanticipated impact. In other words, affluent rather than disadvantaged areas attracted IMBs. While this finding contradicts the many empirical tests of social disorganization theory, it aligns with prior work on the location of IMBs or adult and sex-related businesses that are frequented by higher-income c
	 Furthermore, if not in rapidly changing areas, that is controlling for social disorganization measures, IMBs were more likely in areas with increased crime opportunities through greater population density, easy access provided by primary roads, and in retail centers. However, the role of police presence is yet unclear. For example, IMBs would locate in neighborhoods despite a potential proximity to police stations even though routine activity theory hypothesizes that capable guardianship can prevent crime 
	 Two sets of explanations can be provided for the theoretical paradox in these findings, which support a theoretical integration and highlight the role of online domains in subtly changing the geography of online-promoted crimes. First, a theoretical integration is doing more justice to the empirical complexity of IMBs. In the present context, it helps explain where illicit labor from more marginalized communities has greater potential to meet the demand and routine travels of clientele with the financial m
	2018). Furthermore, from a crime opportunity perspective, structural neighborhood characteristics (e.g. population heterogeneity) might not only reduce levels of informal social control but may also signal a larger pool and lower costs of finding employees, especially when considering that IMBs largely employ racial or ethnic minorities (Dank et al., 2014; Polaris, 2018).  
	 Crime opportunity perspectives are also helpful to explain the increased odds of IMBs in more populous, affluent, as well as retail areas, where risky facilities can blend into legitimate settings to benefit from a shared pool of clientele under relatively weaker levels of guardianship compared to other areas in the city (Eck, 1995b). Furthermore, the significant role of primary roads aligns with the journeys to crime literature based on which it can be argued that IMBs are strategically located in easily 
	 Whereas these explanations put emphasis on the importance of crime opportunity perspectives, the findings support a joint relevance of social disorganization theory to strengthen explanations of the geography of online-promoted IMBs. In particular, the findings indicate that complex social mechanisms involving urban change, social stratification and inequality contribute to the problem of IMBs. These are mechanisms that are commonly associated with reduced levels of informal social control and may also dri
	through lower levels of informal social control. For example, informal social control tends to be lower in busy, retail and commercial areas compared to quiet residential areas because of the number of daily non-residents that are less likely to interact with each other and act upon a set of shared values to prevent crime (e.g. Hipp & Williams, 2019; Lockwood, 2007; Wilcox et al., 2004).  
	 In addition to the relevance of a theoretical integration, various of these surprising findings might also relate to online domains that affect the geography of online-promoted crimes. Consider, for example, that an earlier study by Chin et al. (2015) initially found a stronger likelihood of IMBs in low-income areas, yet their later work reported on a clustering of IMBs in higher-income areas (Chin et al., 2019). The authors explain this difference through an online promotion of these places that offers in
	 Furthermore, in providing clientele access to the exact locations of IMBs, these online platforms might also reduce the need for IMBs to be in spatial proximity to each other (although 
	ecological cues remain important considerations for these places). Sensitivity analyses showed that IMBs were spatially dispersed within cities, which contradicts the extant literature on crime concentration (e.g. Morenoff & Sampson, 1997; Morenoff et al., 2001). Even so, a spatial dispersion of IMBs is consistent with the literature on illicit market places and can be a strategy to avoid local competition of illicit premises or law enforcement attention (Eck, 1995b), or may be a way to culturally and lingu
	 Several limitations need to be considered when drawing conclusions from the findings. First, it is yet unclear why police stations were associated with substantially increased odds of IMBs in smaller cities. It is possible that a local police station in small cities reflects another underlying condition that attracted IMBs, such as affluence or accessibility through highways. More research is needed to unpack this effect. Relatedly, future research may also seek to improve the current measures of local and
	  In addition, given the cross-sectional nature of this study, no causal directions can be established, which is a particularly important note of caution for the interpretation of crime arrest effects. Although the present study revealed that city-level crime arrest rates were associated with reduced odds for IMBs, another study found that the presence of IMBs implied the subsequent increase in local crime and disorder (Huff et al., 2018). The extent to which IMBs indeed bring in crime and disorder in neigh
	 Lastly, while reviews posted on web forums are increasingly being used to collect data about hard-to-reach populations such as clientele of commercial sex (Holt & Blevins, 2007), 
	gangs (Pyrooz et al., 2015), and hate groups (Chau & Xu, 2007), few studies have examined the representativeness of online samples of a total population. Although the analyses are based on one of the most comprehensive review boards for IMBs in the U.S, it is certain that some premises were not promoted through the website. This could introduce a bias when these premises were located in systematically different neighborhoods. At the same time, the current sample represents online-promoted IMBs and the proce
	 Limitations notwithstanding, this research yields important implications for the applicability of criminological theory to online-promoted risky facilities. The importance of both social disorganization and crime opportunity theories aligns with relatively recent studies that call for a theoretical integration to strengthen explanations of local crime problems (Weisburd et al., 2014; Wilcox & Land, 2017; Wilcox et al., 2003). With these findings, the study also seeks to provide a basis for a criminological
	  On a practical level, the joint relevance of ecological and situational perspectives to explain the locations of risky facilities can direct crime-prevention and crime-control resources to areas where IMBs are most likely.  Whereas criminal justice strategies may not be the (sole) answer to risky facilities that host potential victimizations stemming from socio-economic vulnerability and marginalization, this study highlights the importance of strengthening local informal social control mechanisms. Both s
	 In addition, given the systematic nesting of IMBs in retail areas, these awareness-raising strategies should engage local “place managers” such as business owners, landlords, or anyone else that is in the position to control or regulate the establishments or behaviors of clientele and potential criminal networks. Furthermore, policies need to be sensitive to the lack of immediate clustering that may increase a cultural and linguistic isolation of providers and limit their opportunities to connect and seek 
	 
	 
	Chapter 4  The Role of Spatial Proximity and Physical Cues in Networks of Crime and Deviancy in the Age of the Internet: The Case of Illicit Massage Businesses 
	Introduction 
	 The traditional notion that criminal, deviant, or any other type of social interactions depend on opportunities in physical space (Blau, 1977) is now challenged with opportunities to connect through online domains (Small & Adler, 2019). Indeed, past work on gangs, illicit drug markets, and terrorism has begun to show that crime and deviant groups maintain a strong online presence (Blevins & Holt, 2009; Pyrooz et al., 2015; Wall, 2007). Online interactions with deviant peers may drive deviant groups to crim
	 In order to illuminate whether online networks of crime and deviancy span across greater spatial distance, the extent to which illicit behaviors traverse neighborhood boundaries and, as such, span ties between neighborhoods, need to be studied. These inter-neighborhood connections represent what Sampson meant with neighborhoods becoming “nodes in a larger network of spatial relations” (2004, p. 158). A network of neighborhoods can capture the diffusion of crime and deviant norms as a function of spatial di
	when gang members reside in different neighborhoods (Papachristos & Bastomski, 2018; Schaefer, 2012). This study posits that technology – specifically here, the Internet - has the potential to further facilitate this diffusion through online social interactions and increased exposure to crime opportunities in distant areas.  
	 Using data from online reviews about illicit massage businesses and their clientele in Houston, the purpose of this study is to develop an understanding of the spatial patterning of web-facilitated networks of crime and deviancy. The term ‘illicit massage businesses’ (IMBs) is used to refer to venues that purport to offer massage but where illicit events such as commercial sex and sex trafficking have been documented. IMBs have recently received heightened attention in public and policy discourse due to th
	 While the presence of IMBs in cities is not new (Armstrong, 1978; Bryant & Palmer, 1975), the establishments are now being promoted through online classifieds and review boards that provide clientele with the locations of IMBs in virtually any neighborhood (Blevins & Holt, 2009; Holt et al., 2008, 2014). This offline-online interaction makes the problem of IMBs a 
	compelling case to analyze the geographies of web-facilitated networks of crime and deviancy compared to past work on the spatial networks of crime that has not directly measured the role of the internet in connecting spatially proximate or distant areas in patterns of crime. Furthermore, the online-offline link in this study is also unique compared to studies on other forms of commercial sex and sex trafficking that are not connected to a stationary location.  
	The following section outlines several theoretical mechanisms that help explain under which circumstances criminal and deviant behaviors can span ties between neighborhoods. The data and methods sections describe how this study observes inter-neighborhood networks through offline visits to IMBs as documented in online reviews. Next, structural and geographic properties of the resulting networks will be presented, followed by a series of statistical models that identify the features explaining the formation 
	 
	Offline Inter-Neighborhood Tie Formation 
	 Besides social networks that reduce crime and deviancy through inducing neighborhood satisfaction, cohesion and social organization (Kasarda & Janowitz, 1974; Sampson, 1988; Sampson & Raudenbush, 1999), social networks can provide favorable conditions for crime through exposing people to acts of crime, providing instrumental support, or facilitating the diffusion of information, capital, and norms (Carrington, 2014; McGloin & Nguyen, 2013; Morselli, 2013). When these latter social networks traverse neighbo
	ties between neighborhoods, and it is through these ties that crime can diffuse across greater distance.  
	 A few studies have begun to analyze such neighborhood networks, mostly in the context of gang co-offending or routine travels of delinquents (Bichler et al., 2014; Boivin & D’Elia, 2017; Davies & Johnson, 2015; Papachristos & Bastomski, 2018; Schaefer, 2012). Broadly, these studies as well as extant literature on the geographies of crime networks suggest four mechanisms that explain why criminal and deviant groups traverse neighborhood boundaries and, as such, span ties between these neighborhoods. 
	 First, the key mechanism of interest is spatial proximity. The importance of spatial proximity is based on a general social principle that we are more likely to socialize with others who are spatially proximate to us because of increased opportunities and the least amount of effort involved to connect (Blau, 1977; Zipf, 1949). A decaying likelihood to form a tie when spatial distance increases has consistently been reported for networks of criminal peers who are most likely to operate within spatially prox
	 Second, the probability of a tie between any two neighborhoods can depend upon an attribute of either neighborhood. This implies a social selection process (Robins, Elliott, & Pattison, 2001), whereby a specific attribute of a neighborhood, such as income or crime levels, increases the likelihood of a tie with any other neighborhood. Prior work has consistently shown increased levels of offending in socially disorganized communities with higher levels of concentrated disadvantage, which can make it difficu
	and offenders without a pre-existing relationship to be in the same place, crime opportunity theoretical approaches may provide more suitable explanations for behaviors that transcend neighborhoods. For example, routine activity theory suggests that places can attract crime when they operate as a “shared activity space” where daily routines, such us commutes between work and home or easy access through a proximity of a highway facilitate a convergence of suitable targets and offenders in time and space unde
	 Third, social proximity can help explain why social and crime-involved ties span between more distant areas, specifically when these have similar characteristics, such as related to race and ethnicity, socioeconomic status, or religion of residents. This is generally understood as a pattern of homophily (Feld, 1982; Lazarsfeld & Merton, 1954; McPherson et al., 2001). Homophily effects translate well to the context of illicit marketplaces, where a social proximity between individuals or places can help esta
	offending confirm that when gang members extend ties beyond their own or adjacent neighborhoods, they are more likely to co-offend with someone residing in neighborhoods that are similar in levels of disadvantage, racial and ethnic composition, proportion of single-parent households, and criminal activity (Papachristos & Bastomski, 2018; Schaefer, 2012). Spatial and social proximity of any two neighborhoods may overlap because neighboring areas often also possess similar socio-economic features (Feld, 1981;
	 Fourth, inter-neighborhood tie formation can be a function of endogenous network effects, meaning that “a tie comes into place in response to the existing local social environment within which the two individuals [or neighborhoods] operate” (Lusher, Koskinen, & Robins, 2013, p. 19). Two central processes have been highlighted in the literature: preferential attachment and triad formation. Preferential attachment is often simplified to the idea that “the rich get richer” (Barabási & Albert, 1999; Merton, 19
	 In summary, if not because of spatial proximity, inter-neighborhood ties can form as a result of social proximity, social selection processes, or network effects. What has largely been left unexplored in relation to these processes is the extent to which web-facilitated interactions may allow crime to move further afield, in different patterns, or draw on different mechanisms.   
	Web-Facilitated Inter-Neighborhood Tie Formation 
	 Online technologies have changed our social worlds as communication patterns move online and take away significant physical barriers to connect. The emergence of web-facilitated social networks has been thought of as “the death of the distance” (Cairncross, 1997), whereby online communications no longer depend on place-bound communities (Wellman, 2001). Using data from social networking sites such as Twitter and Facebook, studies have found that online media indeed offer the opportunity for significant lon
	For offenders and potential victims, the internet can function as a “virtual convergence space” (Felson, 2006; Pyrooz et al., 2015). However, the geographical coverage of this digital space is theoretically ambiguous. Similar to what is being suggested in the broader literature on social networks, online networks of crime and deviancy may reflect pre-existing offline behaviors in localized geographies. For example, several studies examining social media use among gang members have suggested that online inte
	offenders respond to online cues about the characteristics of neighborhoods, actively search for crime opportunities in nearby areas, or seek to use a secure platform to connect with peers.  
	At the same time, new opportunities arise for motivated offenders to connect with potential victims as well as with each other in virtually any geographic area (Wall, 2007). Online platforms are somewhat anonymous, subject to limited regulations, and allow for a rapid flow of information. These criteria have shown to be of importance to deviant groups and criminal networks involved in crimes such as cybercrimes, terrorism, or race supremacy groups, who can expand the recruitment of members beyond local or r
	In addition, online interactions, such as conversations in social media or forums, may facilitate connections among like-minded individuals and encourage their involvement in crime and deviant behaviors (Pyrooz et al., 2015; Wall, 2007; Wellman, 2001). The internet offers abundant opportunities to bully, harass, or engage in deviant illicit acts online, which could also activate criminal propensities in an offline setting (Pyrooz et al., 2015). In addition, virtual subcultures – as seen in the context of de
	 
	Web-Facilitated Clientele Networks of IMBs 
	 The spatial patterning of web-facilitated behaviors can be examined directly through the formation of online social networks as documented in social media or crime-specific websites (e.g. hacking websites or review boards for commercial sex). Online clientele networks of IMBs are an interesting case to examine whether the afore-mentioned four mechanisms help explain inter-neighborhood tie formations that are partially constructed through an online platform. IMBs have raised public alarm, especially because
	 Similar to many other forms of crime and deviancy, the existence of IMBs is driven by social demand and interactions. However, these interactions extend beyond the typical victim-offender or offender-offender interactions and entail a broad social demand of clientele who not necessarily engage in illicit behaviors per se, but may find resonance for sexual behaviors, addictions, and potential abuse in online reviews and forums. IMBs in the U.S. heavily draw on online review systems that function as any othe
	 These online platforms not only leave a digital footprint of offline visits, but also present new opportunities for clientele to locate sexual services elsewhere and disperse illicit events to areas beyond traditional locations such as red-light districts (Chin et al., 2019; Dank et al., 2014; Murphy & Venkatesh, 2006; Venkatesh, 2011). This is because clients may report about important cues for others to weigh perceived rewards against risks. For example, Holt, Blevins 
	and Kuhns (2008) document how clients share detailed information about sexual services that were offered, which may drive other clientele to travel to these places in expectation of the same services. Reviewers may also report about the presence of police to dissuade other clientele from going to areas where police are actively monitoring IMBs and where the risk of law enforcement apprehension is perceived to be higher (Holt et al., 2008). 
	 Now that clients can learn about the location and features of IMBs and their neighborhoods through online reviews, they may be inclined to travel greater distances, spanning ties between distant areas if those areas match their interests and routines and under the assumption that there is little risk of arrests (Blevins & Holt, 2009; Holt et al., 2008). This would be consistent with the extant literature on offender’s location choices, which suggests that offenders weigh the expected rewards, risk and effo
	 
	Current Study 
	 This study seeks to identify the processes that influence inter-neighborhood tie formation as observable through online clientele networks of IMBs. The clientele networks that span across different neighborhoods are important to understand in light of the diffusion of deviant norms and instrumental support for crime and deviancy across a city. The broader purpose is to understand whether the formation of online crime-involved networks is influenced by spatial or social proximity, specific neighborhood feat
	matters for inter-neighborhood tie formation through web-facilitated IMB visits; yet ties may span across greater distance through online reviews that may motivate visits to IMBs 1) in different census tracts 2) that are socially proximate; 3) have particular features that facilitates the convergence of suitable targets, motivated offenders, and absence of capable guardianship; and 4) as a result of network-specific characteristics. 
	 
	Methods 
	Data  
	 Information about online clientele networks of IMBs in the city of Houston was extracted from one of the most popular national review board for sexual services in IMBs in the U.S.11 Publicly accessible information about the location of IMBs, the user IDs of clients, and the dates and number of online reviews was obtained. Although online reviews may not be representative of all clientele, they likely capture a theoretically-relevant pool of more motivated clientele: Those who are willing to go through a pa
	11 The name of the website was not mentioned in order to preserve some anonymity of the users, commercial sex providers, and locations where potential victimizations occur.  
	11 The name of the website was not mentioned in order to preserve some anonymity of the users, commercial sex providers, and locations where potential victimizations occur.  
	12 Basic information about IMBs and their clientele is available without registration, but users have to create a paid user account should they want to read and post reviews. 

	 The addresses of a total of 436 IMBs that received reviews in or prior to 2017 were geocoded to 197 census tracts using shapefiles from the United States Census Bureau, which included tracts within or intersecting with Houston’s city borders. Census tracts are commonly used in studies to examine the ecological correlates of crime (e.g. Morenoff et al., 2001; Peterson 
	& Krivo, 2009; Schaefer, 2012). The IMBs had a total of 5,627 review posts, which were posted by 1,985 unique user accounts between 2011 and 2017. These online data were used to first create a two-mode, tract by IMB matrix, where each of the cells represent the number of clients who visited and posted a review about an IMB 𝑖 in a given census tract 𝑗. This matrix was then multiplied by its transpose to obtain a symmetric one-mode, tract by tract, matrix. The cells in this adjacency matrix count how many u
	To obtain attribute information for the census tracts, online characteristics of IMBs were merged with geographically and, as far as possible, time-matching geospatial and population data. Demographic and socio-economic information was obtained through the 2013-2017 American Community Survey (ACS), downloaded from the National Historical Geographic Information System (Manson et al., 2018). Crime incident data were obtained through the Houston Police Department’s (HPD) website. Monthly incident reports from 
	13 The HPD only provides an address range (e.g. Street 100-199) and zip code as the smallest level of granularity. Because these ranges may occasionally cross tract borders, both the lower and upper bounds were geocoded to census tracts and separate analyses were conducted with the lower and upper bounds, respectively. Using either the lower or upper bounds in the analytical models had little bearing on the findings. Presented findings are based on the upper bounds.  
	13 The HPD only provides an address range (e.g. Street 100-199) and zip code as the smallest level of granularity. Because these ranges may occasionally cross tract borders, both the lower and upper bounds were geocoded to census tracts and separate analyses were conducted with the lower and upper bounds, respectively. Using either the lower or upper bounds in the analytical models had little bearing on the findings. Presented findings are based on the upper bounds.  

	obtain an indication of law enforcement’s visible and operational presence on a census tract level, the geographical coordinates of police stations were obtained through Google’s Place Automated Programming Interface (API) in and around the Houston area, which were then used to calculate the shortest distance from a census tract to the nearest police station. 
	 
	Measures  
	 Tract Attributes (nodes): Four sets of tract attributes, dyad covariates and overall network features are included in the models (see Table 3). To examine social selection processes, several main effects of tract attributes were assessed, which mostly stem from crime opportunity theoretical perspectives. Most tract attributes were extracted from the ACS and included as a network statistic that takes the sum of a continuous attribute of tract i and j, or the number of times a tract with a particular binary 
	 Drawing on crime opportunity perspectives, this study also assesses the role of several factors that may influence clientele location choices. In particular, the role of easy access was included as the direct availability of a primary road that intersected with a tract (1 = ‘Yes’), 
	which was the case for about a third of the tracts (n = 68, 34.5%). As a measure for increased capable guardianship exercised by police presence, this study assesses whether a tract was within a mile distance of a police station (1 = ‘Yes’). Using the geocoded locations of police stations, the shortest distance of each census tract centroid to the nearest police station was calculated using the geosphere package in R (Hijmans, 2019). For 37 census tracts (18.8%), the closest police station was within a mile
	 Various other tract attributes were accounted for. Because prior work has consistently shown the relation between concentrated social disadvantage and co-offending networks (Papachristos & Bastomski, 2018; Schaefer, 2012), a measure of concentrated social disadvantage was included as the standardized averaged sum of the following standardized variables: per cent families below the poverty level, per cent female-headed households with children, and per cent 16+ population unemployed (range = -1.754, 3.245).
	14 These variables loaded onto a single factor (Cronbach’s alpha = 0.74, 95% CI [0.68, 0.8]). The level of disadvantage was recoded to zero for one census tract that had missing information. Recoding was preferred instead of excluding this tract from the analyses, which would impact the connectivity toward other census tracts. Robustness checks with and without this census tract did not result into substantially different findings.   
	14 These variables loaded onto a single factor (Cronbach’s alpha = 0.74, 95% CI [0.68, 0.8]). The level of disadvantage was recoded to zero for one census tract that had missing information. Recoding was preferred instead of excluding this tract from the analyses, which would impact the connectivity toward other census tracts. Robustness checks with and without this census tract did not result into substantially different findings.   

	= 29.782, 𝑠𝑑 = 35.102) were included as proxy measures for the overall online popularity of a census tract. Review count was rescaled to bins of five reviews each, to aid the interpretation.  
	 Social Distance (dyads): The extent to which census tracts were dissimilar was calculated for levels of concentrated social disadvantage, to assess potential ties across socio-economically distinct areas, and for crime incidents per capita to assess whether clientele travelled between neighborhoods with varying levels of crime. Each of these dissimilarities were included as a single network statistic that takes the absolute difference of continuous values for tract i and j. 
	 Spatial Distance (dyads): The direct distance between each census tract centroid was included in miles. The average distance between any two census tracts was 14.997 miles (𝑠𝑑 = 8.803, range = 0.370, 46.085). Because distance likely exhibits a decay effect (see Hipp & Perrin, 2009; Zipf, 1949), the distance measure was log transformed. The logged distance averaged 2.486 miles (𝑠𝑑 = 0.745).  
	 Network Statistics (networks): The role of two endogenous network properties were assessed. Tie formation as a result of transitivity was assessed by including geometrically weighted edgewise shared partners (GWESP) that capture transitive triads (if tracts i and j are connected to tract k, they are likely also connected to each other) and geometrically weighted dyad-wise shared partners (GWDSP) that capture ties that arise from two-paths instead of triads (tracts i and j, and tracts j and k are connected,
	  
	Analytical Strategy 
	 Social network analysis was used to describe the structural features of census tract networks that were formed through online clientele networks. Next, the spatial and social determinants of inter-neighborhood tie formations were estimated through dyad independence 
	models and exponential random graph models (ERGMs). These techniques are essentially modified logistic regressions that do not violate the assumption of independence, which is unrealistic in network data where a single node (here: census tract) can be involved in multiple dyads. As a class of statistical models, ERGMs allow for the probability of a tie to depend on the presence of other ties inside a network (Lusher et al., 2013). The unit of analysis is the tie between any two census tracts, which in the c
	 This tie between any two census tracts was estimated as a function of network characteristics and neighborhood features. To avoid that the estimates capture isolated incidents, the outcome measure was coded ‘1’ when two or more unique clientele traveled between the same census tracts to frequent IMBs. These multiple ties (‘strong ties’) are arguably a better reflection of the true underlying network and less subject to sampling error when a wrong address of an IMB is listed (see also: Hipp & Perrin, 2009).
	 Models that only include terms pertaining to the dyads and nodes (i.e. spatial and social distance, and tract features) were estimated through Maximum Pseudolikelihood Estimations (MPLE), which present regular logistic regression formats. Once higher-order network statistics were included (e.g. transitivity terms), a maximum likelihood was estimated through Markov Chain Monte Carlo (MCMC) simulation methods. In ERGMs, the probability of a set of ties, Y, is a function of nodes, node and dyad characteristic
	process that compares the observed network with random networks, where ties are modeled as a random variable. In its basic form, an ERGM is formalized as follows:  
	Pr(𝑌=𝑦)= (1𝑘)exp{∑𝜂𝐴 𝑔𝐴 (𝑦)}, 
	which captures the sum of the coefficients, 𝑛𝐴, for each network statistic 𝑔𝐴.  A is the index for each included statistic in the network g(y) and k is the normalizing constant for the network distribution (Lusher et al., 2013; Papachristos & Bastomski, 2018). All analyses were conducted in R, using the sna package (Butts, 2016) for descriptive analyses and the statnet suit of packages (Handcock, Hunter, Butts, Goodreau, & Morris, 2008) to estimate ERGMs.15   
	15 MCMC.burnin = 10,000,000; MCMC.interval = 10,000; MCMC.samplesize = 200,000.  
	15 MCMC.burnin = 10,000,000; MCMC.interval = 10,000; MCMC.samplesize = 200,000.  

	 
	Table 3 Summary Statistics for Tract Attributes 
	Variable 
	Variable 
	Variable 
	Variable 
	Variable 

	𝑥̅ (𝑠𝑑) / N (%) 
	𝑥̅ (𝑠𝑑) / N (%) 

	Range 
	Range 


	Population (Log) 
	Population (Log) 
	Population (Log) 
	Male (%) 
	Racial/Ethnic Minority (%) 
	Primary Road (1 = ‘Yes’) 
	Police Mile Away (1 = ‘Yes’) 
	Concentrated Disadvantage (Scale) 
	Robbery Incidents (per 1,000) 
	Rape Incidents (per 1,000) 
	IMB Count 
	Review Count 

	8.603 (0.656) 
	8.603 (0.656) 
	0.500 (0.038) 
	0.664 (0.243)   
	68 (34.5%) 
	37 (18.8%) 
	0 (1) 
	4.679 (23.826) 
	0.339 (0.423) 
	2.335 (2.007) 
	29.782 (35.102) 

	2.197, 9.750 
	2.197, 9.750 
	0.415, 0.634 
	0.000, 0.993 
	- 
	- 
	-1.754, 3.245 
	0.000, 333.333 
	0,000, 1.835 
	1,14 
	1, 214 


	Miles in Distance (Log) 
	Miles in Distance (Log) 
	Miles in Distance (Log) 

	2.486 (0.745) 
	2.486 (0.745) 

	0.041, 3.137 
	0.041, 3.137 




	 
	Findings 
	Network Structure  
	 Online clientele networks spanned 6,601 ties between 197 census tracts with IMBs in Houston. Figure 3 reports on the tie strength for each of these connections, as represented by the 
	number of unique clients that traverse a census tract border to visit IMBs. Nearly half of the connections (N=3,083, 46.7%) represented multiple clients crossing the same census tract borders. Table 4 reports on several structural measures of these census tract networks. The graph density statistic of 0.342 indicates that the observed 6,601 connections accounted for 34.2% of all possible connections. Strong ties, caused by multiple clients, accounted for less dense networks, about 16.0% of all possible conn
	Using the sample of strong ties, the geographic distribution of the degree size of each of the census tracts is shown in Figure 5.16 Darker-colored areas represent the high-degree census tracts that have many ties with other areas in the city. The figure suggests a spatial concentration of high-degree tracts, which was confirmed by a significant spatial autocorrelation index (Moran’s I = 0.301, p < 0.001).  
	16 The geographic distribution of strong ties was similar to the one for all ties, which indicates that strong ties are a representative sample of the underlying clientele networks of online-promoted IMBs. Spatial concentration of inter-neighborhood degree was less profound when including all ties (Moran’s I = 0.149, p < 0.01).   
	16 The geographic distribution of strong ties was similar to the one for all ties, which indicates that strong ties are a representative sample of the underlying clientele networks of online-promoted IMBs. Spatial concentration of inter-neighborhood degree was less profound when including all ties (Moran’s I = 0.149, p < 0.01).   

	Table 4 Structural Network Measures of Census Tract Networks  
	Network Feature 
	Network Feature 
	Network Feature 
	Network Feature 
	Network Feature 

	Network Statistic 
	Network Statistic 


	 
	 
	 

	Any Tie 
	Any Tie 
	N = 6,601 

	Strong Tie 
	Strong Tie 
	N = 3,083 


	Graph Density  
	Graph Density  
	Graph Density  
	Mean Degree (𝑠𝑑) 
	Min-Max Degree 
	Number of Isolates 
	Transitivity 
	Diameter 
	Centralization (through Degree) 
	Average Path Length 

	0.342 
	0.342 
	67.015 (41.956) 
	0-162 
	3 
	0.639 
	3 
	0.485 
	1.675 

	0.160 
	0.160 
	31.299 (31.518) 
	0-136 
	31 
	0.544 
	4 
	0.534 
	  1.872 




	 
	 
	Figure 3 Distribution of Tie Strength  
	 
	Figure
	Note. Strong ties are marked with a darker color.  
	 
	Figure
	 Figure 4 Degree Distribution of Any Ties (Left) and Strong Ties (Right) 
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	Figure 5 Geographic Distribution of Census Tract Degrees as Observed through Online Clientele Networks (Strong Ties)   
	   
	Figure
	 
	Explaining Inter-Neighborhood Tie Formation 
	 Table 3 presents the log-odds of features that can drive tie formation between census tracts as observed through multiple clients traveling between census tracts to frequent IMBs. The first three models are dyad independence models that were conditioned upon census tract features, spatial, and social distance measures. A final ERGM was estimated to test higher-order interdependencies between census tracts, mainly to evaluate the extent of potential bias in the preceding models when accounting for network e
	 Model 1 presents the determinants for any tie formation between census tracts as a result of tract attributes and spatial distance. The edges term operates as the intercept and suggests that, even though the network was rather dense, ties had an overall low probability of existing. This is common in network models when density is lower than 50% (Lusher et al., 2013). As follows from the negative coefficient associated with the spatial distance measure, spatial distance was 
	an obvious impediment to tie formation between any two census tracts. In addition to spatial proximity, several physical cues helped explain clientele travels between neighborhoods. In particular, ties between census tracts were less likely in areas where a police station was within a mile distance, but more likely in areas that had the following characteristics: Relatively more men who could make up a pool of potential clientele; a relatively larger racial or ethnic minority among which a sub-group might e
	 A second model that omits spatial distance but adds the social distance measures shows that online clientele networks were more likely to span ties between census tracts that had similar reported rape offenses, although this was only significant under a one-tailed test in a model that accounts for both spatial and social distance measures (Model 3). Furthermore, the positive coefficient associated with the social distance measure for concentrated disadvantage suggests that clientele travels spanned ties be
	diffusion of crime and deviant norms between advantaged and disadvantaged neighborhoods. Models 2 and 3 are otherwise consistent with the previous model.   
	 A final model (Model 4) adds the network terms, which substantively improved model fit. The positive coefficient for the GWESP term along with the negative coefficient for the GWDSP term shows that ties were significantly more likely to exist as a function of transitive triads rather than two-paths. While most other effects remained largely the same, a few differences are notable. In particular, the effect of spatial proximity slightly reduced, suggesting that a spatial proximity effect was partially accou
	 
	Discussion and Conclusion 
	 This study offers a first look at what drives web-facilitated inter-neighborhood tie formation in the context of deviant behaviors. Based on census tract networks that were constructed through web reviews of IMBs and merged with geospatial and population data, the analyses suggest that the content of reviews may provide contextual cues that influence the offline location choices of clientele. The networks show that clientele frequently traversed census tract borders and may diffuse deviant norms and illici
	Table 5 ERGM Results. Explaining Inter-Tract Tie Formation  
	 
	 
	 
	 
	 

	 (1) 
	 (1) 

	(2) 
	(2) 

	(3) 
	(3) 

	(4) 
	(4) 



	 
	 
	 
	 

	β (SE) 
	β (SE) 

	β (SE) 
	β (SE) 

	β (SE) 
	β (SE) 

	β (SE) 
	β (SE) 


	Edges 
	Edges 
	Edges 

	-3.510*** (0.874) 
	-3.510*** (0.874) 

	-4.513*** (0.872) 
	-4.513*** (0.872) 

	-3.897*** (0.881) 
	-3.897*** (0.881) 

	-5.748*** (0.742) 
	-5.748*** (0.742) 


	Tract Features  
	Tract Features  
	Tract Features  
	Population (log) 
	% Male 
	% Racial/Ethnic Minority 
	Primary Road  
	Police Within Mile 
	Disadvantage 
	Robbery Offenses  
	Rape Offenses 
	IMB Count  
	Review Count 
	Review Count Difference  

	 
	 
	-0.158*** (0.041) 
	1.365** (0.508) 
	0.905*** (0.129) 
	-0.103** (0.040) 
	-0.277*** (0.047) 
	-0.137*** (0.031) 
	-0.001 (0.001) 
	0.362*** (0.045) 
	0.093*** (0.013) 
	0.270*** (0.006) 
	-0.212*** (0.006) 

	 
	 
	-0.178*** (0.041) 
	1.117* (0.509) 
	1.107*** (0.131) 
	-0.218*** (0.039) 
	-0.276*** (0.047) 
	-0.206*** (0.032) 
	-0.001 (0.001) 
	0.586*** (0.054) 
	0.098*** (0.012) 
	0.264*** (0.006) 
	-0.206*** (0.006) 

	 
	 
	-0.149*** (0.041) 
	1.324** (0.511) 
	1.007*** (0.133) 
	-0.131** (0.040) 
	-0.294*** (0.048) 
	-0.174*** (0.032) 
	-0.000 (0.001) 
	0.412*** (0.056) 
	0.092*** (0.013) 
	0.270*** (0.006) 
	-0.212*** (0.006) 

	 
	 
	-0.086* (0.031) 
	1.323** (0.433) 
	0.564*** (0.101) 
	-0.026 (0.032) 
	-0.246*** (0.376) 
	-0.135*** (0.025) 
	-0.000 (0.001) 
	0.176*** (0.051) 
	0.083*** (0.014) 
	0.147*** (0.006) 
	-0.040*** (0.007) 


	Social Distance 
	Social Distance 
	Social Distance 
	Concentrated Disadvantage  
	Rape Offenses  

	 
	 
	- 
	- 

	 
	 
	0.140*** (0.032) 
	-0.296*** (0.077) 

	 
	 
	0.136*** (0.032) 
	-0.147~ (0.079) 

	 
	 
	0.123*** (0.032) 
	-0.044 (0.077) 


	Spatial Distance 
	Spatial Distance 
	Spatial Distance 

	-0.510*** (0.034) 
	-0.510*** (0.034) 

	- 
	- 

	0.504*** (0.033) 
	0.504*** (0.033) 

	-0.382*** (0.032) 
	-0.382*** (0.032) 


	Network Structure                 
	Network Structure                 
	Network Structure                 
	GWDSP 
	GWESP 

	 
	 
	- 
	- 

	 
	 
	- 
	- 

	 
	 
	- 
	- 

	 
	 
	-0.057*** (0.002) 
	1.499*** (0.108) 


	AIC  
	AIC  
	AIC  
	BIC 

	10,661 
	10,661 
	10,763 

	10,867 
	10,867 
	10,977 

	10,643 
	10,643 
	10,761 

	9,784 
	9,784 
	9,918 




	Notes. ~ p < 0.10; * p < 0.05; ** p < 0.01; *** p < 0.001. Coefficients are logit coefficients.  
	 
	  As hypothesized, spatial distance continued to be a key impediment for clientele to span ties across different geographies through IMB visits. The importance of spatial proximity confirms the abundant literature on the concentration of crime and criminal networks within a set of spatially proximate neighborhoods (Kirk & Papachristos, 2011; Mears & Bhati, 2006; Peterson & Krivo, 2009). The findings are also consistent with research on the geography of social media networks generally, which has shown that w
	 When controlling for spatial proximity, this study shows that clientele networks of IMBs spanned ties between distant areas for reasons that are in line with crime opportunity theoretical perspectives, especially routine activity theory (Cohen & Felson, 1979; Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980). Specifically, the odds for clientele to frequent IMBs in any two areas increased when these areas had suitable targets and motivated individuals, as represented by 1) a higher number of IMBs;
	underscores the idea that opportunities for crime events and deviant behaviors are embedded in the structure of networks of crime and deviant groups (Kleemans & De Poot, 2008).  
	 Several findings contradict prior literature and merit attention in future studies. One seemingly surprising finding is the significant role of the percentage of male residents, which contradicts macro-level studies that rarely show a significant neighborhood effect of gender. However, the finding is in line with studies on the spatial patterning of commercial sex and sex trafficking and with the demographics of clientele who are mostly men (Bouché & Crotty, 2017; Chin et al., 2015; Chin et al., 2019; Huff
	 Lastly, the significant association between clientele visits and reported rape incidents in a particular area may be explained by prior literature that suggests sexually-oriented reviews may be permissive of sexual deviancies, assault, and harassment (Cunningham et al., 2018). However, this finding also needs to be interpreted against the background of a well-known underreporting of rape incidents, which would bias the findings when the reporting is disproportionately distributed across geographic areas. A
	 It also follows from these findings that the features driving web-facilitated inter-neighborhood tie formation differ from the processes identified in prior studies on gang co-offending or illicit drug markets (Papachristos & Bastomski, 2018; Schaefer, 2012). The findings here focus on a clientele demand for an illicit market and provide stronger support for crime opportunity perspectives, specifically the notion that an individual’s location choices depend on the extent to which the features of an area ma
	This study is not without limitations. While the findings are consistent with past theoretical and empirical work on crime and deviancy and also support the broader array of 
	literature on the geographies of online social networks, an obvious limitation is that the findings may be context-specific to the city of Houston and the problem of IMBs. Future studies should replicate the theoretical and methodological approach of this study to different geographical contexts and crime types. In addition, future work may also observe inter-neighborhood ties through other types of connections between IMBs, for example through shared ownership of storefronts, rotation of providers, and cri
	Some may perceive the lack of empirical delineation between commercial sex and sex trafficking as a limitation. However, the goal of this study was not to identify distinct drivers for commercial sex and sex trafficking, and it is important to note that individuals have varying experiences, beyond the binary distinction of commercial sex versus sex trafficking. Concerns exist about a range of different problems in IMBs, including labor exploitation and labor trafficking, verbal abuse, sexual harassments, an
	While recognizing these limitations, this study emphasizes the continuing importance of spatial proximity in the formation of web-facilitated networks of crime and deviancy, and 
	contributes to prior work by offering new theoretical and methodological inroads that help explain why any two distant areas are connected in patterns of crime and acts of deviancy. As access to the internet continues to expand and the use of social media becomes virtually anywhere in the U.S. an inherent part of daily routines, including those of criminal and deviant groups (Pyrooz et al., 2015), this study draws attention to the need to be alert to potentially changing geographies of criminal and deviant 
	On a practical level, the findings yield important implications for crime control and prevention strategies. By showing that clients frequently travel across census tract borders to visit different IMBs, this work hints at the limitations of current criminal justice strategies such as on the ground vice operations that shut down IMBs in particular areas. These shutdowns may have a limited effect when clientele are willing to traverse census tract borders even at larger geographic span, meaning that IMBs can
	for IMBs. The aim of such efforts should be to prevent problems related to abuse, sexual assault or rapes. These efforts may also involve awareness raising of the varying victimizing experiences in IMBs, reaching both clientele and their social communities. 
	To conclude, this study contributes to a theoretical and policy-relevant debate on the intersections of crime, place, and networks in the age of the internet, specifically noting the continued importance of crime opportunity theoretical perspectives such as routine activity theory (Felson, 1987; Felson & Clarke, 1995; Felson & Cohen, 1980; Miró, 2014). Drawing on the resurgence of interest in the relation between space and networks generally (Small & Adler, 2019), explaining changing geographies of crime an
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	Chapter 5  The Limits of Traditional Law Enforcement Actions in Addressing Crime Problems with Locational Flexibility: The Case of Illicit Massage Businesses  
	Introduction 
	 An increasing amount of criminal justice resources are being devoted to the issue of human trafficking17, many of which seek to address human trafficking victimizations in illicit massage businesses (IMBs). These venues owe their name by hosting illicit events such as commercial sex under the guise of legitimate massage. While IMBs have been identified as a problem in many urban contexts across decades (Armstrong, 1978; Bartley, 1994; Bryant & Palmer, 1975), concern about IMBs has increased in recent years
	17 Human trafficking victimizations and the provision of commercial sex are legally not the same and different perspectives exist about the victimizing nature of commercial sex (see, for a discussion, De Vries & Farrell, 2019). Regardless of moral perspectives on commercial sex, it is important to recognize the marginalized position of many individuals who depend on the income from sexual services and are at increased risk to health issues, violence, abuse, and exploitation.    
	17 Human trafficking victimizations and the provision of commercial sex are legally not the same and different perspectives exist about the victimizing nature of commercial sex (see, for a discussion, De Vries & Farrell, 2019). Regardless of moral perspectives on commercial sex, it is important to recognize the marginalized position of many individuals who depend on the income from sexual services and are at increased risk to health issues, violence, abuse, and exploitation.    

	 Police have primarily deployed traditional vice tactics against IMBs, which can include rapid patrol-based responses to citizen complaints or reactive investigations usually in response to tips from concerned community members (discussed further below). While these efforts 
	demonstrate an agency’s willingness to respond to crime and victimization problems in IMBs, the public and criminal justice practitioners alike have expressed concerns about the limited effectiveness of the traditional law enforcement response with some suggesting a “whack-a-mole effect” where IMBs seem to continue to open anywhere in a city and sometimes even at or near a location where a police action took place (Axon, Kelly, & Braun, 2019; Wang, 2010). The online promotion of IMBs through online classifi
	  Two broad theoretical perspectives generally support proactive police crime control strategies: deterrence and crime opportunity reduction (Weisburd & Majmundar, 2018). Deterrence suggests that police can reduce crime if they are able to convince would-be offenders that the risks of apprehension and punishment exceed the benefits of committing crime (Gibbs, 1975; Nagin, 2013a; Zimring & Hawkins, 1973). In general, the swiftness and certainty of sanctions are more salient than severity of sanctions when pr
	are often highly publicized. Police can also attempt to reduce crime opportunities by altering the underlying conditions and dynamics that cause crime problems to persist (Weisburd & Majmundar, 2018). Alternative strategies, such as problem-oriented policing, can be used to diagnose crime problems and launch a variety of tailored responses that seek to change underlying crime opportunity structures that may discourage offenders from committing crimes (Goldstein, 1990; Braga, 2008). Crime opportunity reducti
	 Since our current knowledge base on the effectiveness of traditional police enforcement actions against IMBs has remained largely descriptive and anecdotal, this study has two objectives. First, a quasi-experimental research design was used to evaluate whether police enforcement actions that resulted in the closure of IMBs prevented the attraction of new IMBs in the same or adjacent areas. Second, insights on framing plausibly effective police responses to persistent IMB problems were derived through predi
	 The next section provides further detail about the current police response to IMBs, followed by sections on deterrence theory and empirical evidence on effective policing strategies that guide this study’s evaluation. The data and methods sections outline the research designs used for each of the above objectives. The study concludes with key findings and implications for future research and policy, which speak to the need to alter the current response to IMBs. 
	 
	Law Enforcement Actions against Commercial Sex and Sex Trafficking in IMBs 
	 An understanding of law enforcement tactics against IMBs needs to be integrated in the broader response against human trafficking. On a national level, significant criminal justice system resources are devoted to human trafficking issues. For example, the Department of Justice awarded over $100 million in 2019 alone to efforts supporting the identification of victims, and investigation and prosecution of offenders (U.S. Department of Justice, 2019). A substantial proportion of these anti-trafficking effort
	  Although a small percentage of IMBs are directly targeted by police enforcement actions, potential deterrence effects might work through extensive media coverage of these actions. For example, The Seattle Times recently reported on a sting operation at eleven IMBs in Seattle’s neighborhoods. The action involved up to 100 local and federal police officers, was initiated after neighborhood complaints and a lengthy prostitution and money-laundering investigation, and ultimately resulted in shutdowns of sever
	 It is possible that media reports of actions like the Seattle operation function as a general threat of punishment (Sherman, 1990; Zimring & Hawkins, 1973), or a socializing and moralizing force (Cook, 1980). In addition, it may be the expectation that targeting a few players could impact an illicit market as a whole, as has also been noted in the deterrence literature in relation to market-oriented crime problems such as drug markets: “…we would expect that law enforcement efforts directed at any one of t
	 But, while media reports could launch a deterrence threat and targeting a few players may impact the market as a whole, several issues raise skepticism about the impact of enforcement actions against IMBs. First, online platforms such as online classifieds and review boards provide IMBs a vast clientele network who can use these platforms to stay informed about the locations and services of IMBs. When clientele are willing to span some distance to frequent 
	IMBs in different neighborhoods, these online platforms offer the venues a locational flexibility. Clientele may also use these platforms to discuss police activity and mitigate the risk of arrests (Blevins & Holt, 2009; Holt et al., 2008).  
	 Second, studies have warned about the ineffectiveness of reactive, traditional vice tactics against a crime like human trafficking (Farrell, Dank, et al., 2019; Farrell & Pfeffer, 2014). This is because victims of human trafficking often do not self-identify out of fear for repercussions, an emotional attachment to their exploiter(s) as well as distrust toward police (Farrell, Dank, et al., 2019). Furthermore, police officers may not have had specialized training on human trafficking, which limits their ab
	 Third, in the development of enforcement strategies against IMBs, little attention seems to be given to the core ideas of deterrence theory and the literature on police intervention effectiveness. In particular, it is not clear that the current response is using an evidence-informed or place-based approach, or seeks to prevent new IMBs by diminishing local crime opportunities. And even though hot spots policing has been associated with statistically significant crime reductions in street-level drug markets
	unclear. To inform under which circumstances and through which mechanisms police enforcement actions against IMBs could have positive, harm-reduction effects, the following sections outline the core ideas about deterrence from the policing literature.  
	 
	Theoretical Background: Deterrence and Criminal Opportunities  
	 Deterrence theory hypothesizes that would-be offenders refrain from crime when the benefits of illegal behaviors outweigh the perceived risk of apprehension and legal punishment (Gibbs, 1975; Zimring & Hawkins, 1973). Two key assumptions are that would-be offenders are rational decision-makers who weigh benefits against risks of crime and that increasing the certainty, severity, and swiftness of punishment can impact their crime decisions (Clarke & Cornish, 1985; Cornish & Clarke, 1986). While there is mix
	 The literature often distinguishes between general or specific deterrence (Cook, 1980). General deterrence strategies aim to prevent a general population from committing crime by influencing their perceptions on the likelihood of punishment, for example through increased penalties, police presence, or traditional crackdowns. Specific deterrence focuses on chronic offenders and seeks to increase their perceptions of sanctions to prevent future offending, a 
	strategy that essentially stems from persistent crime problems that were not prevented through general deterrence strategies (Nagin, 2013a).  
	 In addition to influencing perceptions of crime risks, a discussion of deterrence also requires reference to the opportunity structures that influence a would-be offender’s decision-making process (Cornish & Clarke, 1987; Nagin et al., 2015; Sherman et al., 1989). This is central to crime opportunity theories that posit that places have choice-structuring properties, some of which can attract or generate crime (Natarajan, 2017). For example, routine activity theory states that crime events are more likely 
	 Besides local crime opportunities at discrete locations, larger neighborhood dynamics provide the social context for crime (Weisburd, 2012; Wilcox et al., 2003) and, as such, can further influence a potential offender’s decision to engage in crime. With that in mind, studies 
	have begun to integrate social disorganization and crime opportunities to explain local crime events (Weisburd, 2012; Wilcox et al., 2003). As shown in empirical studies, social disorganization can moderate the effect of local crime opportunities or strengthen explanations of crime at discrete locations (e.g. Jones & Pridemore, 2019). In the context of IMBs, Chapter 3 identified that a neighborhood’s residential turnover, population heterogeneity, and economic inequality indeed provide favorable conditions 
	 Drawing on both deterrence and crime opportunity theories, police can reduce crime in two important ways: as apprehension and sentinel agents (Nagin, 2013; Nagin, 2015; Nagin, Solow and Lum, 2015). Traditionally, police are trained as apprehension agents in that they respond to criminal events that have already occurred and seek to achieve deterrence through influencing perceptions of risk and signaling the certainty of apprehension. Opportunity theoretical perspectives lay the ground for situational crime
	engaging in illicit behaviors. This implies the need for a clearer understanding of which police responses have been effective. 
	 
	Empirical Evidence on Effective Police Crime Control and Crime Prevention Strategies 
	 The effectiveness of policing strategies is dependent on the way police are deployed (Nagin et al., 2015, p. 77). Traditional forms of policing, such as random patrol or tactics similar to those observed against IMBs such as rapid response and retroactive investigations have had no or limited effects on reducing crime rates (Nagin, 1998, 2013b). These strategies are often based on a flawed assumption that criminal opportunities are available to everyone and everywhere, thus that influencing the ratio of pe
	 While traditional policing has overall had limited effects, some police crackdowns – which are similar to certain vice tactics against IMBs (e.g. sting operations) – have resulted in initial deterrence effects (see, for a discussion, Paternoster, 2010). Police crackdowns aim to enhance general deterrence through “sudden increases in officer presence, sanctions, and threats of apprehension either for specific offenses or for all offenses in specific places” (see also Eck & Spelman, 1987; Sherman, 1990, p. 1
	deterrence effects to have series of intermittent and unpredictable crackdowns that rotate targets, and have much publicity while the back-offs have little or no publicity. When this strategy is coupled with actual arrests, Sherman (1990) expects effects that are potentially more powerful than changing legislature or sentencing.   
	 Nonetheless, the policing literature holds most promise for proactive policing strategies that are geographically-focused or person-oriented, and use a wide variety of tools and partners to respond to crime (Weisburd & Eck, 2004). For example, significant crime reductions have been observed for place-based approaches such as problem-oriented or hot spots policing that direct policing resources to a nonrandom concentration of crime (see, for overviews, Bowers, Johnson, Guerette, Summers, & Poynton, 2011; Br
	 Crime reduction effects can also result from person-focused approaches such as focused deterrence strategies that target specific crime problems and seek to change perceptions of sanction risks among potential high-risk offenders (Weisburd & Majmundar, 2018). One of the 
	most well-known, and extensively evaluated, focused deterrence strategies is Boston’s Operation Ceasefire. This strategy sought to increase perceptions of punishment risks among youth involved in or at high risk to be involved in gang violence in several of Boston’s neighborhoods. Despite initial skepticism about the evaluation of this operation (Fagan, 2002; Ludwig, 2005), rigorous research evaluations demonstrate statistically significant reductions of gang-related shootings as a result of person-focused 
	 In summary, the policing literature reveals limited effects of a traditional law enforcement response alone, but there are more encouraging results from proactive, evidence-informed, and targeted policing strategies. What is missing from the literature is a clear understanding of the implications of deterrence theory and policing for online-promoted crimes, where a reduced dependency on environmental cues can aid a locational flexibility, facilitate a relocation after police actions, and as such undermine 
	 
	Current Study  
	 The present study examines the consequences of police enforcement actions against online-promoted IMBs. Two objectives guide the analyses. First, this study seeks to evaluate the direct impact of police enforcement actions on the prevention of new IMBs in or near the targeted areas. Although these enforcement actions are aimed at reducing the number of IMBs, the policing literature suggests that a traditional, retroactive response similar to those employed against IMBs would have no or limited deterrence e
	whether the locations of new IMBs can be predicted beyond the directly targeted neighborhoods using information about police interventions, IMBs’ online popularity, and a neighborhood’s socio-economic composition. In doing so, it provides an understanding of the relative importance of police enforcement actions against a broader set of neighborhood features that can influence opportunity structures for IMBs.  
	 
	Data and Methods 
	 The primary data for this study come from one of the largest online platforms for IMBs and media reports of police enforcement actions. The website used for the present study operates as a review board for clientele who provide the locations of IMBs along with their reviews.18 The present analyses rely on publicly-accessible data about the location and popularity (e.g. number of reviews) of IMBs. Information about a total of 2,301 IMBs with reviews in or prior to 2017 was obtained for Massachusetts (N=494)
	18 The web address is not provided in an effort to preserve some confidentiality of the commercial sex providers, website users, and locations. 
	18 The web address is not provided in an effort to preserve some confidentiality of the commercial sex providers, website users, and locations. 
	19 Note further that data for duplicate entries were merged. IMBs that shared addresses and a strong similarity in names were considered duplicate entries, whereas those that shared addresses but had different names were not considered duplicates.  

	distributed across 1,449 block groups (5.66% of total), 1,269 census tracts (15.47% of total) across 308 places. The subsequent sections use census tracts as the units of analysis, and have the purpose to identify whether police actions prevented the opening of new IMBs anywhere within a targeted census tract. Sensitivity analyses were conducted on the level of block groups. 
	 Media reports were used to obtain information about police actions associated with a closure of an IMB immediately at or shortly after the action. This information was obtained through the following steps. First, to retrieve a reliable sample of closed IMBs, a list with addresses was constructed for all IMBs that no longer received reviews or were flagged as “closed” by the website. This list was used as input for the Google’s Place Application Programming Interface (API) to identify which IMBs continued t
	20 These actions were all reported in a month after the last online review and exclude police enforcement actions at locations that were not reported on the website in 2011-2017.  
	20 These actions were all reported in a month after the last online review and exclude police enforcement actions at locations that were not reported on the website in 2011-2017.  

	 To obtain socio-economic characteristics about locations of IMBs, data were merged with geographically and, as far as possible, time-matching geospatial and population data. This included 1) demographic and socio-economic data from the 2013-2017 American Community Survey (Manson et al., 2018); 2) spatial adjacency and distance measures calculated from the U.S. Census Bureau 2017 shapefiles; 3) the most recent locations of police stations in the three states using Google’s Place API; and 4) OpenStreetMap (O
	 
	Research Design  
	 Two types of analyses were conducted. First, a quasi-experimental research design was applied to assess whether police enforcement actions prevented the opening of new IMBs in or near targeted areas during a five-year period between 2013 and 2017. Second, machine learning techniques were used to predict the location of new IMBs after police enforcement actions and in a larger context of choice-structuring neighborhood processes.  
	 
	Quasi-Experimental Research Design  
	 A quasi-experimental research design was applied to obtain a causal impact of police enforcement actions on the presence of new IMBs in or near the area where the action took place. Propensity score matching routines were applied to compare census tracts with a police enforcement action anytime between January 2013 and December 2017 (N = 102, ‘treatment’ tracts) with a control group of census tracts that did not face any police enforcement actions between 2013 and 2017. The specific census tracts with a po
	years. Tracts that were immediately adjacent to a treated area (but not treated themselves) as well as tracts in counties without any IMB or that had no interventions in the study period were excluded from consideration as appropriate control groups.  
	Propensity score matching routines using the MatchIt package in R (Ho et al. 2011) were applied to identify an appropriate control group. These routines summarize relevant neighborhood features and use that to assign a propensity score to each tract. Pairs of treated and control tracts were matched based on their propensity scores (see Rosenbaum & Rubin, 1985). Propensity score matching was based on the following weakly-correlated neighborhood features (see the Appendix for the operationalization of these m
	21 See the Appendix for an operationalization of these variables.  
	21 See the Appendix for an operationalization of these variables.  
	22 Nearest neighbor matching with a caliper of 0.2 and a ratio of 1 was applied.  

	A longitudinal research design was used where the unit of analysis is the census tract in a given month between 2011 and 2017. The outcome measure represents the monthly cumulative count of new IMBs. To illustrate this, a census tract with a new IMB in March 2012 and also in 
	April 2016, was coded as ‘1’ from March 2012 until March 2016, after which it was recoded to ‘2’. The impact of a police enforcement action on this monthly count was analyzed using a linear two-way within-panel fixed-effects model with combined entity (𝑖) and time (𝑡) fixed effects. The basic estimation takes the following form: 𝑌𝑖𝑡= ∝𝑖+ 𝛽1𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖+∑𝛽𝑡𝑇𝑡=2𝑚𝑜𝑛𝑡ℎ𝑡+∑𝛽𝑖𝐼𝑖=2𝑡𝑟𝑎𝑐𝑡𝑖 + 𝜀𝑖  
	  
	Here, 𝑌𝑖𝑗 is the monthly count of IMBs of tract i. Treatment indicates whether or not a tract was treated and equals 1 for all months during or after a police enforcement action, compared to that tract’s previous months (Treatment = 0) and a control group (Treatment = 0 in all months). The analyses also account for yearly linear and nonlinear trends. Analyses were conducted in R using the plm package for fixed-effect models (Croissant & Millo, 2018; Millo, 2017). 
	 The validity of the estimation relies on the extent to which group differences prior to the first intervention are time constant. This assumption, known as the common trends assumption, can be met when linear regression is applied, but could become more problematic for nonlinear models where any group differences are required to be absent because exponentiated differences could introduce bias to the analyses (Ai & Norton, 2003; Athey & Imbens, 2006; Puhani, 2012). Figure 7 presents the count of IMBs across
	 
	 
	Table 6 Group Means for Treated and Untreated Areas  
	Variables 
	Variables 
	Variables 
	Variables 
	Variables 

	Control  
	Control  

	Treated  
	Treated  

	p-value of t-tests 
	p-value of t-tests 



	City Size (> 100,000) 
	City Size (> 100,000) 
	City Size (> 100,000) 
	City Size (> 100,000) 

	0.516 
	0.516 

	0.474 
	0.474 

	0.564 
	0.564 


	Tract Population (log) 
	Tract Population (log) 
	Tract Population (log) 

	8.424 
	8.424 

	8.537 
	8.537 

	0.204 
	0.204 


	Concentrated Disadvantage 
	Concentrated Disadvantage 
	Concentrated Disadvantage 

	-0.015 
	-0.015 

	-0.077 
	-0.077 

	0.686 
	0.686 


	Residential Instability 
	Residential Instability 
	Residential Instability 

	0.466 
	0.466 

	0.343 
	0.343 

	0.424 
	0.424 


	Population Heterogeneity 
	Population Heterogeneity 
	Population Heterogeneity 

	0.498 
	0.498 

	0.480 
	0.480 

	0.518 
	0.518 


	Income Inequality 
	Income Inequality 
	Income Inequality 

	1.127 
	1.127 

	1.046 
	1.046 

	0.431 
	0.431 


	% Male 
	% Male 
	% Male 

	0.506 
	0.506 

	0.500 
	0.500 

	0.409 
	0.409 


	Commercial Center 
	Commercial Center 
	Commercial Center 

	0.147 
	0.147 

	0.158 
	0.158 

	0.841 
	0.841 


	Retail Center 
	Retail Center 
	Retail Center 

	0.263 
	0.263 

	0.253 
	0.253 

	0.869 
	0.869 


	Residential Center 
	Residential Center 
	Residential Center 

	0.326 
	0.326 

	0.326 
	0.326 

	1.000 
	1.000 


	Industrial Center 
	Industrial Center 
	Industrial Center 

	0.074 
	0.074 

	0.095 
	0.095 

	0.604 
	0.604 


	Primary Road 
	Primary Road 
	Primary Road 

	0.358 
	0.358 

	0.326 
	0.326 

	0.648 
	0.648 


	Police within Mile 
	Police within Mile 
	Police within Mile 

	0.347 
	0.347 

	0.358 
	0.358 

	0.880 
	0.880 


	New IMBs in 2011 
	New IMBs in 2011 
	New IMBs in 2011 

	0.305 
	0.305 

	0.337 
	0.337 

	0.744 
	0.744 


	New IMBs in 2012 
	New IMBs in 2012 
	New IMBs in 2012 

	0.263 
	0.263 

	0.305 
	0.305 

	0.662 
	0.662 




	  
	Figure 7 Monthly Cumulative Number of New IMBs in Treated and Untreated Tracts (January 2011 - December 2017) 
	 
	Figure
	 
	Supervised Machine Learning 
	 While a quasi-experimental research design was used to identify the impact of police enforcement actions in or near the targeted tracts, supervised machine-learning techniques were applied to predict where IMBs would (re-)locate after police enforcement actions. As a data-driven approach, machine-learning models do not seek to explain why an event occurs but help identify if an event occurs as a function of a set of relatable items. This study’s analyses sought to predict which neighborhoods had new IMBs i
	23 This is the percentage after accounting for missing information on tract-level features, which retained a sample size of 7,966 instead of 8,201 census tracts. 
	23 This is the percentage after accounting for missing information on tract-level features, which retained a sample size of 7,966 instead of 8,201 census tracts. 
	24 The date of the first review was interpreted as the year of entering an online-promoted market. This does not necessarily equal the date of the actual opening. 

	Measures 
	New locations in 2017 were predicted using information from a 2016 sample that comprised 200 census tracts with new IMBs in 2016 (2.5% of total). The appendix provides an overview of the key features of census tracts with and without new IMBs in 2016. Three sets of predictors were used, and broadly refer to distance and exposure to police actions, online-facilitated connectivity and popularity, and neighborhood features. The role of police interventions was examined through three variables. First, the short
	connected to an intervention area through clientele that visited IMBs in both tracts. This was the case for an average of 11.1% of the tracts, and significantly more so for tracts with new IMBs (72.5%) compared to census tracts without new IMBs (9.5%). Third, to examine a potential city-level exposure to police enforcement actions, the analyses include the number of police enforcement interventions in a city up to 2016 (𝑥̅ = 3.125). The average number of interventions in a city was higher for tracts with I
	Three measures of online-facilitated connectivity and popularity were included as potential predictors for new IMBs. First, the distance to a tract with high-degree centrality was assessed. A tract’s degree centrality is a measure of connectivity to other neighborhoods, and here indicates how often clientele traveled between tracts to frequent IMBs elsewhere. High-degree tracts had a degree centrality that was higher than the average and the distance in miles to those tracts was calculated. Second, the dist
	Furthermore, the role of a select set of neighborhood features as potential predictors was assessed, focusing on those that align with social disorganization or crime opportunity theories. While recognizing that a myriad of variables could be included, the present study assesses the predictiveness of the variables that were previously associated with the presence of IMBs (see 
	Chapter 3), including population demographics, socio-economic composition (e.g. concentrated disadvantage), land use (e.g. commercial and retail land use) and street accessibility (e.g. primary road), and the visible presence of a police station within one mile. The appendix provides an overview of the operationalization of all variables, along with the total and group means.  
	 
	Estimations 
	Six popular machine-learning techniques were used: Gradient Boosting Machine (GBM); Regularization models; K Nearest Neighbor (KNN), Support Vector Machine (SVM), Random Forests, and Neural Networks with a Principal Component Analysis. Data were trained on 2016 data (‘training sample’) and predictive accuracy was assessed on 2017 data (‘test sample’). Because machine-learning techniques can be ineffective in detecting rare events, the ‘train sample’ was randomly down-sampled such that class frequencies of t
	All training procedures involved an internal k-fold cross-validation procedure, where the sample was divided in k=10 folds and estimates were derived from a fraction of (k-1)/k) of the training data. Prediction errors on the remaining fold were computed to subsequently retain the model with best predictive accuracy. Data were trained on the ROC-metric and out-of-sample validity was assessed on the 2017 sample using a variety of different performance metrics (see the Appendix). The model with optimal predict
	Findings 
	Findings from the Two-Way Within-Panel Fixed-Effects Models 
	 Figure 7 shows that tracts had an increasing number of new IMBs in the post-intervention period, compared to untreated tracts. This adverse impact of police enforcement actions is confirmed by the findings of the fixed-effect regression models in Table 7. Model I shows the impact of a police enforcement action in the specific tract where the intervention took place. There, police enforcement actions were associated with a β = 0.916 statistically significant increase (p < 0.001) in the cumulative number of 
	25 To assess the robustness of this finding, several sensitivity analyses were conducted. First, some may argue that the months prior to treatment may serve as the best control group for a post-treatment time given that neighborhood features between treatment and control are absent, assuming time indifferences. With that in mind, the models were re-estimated with only the treated tracts included where treatment was ‘0’ for all months prior to treatment and ‘1’ for all months after treatment. This resulted i
	25 To assess the robustness of this finding, several sensitivity analyses were conducted. First, some may argue that the months prior to treatment may serve as the best control group for a post-treatment time given that neighborhood features between treatment and control are absent, assuming time indifferences. With that in mind, the models were re-estimated with only the treated tracts included where treatment was ‘0’ for all months prior to treatment and ‘1’ for all months after treatment. This resulted i
	26 Similar matching procedures were performed as for the tract-level analyses.  

	result of police enforcement actions. Second, the impact of police actions was assessed at the block group level to evaluate whether the findings would hold even at a more micro-geographic level where the presence of new IMBs may be further restricted by space issues. Model III in Table 7 shows that the effects on block group level were similar even though the explained variance was substantially reduced. Altogether, these findings suggest that the impact of police actions was primarily localized to the cen
	 While showing a localized increase of new IMBs, there is one major complication with the above analyses. So far, the analyses were restricted to a sample of treated tracts and a comparable control group. This, however, excludes a substantial number of tracts where new locations opened but where police enforcement actions may have had a less direct impact. Considering the growing number of online-promoted IMBs, it is important to understand the extent to which police actions play a role in where new IMBs ar
	 
	Table 7 Findings of Within-Panel Fixed Effects Models that Measure the Impact of Police Enforcement Actions on the Cumulative Count of New IMBs 
	 
	 
	 
	 
	 
	 
	Variables 

	Model I  
	Model I  
	Treated Tracts 
	β (SE) 

	Model II  
	Model II  
	Buffer Zones  
	β (SE) 

	Model III  
	Model III  
	Treated Block Groups  
	β (SE) 



	Police Action 
	Police Action 
	Police Action 
	Police Action 

	0.916*** (0.139) 
	0.916*** (0.139) 

	0.085** (0.029) 
	0.085** (0.029) 

	0.925*** (0.218) 
	0.925*** (0.218) 


	Yearly Trend 
	Yearly Trend 
	Yearly Trend 

	0.432*** (0.057) 
	0.432*** (0.057) 

	0.086*** (0.011) 
	0.086*** (0.011) 

	0.426*** (0.079) 
	0.426*** (0.079) 


	Yearly Trend2 
	Yearly Trend2 
	Yearly Trend2 

	-0.030*** (0.006) 
	-0.030*** (0.006) 

	-0.004*** (0.001) 
	-0.004*** (0.001) 

	-0.033*** (0.008) 
	-0.033*** (0.008) 


	Overall Intercept 
	Overall Intercept 
	Overall Intercept 

	-0.282*** (0.129) 
	-0.282*** (0.129) 

	-0.068*** (0.025) 
	-0.068*** (0.025) 

	-0.258*** (0.182) 
	-0.258*** (0.182) 


	N (Tracts * Months) 
	N (Tracts * Months) 
	N (Tracts * Months) 

	15,960 
	15,960 

	84,168 
	84,168 

	17,095 
	17,095 


	N Tracts 
	N Tracts 
	N Tracts 

	190 
	190 

	1,002 
	1,002 

	206 
	206 


	R2 Within  
	R2 Within  
	R2 Within  
	R2 Between 
	R2 Overall  

	0.397 
	0.397 
	 0.063 
	0.163 

	0.107 
	0.107 
	0.004 
	0.035 

	0.225 
	0.225 
	0.047 
	0.071 




	Note. SE = Clustered Robust Standard Errors.  
	Findings from the Machine-Learning Models  
	 Machine-learning techniques were used to predict new locations of IMBs as a function of spatial and social proximity to police enforcement actions, networks, and socio-economic neighborhood features. The results from the model with best predictive accuracy, a gradient boosting machine, will be presented below.27 This model predicted more than half of all new locations with IMBs in 2017 (see Table 9). While this is a considerable prediction score for rare events in a volatile and dynamic market, about 18.7%
	27 While model performance metrics were similar for the different techniques, a gradient boosting machine was selected for its highest AUC-ROC score and specificity (see Table 8). 
	27 While model performance metrics were similar for the different techniques, a gradient boosting machine was selected for its highest AUC-ROC score and specificity (see Table 8). 

	 Figure 8 presents the variable importance associated with all predictors. Variable importance represents a weight associated with a predictor, is always zero or positive, and cannot be interpreted as coefficients similar to those in regression analyses. Predictors with the largest value have relatively the most predictive power. In contrast to traditional explanatory models such as logistic regression techniques, most machine-learning models do not assign coefficients to the variables. One way to derive me
	 As follows from Figure 8, two sets of key predictors stand out. First, new IMBs were predicted in social proximity to police enforcement actions, which represents clientele who frequented IMBs in both the area where police intervened and the areas where a new IMB was predicted. Spatial proximity to an intervention area further aided the predictions, although to a 
	lower degree. New IMBs were more often observed in areas spatially close to interventions (on average ten miles) instead of further afield. Second, spatial proximity to popular neighborhoods mattered. In particular, tracts attracted new IMBs when they were spatially proximate to popular and highly interconnected tracts, where the number of prior online reviews or inter-neighborhood ties (through clientele frequenting IMBs in multiple neighborhoods) was higher than the average. In addition, various socio-eco
	 
	Figure 8 Variable Importance 
	 
	Figure
	Discussion  
	 Prior information on police enforcement actions against IMBs has largely remained anecdotal, lacking the theory and rigorous quantitative assessments that could either support or debunk concerns about the effectiveness of these actions. Using rigorous analytical techniques, the present study finds adverse effects of enforcement actions against IMBs. First, a quasi-experimental research design comparing intervention areas with a control group showed that enforcement actions were associated with a growing nu
	Machine-learning models also predicted new IMBs in populous, advantaged, transitioning, and retail areas. The nesting of IMBs in these areas can be an opportunistic strategy to avoid suspicion of authorities by blending into a legitimate context (Holt et al., 2008, 2014), or a business strategy to maximize a potential pool of clientele that may also go to neighboring restaurants or shops (Eck, 1995b; Eck & Weisburd, 1995; Felson, 1987). The location of IMBs in advantaged areas is in line with recent work su
	promotion moves IMBs or commercial sexual activity generally to higher-income and suburban areas (Bouché & Crotty, 2017; Chin et al., 2019; Venkatesh, 2011). Furthermore, new IMBs were identified in areas with a relatively higher residential turnover, which may offer the temporary vacant buildings for new IMBs and, along with other neighborhood features such as income inequality or racial and ethnic heterogeneity, could also allow IMBs to operate in transitioning areas with reduced levels of informal social
	 While a substantive amount of new locations of IMBs can be predicted using neighborhood-level information, the adverse effects of police enforcement actions are concerning. Several explanations can be provided. In particular, the literature on iatrogenic effects of policing strategies suggests that harmful effects can arise from methodological, theory, or implementation failures, which refer to inaccurate research evaluations, unsound prevention mechanisms from the outset or improper implementations (Ekblo
	policing (Weisburd & Majmundar, 2018). In addition to theoretical failure, the interventions against IMBs may suffer from an implementation failure by targeting most areas only once. Therefore, instead of increasing the unpredictability that could result from rotated and repeated crackdowns (Sherman, 1990), media reports about the current response may harm the “credibility of the message” (Ekblom, 1999, p. 43) by bringing attention to the limited risks for underlying criminal networks and clientele. 
	 Other possible reasons for adverse effects are related to the online platforms promoting illicit activity in IMBs and fostering demand, which can make the market more resistant and adaptive to traditional police interventions. Online platforms can also feed perceptions of low likelihood of detection, even when police efforts objectively intensify. For example, qualitative work describes that clientele provide details in online review boards as to where and when an action occurred (Holt et al., 2008, 2014).
	 Furthermore, organization scholarship can further help explain the market dynamics of IMBs that prevent police enforcement actions from having the intended effects. This is because IMBs share many characteristics with legitimate organizations operating in risky environments where there is an “ever-present potentiality of a catastrophe” (Hällgren, Rouleau, & De Rond, 2018, p. 125). Organizations that are best-equipped to adapt to unforeseen events rely on several strategies to mitigate risk, such as a high 
	(Hällgren et al., 2018; K. J. Klein, Ziegert, Knight, & Xiao, 2006). These strategies are remarkably similar to the observed modus operandi of IMBs that rely on a shared pool of frequently-rotating staff and delegate management and ownership to managers (Polaris, 2018). 
	  Organizational scholarship also suggests that disruptions can allow for new business opportunities when a situational environment allows for regaining or a relocation of supply and demand (Hällgren et al., 2018; Stecke & Kumar, 2009; Sydnor, Niehm, Lee, Marshall, & Schrank, 2017, p. 1642). With this in mind, it is important to reiterate that iatrogenic effects of intensified law enforcement strategies have been observed in other illicit markets such as drug markets or networked problems such as gang viole
	 Several limitations of the current research design may provide for alternative explanations and should be considered in future inquiries. First, machine learning models were implemented as first, exploratory approaches to the predictive nature of IMBs, and future 
	research should seek to improve the predictive accuracy and further unravel the key predictors in these models. Second, it is possible that police actions may drive a further online promotion of IMBs, for example when clientele become more active in online review boards and add reviews for IMBs that are new to the online domain but not new to the neighborhood. Third, the current study focused on strategies specific to IMBs whereas the market of IMBs could be affected by police enforcement actions against ot
	 While encouraging future scientific inquiries that address the above limitations, the findings yield a number of research and policy implications. In particular, this study contributes to the literature on iatrogenic effects of policing strategies by showing that non-targeted enforcement actions can be associated with harmful effects. There is a need to further explore the mechanisms to explain such effects in different crime contexts (see, for an in-depth discussion about harmful efffects, Braga, 2016; Mc
	robberies, yet limited knowledge exists about the effect of policing strategies against facilities such as IMBs. Furthermore, the current study lays the ground for research on the implications of deterrence theory and prior evidence on effective policing in the context of online-promoted illicit markets. This online promotion is important for future studies on policing because it can undermine the effectiveness of law enforcement strategies when it increases locational flexibility and provides alternative m
	 This study’s findings call for the need to explore alternative responses to IMBs that involve partners within and beyond the criminal justice system. While recognizing that IMBs present a unique case of crime and victimization problems, lessons can be drawn from proactive place-based and person-focused approaches, many of which integrate diverse strategies to increase perceptions of risks and reduce criminal opportunities (Bowers et al., 2011; Braga et al., 2019; Weisburd & Majmundar, 2018). In the context
	their efforts on key players, which has shown to be more effective than randomly taking out a few actors (McGloin, 2005). Lastly, crime prevention efforts might need to be extended to the online domain to influence prostitution-related discussions among clientele and alert their conscience, for example by purposively spreading messages about crime and victimization problems or focused policing strategies (Holt et al., 2008, 2014).  
	 The problem of IMBs is likely too complex for the police to handle alone, which calls for a number of different partnerships. There may be a particular role of “place managers” (Eck, 2002) to increase the visibility of criminal opportunities to potential guardians. Place managers could be landlords, owners of legitimate businesses in retail areas, or others in a position to organize space, regulate conduct, control access, or change the purpose or population of space (Eck, 2015; Madensen, 2007). The findin
	 Beyond the specific findings of the current study, a proposal to redesign the current response against IMBs also stems from concerns about possible harmful effects on victim identification and human trafficking investigations. In particular, concerns about a lack of victim services, an unjust focus on specific areas or groups of offenders or victims, and an unjust treatment of potential victims as offenders of commercial sex can harm the relations between 
	police and potential victims, put a barrier to victim statements and reduce overall community trust in police and police legitimacy (Farrell, Dank, et al., 2019). The importance of police-community relations cannot be underestimated given that the effectiveness of policing depends on perceptions on police legitimacy (Braga, 2012; Rosenbaum, 2006).   
	 In conclusion, this study lays the ground for future work on policing in online-promoted markets. The findings encourage alternative approaches against IMBs using an evidence-informed and proactive approach that targets specific places and actors, draws on the role of police as both apprehension and sentinel agents, and includes structural partnerships with place managers, victim service agencies, and community organizations. Future evaluations are needed to further evaluate the effectiveness of these stra
	 
	 
	 
	 
	 
	 
	Appendix     
	Figure 9 ROC Curves for Each Machine Learning Model 
	   
	Figure
	Table 8 Model Performance Metrics for Each Machine Learning Model  
	 
	 
	 
	 
	 

	AUC-ROC 
	AUC-ROC 

	Train Error 
	Train Error 

	Test Error 
	Test Error 

	Sensitivity 
	Sensitivity 

	Specificity 
	Specificity 

	Overall Accuracy [95% CI] 
	Overall Accuracy [95% CI] 



	GBM 
	GBM 
	GBM 
	GBM 

	0.760 
	0.760 

	0.182 
	0.182 

	0.198 
	0.198 

	0.813 
	0.813 

	0.564 
	0.564 

	0.802 [0.793, 0.810] 
	0.802 [0.793, 0.810] 


	Regularization 
	Regularization 
	Regularization 

	0.754 
	0.754 

	0.141 
	0.141 

	0.157 
	0.157 

	0.860 
	0.860 

	0.470 
	0.470 

	0.843 [0.835, 0.851] 
	0.843 [0.835, 0.851] 


	KNN 
	KNN 
	KNN 

	0.722 
	0.722 

	0.185 
	0.185 

	0.201 
	0.201 

	0.813 
	0.813 

	0.500 
	0.500 

	0.799 [0.790, 0.808] 
	0.799 [0.790, 0.808] 


	SVM 
	SVM 
	SVM 

	0.741 
	0.741 

	0.126 
	0.126 

	0.142 
	0.142 

	0.876 
	0.876 

	0.473 
	0.473 

	0.858 [0.851, 0.866] 
	0.858 [0.851, 0.866] 


	Random Forests 
	Random Forests 
	Random Forests 

	0.769 
	0.769 

	0.162 
	0.162 

	0.184 
	0.184 

	0.829 
	0.829 

	0.538 
	0.538 

	0.816 [0.807, 0.824] 
	0.816 [0.807, 0.824] 


	Neural Network 
	Neural Network 
	Neural Network 

	0.724 
	0.724 

	0.210 
	0.210 

	0.229 
	0.229 

	0.782 
	0.782 

	0.533 
	0.533 

	0.771 [0.762, 0.781] 
	0.771 [0.762, 0.781] 




	 
	Notes. AUC-ROC is the Area under the Curve for the probability curve ROC (Receiver Operating Characteristics). The higher the AUC, the better the model predictions. Train and test errors represent overall incorrect predictions for the train and test samples, respectively.  Sensitivity is the ratio of correct predictions of no IMBs in tracts (True Negatives) to incorrect predictions of IMBs in tracts (False Positives). Specificity is the ratio of correct predictions of IMBs in tracts (True Positives) to inco
	Table 9 Confusion Matrix for Prediction Validity 
	 
	 
	 
	 
	 
	 

	Observed 0s  
	Observed 0s  
	(No New IMBs) 

	Observed 1s  
	Observed 1s  
	(New IMBs) 



	Predicted 0s  
	Predicted 0s  
	Predicted 0s  
	Predicted 0s  
	(No New IMBs) 

	6,186 
	6,186 
	True Negatives 

	154 
	154 
	False Negatives 


	Predicted 1s 
	Predicted 1s 
	Predicted 1s 
	(New IMBs) 

	1,427 
	1,427 
	False Positives 

	199 
	199 
	True Positives 




	 
	Table 10 Operationalization of Predictors 
	Variables 
	Variables 
	Variables 
	Variables 
	Variables 

	Operationalization 
	Operationalization 



	IMBs 
	IMBs 
	IMBs 
	IMBs 

	 
	 


	Prior IMBs 
	Prior IMBs 
	Prior IMBs 

	Tract had at least one IMB in 2015 (1 = ‘Yes’). 
	Tract had at least one IMB in 2015 (1 = ‘Yes’). 


	Police Enforcement Action 
	Police Enforcement Action 
	Police Enforcement Action 

	 
	 


	Spatial Proximity 
	Spatial Proximity 
	Spatial Proximity 
	 
	 

	Shortest distance in miles between a tract’s centroid to another tract where the police intervention took place.  
	Shortest distance in miles between a tract’s centroid to another tract where the police intervention took place.  


	Social Proximity 
	Social Proximity 
	Social Proximity 
	 
	 

	Tract i was connected to tract j through clientele frequenting IMBs in both tracts in or prior to 2016 (1 = ‘Yes’).  
	Tract i was connected to tract j through clientele frequenting IMBs in both tracts in or prior to 2016 (1 = ‘Yes’).  


	Exposure  
	Exposure  
	Exposure  
	 
	 

	Tract i was in a city where police enforcement actions took place (1 = ‘Yes’). 
	Tract i was in a city where police enforcement actions took place (1 = ‘Yes’). 


	Networks 
	Networks 
	Networks 

	 
	 


	Distance to High-Degree Tract 
	Distance to High-Degree Tract 
	Distance to High-Degree Tract 
	 
	 
	 
	 
	 

	Shortest distance in miles to a tract with high degree centrality. Degree centrality represents the number of connections between any two census tracts as observed through clientele frequenting IMBs in both census tracts. High-degree tracts were those with a degree centrality that was higher than the average.  
	Shortest distance in miles to a tract with high degree centrality. Degree centrality represents the number of connections between any two census tracts as observed through clientele frequenting IMBs in both census tracts. High-degree tracts were those with a degree centrality that was higher than the average.  


	Distance to High-Betweenness Tract 
	Distance to High-Betweenness Tract 
	Distance to High-Betweenness Tract 
	 
	 
	 
	 

	Shortest distance in miles to a tract with high betweenness. Betweenness represents the extent to which a tract connects other tracts from and to where clientele travel to frequent IMBs. High-betweenness tracts were those with a betweenness score that was higher than the average.  
	Shortest distance in miles to a tract with high betweenness. Betweenness represents the extent to which a tract connects other tracts from and to where clientele travel to frequent IMBs. High-betweenness tracts were those with a betweenness score that was higher than the average.  


	Distance to Popular Tract  
	Distance to Popular Tract  
	Distance to Popular Tract  
	 
	 

	Shortest distance in miles to a tract that had more than the average number of reviews.  
	Shortest distance in miles to a tract that had more than the average number of reviews.  


	Population Size 
	Population Size 
	Population Size 

	 
	 


	Population (Log) 
	Population (Log) 
	Population (Log) 

	Log of the total tract population. 
	Log of the total tract population. 


	Population City (Log) 
	Population City (Log) 
	Population City (Log) 

	Log of the total city population.  
	Log of the total city population.  


	Social Disorganization 
	Social Disorganization 
	Social Disorganization 

	 
	 


	Disadvantage (Index) 
	Disadvantage (Index) 
	Disadvantage (Index) 
	 
	 
	 
	 

	Standardized score of the averaged sum of the following standardized items: % families with an income below the poverty level; % female-headed households with children; % of the tract population age 25 and older that was unemployed. 
	Standardized score of the averaged sum of the following standardized items: % families with an income below the poverty level; % female-headed households with children; % of the tract population age 25 and older that was unemployed. 




	Population heterogeneity (Index) 
	Population heterogeneity (Index) 
	Population heterogeneity (Index) 
	Population heterogeneity (Index) 
	Population heterogeneity (Index) 
	 

	Blau’s (1977) index: 1 - ∑𝜋2, where 𝜋 refers to the proportion of each racial or ethnic group. 
	Blau’s (1977) index: 1 - ∑𝜋2, where 𝜋 refers to the proportion of each racial or ethnic group. 


	Residential Instability (Index) 
	Residential Instability (Index) 
	Residential Instability (Index) 
	 
	 

	Standardized score of the averaged sum of the following standardized items: % renters % of the population that changed houses in the past year.    
	Standardized score of the averaged sum of the following standardized items: % renters % of the population that changed houses in the past year.    


	Income Inequality 
	Income Inequality 
	Income Inequality 
	 
	 
	 

	Standard deviation of log-transformed average household incomes in the past twelve months (see, for further details about a measure of income inequality, Hipp & Kubrin, 2017).  
	Standard deviation of log-transformed average household incomes in the past twelve months (see, for further details about a measure of income inequality, Hipp & Kubrin, 2017).  


	Crime Opportunities 
	Crime Opportunities 
	Crime Opportunities 

	 
	 


	% Male 
	% Male 
	% Male 

	Percentage male of total population.  
	Percentage male of total population.  


	Land Use: Retail Center  
	Land Use: Retail Center  
	Land Use: Retail Center  
	 

	Percent retail land use was higher than the average of the city (1 = ‘Yes’). 
	Percent retail land use was higher than the average of the city (1 = ‘Yes’). 


	Land Use: Commercial Center 
	Land Use: Commercial Center 
	Land Use: Commercial Center 
	 

	Percent commercial land use was higher than the average of the city (1 = ‘Yes’). 
	Percent commercial land use was higher than the average of the city (1 = ‘Yes’). 


	Land Use: Residential Center 
	Land Use: Residential Center 
	Land Use: Residential Center 
	  

	Percent residential land use was higher than the average of the city (1 = ‘Yes’). 
	Percent residential land use was higher than the average of the city (1 = ‘Yes’). 


	Land Use: Industrial Center 
	Land Use: Industrial Center 
	Land Use: Industrial Center 
	 
	 

	Percent industrial land use was higher than the average of the city (1 = ‘Yes’). 
	Percent industrial land use was higher than the average of the city (1 = ‘Yes’). 


	Primary Road Intersect 
	Primary Road Intersect 
	Primary Road Intersect 

	A primary road (e.g. freeway) runs through a tract (1 = ‘Yes’). 
	A primary road (e.g. freeway) runs through a tract (1 = ‘Yes’). 


	Police Within a Mile Distance  
	Police Within a Mile Distance  
	Police Within a Mile Distance  

	The closest police station was within a mile (1 = ‘Yes’). 
	The closest police station was within a mile (1 = ‘Yes’). 
	 


	State  
	State  
	State  

	 
	 


	MA 
	MA 
	MA 

	Tract was in Massachusetts. 
	Tract was in Massachusetts. 


	TX 
	TX 
	TX 

	Tract was in Texas. 
	Tract was in Texas. 


	WA 
	WA 
	WA 

	Tract was in Washington. 
	Tract was in Washington. 




	 
	 
	Table 11 Total and Group Means  
	Variables 
	Variables 
	Variables 
	Variables 
	Variables 

	Total means 
	Total means 

	No new IMB 
	No new IMB 

	New IMB 
	New IMB 



	IMBs 
	IMBs 
	IMBs 
	IMBs 

	𝑥̅ 
	𝑥̅ 

	𝑠𝑑 
	𝑠𝑑 

	𝑥̅ 
	𝑥̅ 

	𝑠𝑑 
	𝑠𝑑 

	𝑥̅ 
	𝑥̅ 

	𝑠𝑑 
	𝑠𝑑 


	Prior IMBs in 2016 
	Prior IMBs in 2016 
	Prior IMBs in 2016 

	0.095 
	0.095 

	0.293 
	0.293 

	0.087 
	0.087 

	0.281 
	0.281 

	0.425 
	0.425 

	0.496 
	0.496 


	Police Enforcement Action 
	Police Enforcement Action 
	Police Enforcement Action 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Spatial Proximity 
	Spatial Proximity 
	Spatial Proximity 
	 

	33.29 
	33.29 

	49.756 
	49.756 

	33.871 
	33.871 

	50.079 
	50.079 

	10.724 
	10.724 

	26.56 
	26.56 


	Social Proximity 
	Social Proximity 
	Social Proximity 

	0.111 
	0.111 

	0.314 
	0.314 

	0.095 
	0.095 

	0.293 
	0.293 

	0.725 
	0.725 

	0.448 
	0.448 


	Exposure 
	Exposure 
	Exposure 

	3.125 
	3.125 

	7.268 
	7.268 

	3.036 
	3.036 

	7.163 
	7.163 

	6.580 
	6.580 

	10.001 
	10.001 


	Spatial Networks 
	Spatial Networks 
	Spatial Networks 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Distance to High-Degree Tract 
	Distance to High-Degree Tract 
	Distance to High-Degree Tract 

	28.131 
	28.131 

	51.633 
	51.633 

	28.654 
	28.654 

	51.937 
	51.937 

	7.806 
	7.806 

	32.034 
	32.034 


	Distance to High-Betweenness Tract 
	Distance to High-Betweenness Tract 
	Distance to High-Betweenness Tract 

	28.187 
	28.187 

	47.636 
	47.636 

	28.727 
	28.727 

	47.974 
	47.974 

	7.231 
	7.231 

	23.806 
	23.806 


	Distance to Popular Tract  
	Distance to Popular Tract  
	Distance to Popular Tract  

	20.608 
	20.608 

	31.716 
	31.716 

	21.015 
	21.015 

	31.915 
	31.915 

	4.809 
	4.809 

	16.114 
	16.114 


	Population Characteristics 
	Population Characteristics 
	Population Characteristics 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Population (Log) 
	Population (Log) 
	Population (Log) 

	8.417 
	8.417 

	0.524 
	0.524 

	8.413 
	8.413 

	0.525 
	0.525 

	8.581 
	8.581 

	0.468 
	0.468 


	Population City (Log) 
	Population City (Log) 
	Population City (Log) 

	11.091 
	11.091 

	2.348 
	2.348 

	11.061 
	11.061 

	2.352 
	2.352 

	12.259 
	12.259 

	1.841 
	1.841 


	Social Disorganization 
	Social Disorganization 
	Social Disorganization 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Disadvantage (Index) 
	Disadvantage (Index) 
	Disadvantage (Index) 

	0 
	0 

	1 
	1 

	0.004 
	0.004 

	1.005 
	1.005 

	-0.147 
	-0.147 

	0.776 
	0.776 


	Population Heterogeneity (Index) 
	Population Heterogeneity (Index) 
	Population Heterogeneity (Index) 

	0.432 
	0.432 

	0.187 
	0.187 

	0.430 
	0.430 

	0.187 
	0.187 

	0.524 
	0.524 

	0.164 
	0.164 


	Residential Instability (Index) 
	Residential Instability (Index) 
	Residential Instability (Index) 

	0 
	0 

	1 
	1 

	-0.012 
	-0.012 

	0.996 
	0.996 

	0.458 
	0.458 

	1.053 
	1.053 


	Income Inequality 
	Income Inequality 
	Income Inequality 

	1.038 
	1.038 

	0.235 
	0.235 

	1.038 
	1.038 

	0.236 
	0.236 

	1.051 
	1.051 

	0.207 
	0.207 


	Crime Opportunities 
	Crime Opportunities 
	Crime Opportunities 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	% Male 
	% Male 
	% Male 

	0.495 
	0.495 

	0.043 
	0.043 

	0.495 
	0.495 

	0.043 
	0.043 

	0.495 
	0.495 

	0.040 
	0.040 


	Land Use: Commercial Center 
	Land Use: Commercial Center 
	Land Use: Commercial Center 

	0.106 
	0.106 

	0.308 
	0.308 

	0.103 
	0.103 

	0.304 
	0.304 

	0.220 
	0.220 

	0.415 
	0.415 


	Land use: Retail Center 
	Land use: Retail Center 
	Land use: Retail Center 

	0.152 
	0.152 

	0.359 
	0.359 

	0.148 
	0.148 

	0.355 
	0.355 

	0.280 
	0.280 

	0.450 
	0.450 


	Land Use: Residential Center 
	Land Use: Residential Center 
	Land Use: Residential Center 

	0.233 
	0.233 

	0.423 
	0.423 

	0.229 
	0.229 

	0.420 
	0.420 

	0.370 
	0.370 

	0.484 
	0.484 


	Land Use: Industrial Center 
	Land Use: Industrial Center 
	Land Use: Industrial Center 

	0.097 
	0.097 

	0.297 
	0.297 

	0.096 
	0.096 

	0.295 
	0.295 

	0.135 
	0.135 

	0.343 
	0.343 


	Primary Road Intersect 
	Primary Road Intersect 
	Primary Road Intersect 

	0.257 
	0.257 

	0.437 
	0.437 

	0.254 
	0.254 

	0.435 
	0.435 

	0.395 
	0.395 

	0.490 
	0.490 


	Police Within Mile 
	Police Within Mile 
	Police Within Mile 

	0.255 
	0.255 

	0.436 
	0.436 

	0.253 
	0.253 

	0.435 
	0.435 

	0.320 
	0.320 

	0.468 
	0.468 




	Chapter 6  Discussion 
	 This dissertation examined the interconnectivity between crime and place in the context of online-promoted forms of crime and deviancy. Online-promoted crimes were defined as crime types that occur in a physical environment but are facilitated through online platforms that offer a new medium to signal and communicate about illicit opportunities. These online interactions may have implications for the offline distribution of crimes within cities when they reduce a dependency on the environmental factors to 
	 To address this empirical void, online-promoted IMBs offered an illuminating case to revisit the extent to which the presence of crime and deviancy can be explained by environmental conditions as proposed by theories such as social disorganization theory and crime opportunity theories. Crime and deviancy in IMBs are promoted by online platforms such as review boards or online classifieds advertising for commercial sex, yet these problems are different from cybercrimes given that the illicit acts still requ
	and victimization in IMBs extends to other problems such as robberies or organized crime (Dank et al., 2014; Polaris, 2018). 
	 Using online, geospatial, and population data and robust quantitative methods, this study provided three broad findings, which will be discussed in more detail in the next sections. First, the findings showed that the locations of IMBs in neighborhoods and cities can, for a great part, be explained by criminological theories that assume an intricate relationship between crime and place. While corroborating the relevance of theories such as social disorganization and crime opportunity theories, the findings
	 Prior to discussing these findings in more detail, it is important to reflect upon this study’s purposes. The dissertation as a whole sought to provide new insights into the spatial and social patterning of a pressing problem that has persisted across decades (Armstrong, 1978; 
	Bartley, 1994; Blevins & Holt, 2009; Bouché & Crotty, 2017; Bryant & Palmer, 1975; Chin et al., 2019), yet to which the response has lacked data and robust research. Furthermore, this work sought to advance a criminology of place in the age of the internet by examining the applicability of traditional notions from ecological and situational theory to the context of online-promoted illicit premises. The term “place” was used broadly to refer to any geographic unit, including neighborhoods, that may exhibit c
	 
	6.1 Summary of Key Results 
	6.1.1 The Location of IMBs Driven by Social Disorganization and Crime Opportunities 
	 Guided by social disorganization and crime opportunity theories, a first paper applied hierarchical logistic regression models to examine the likelihood of IMBs in 2017 across 4,318 census tracts within 104 medium-sized and large cities (with a population size of 50,000 or more). Overall, the findings support the applicability of several aspects of both theories, but neither theory is a fully accurate or sufficient explanation on its own. For example, income 
	inequality, residential turnover and population heterogeneity were strong geographic correlates of the presence of IMBs. However, concentrated disadvantage was not and IMBs were, in fact, more likely to be located in advantaged areas. Similarly, IMBs were nested in populous, retail centers, and areas that were easily accessible through a highway. While these are likely areas where the behaviors of clientele and suitable targets are more likely to converge, they attracted IMBs in spite of potential proximity
	While data limitations impede a direct comparison of a pre- and post-internet phase, it seems likely that online domains facilitate the location choices for IMBs. The nesting of IMBs in accessible, populous, and legitimate surroundings aside allied, retail businesses, may increase a potential pool of clientele who frequent these areas in their routine travels (see, in the context of illicit retail places more broadly, Eck, 1995b). However, this socio-economic embeddedness can also make it difficult to disti
	Whereas these explanations put emphasis on the importance of crime opportunity perspectives and contradict the theoretical relevance of concentrated disadvantage, the findings also indicate that complex social mechanisms involving urban change, social stratification, and inequality contribute to the problem of IMBs. This supports a partial relevance of social 
	disorganization theory, at the very least to contextualize and strengthen explanations of the geography of online-promoted IMBs. While it is important to note that crime opportunity theories may have more profound effects when it is measured at more discrete locations (see Weisburd, 2015; Weisburd et al., 2012, 2014), the importance of both social disorganization and crime opportunity theories aligns with relatively recent studies suggesting that a theoretical integration can strengthen explanations of loca
	The role of informal social control in the geography of IMBs is complex and requires further research. On the one hand, IMBs were located in areas thriven by residential turnover and population heterogeneity, which have historically been associated with low levels of informal social control (Shaw & McKay, 1942, 1969). On the other hand, IMBs were located in more advantaged areas where collective efficacy (Sampson, 2006; Sampson et al., 1997), and a potential willingness of neighbors to intervene, can be hig
	deviant norms may develop online, out of sight of concerned community members, and clientele may seek to further hide their illicit behaviors by frequenting IMBs in areas where their presence is less suspicious.  
	Although these findings demonstrate that the location of online-promoted IMBs is nonrandom and intricately linked to place, the analyses do not provide ample evidence for a spatial concentration at the neighborhood-level. Modest spatial autocorrelation was found in only a few cities. This finding contradicts prior work on IMBs that found significant spatial concentration in a few large cities in California and Texas (Chin et al., 2019; Crotty & Bouché, 2018) as well as extensive research showing that a vari
	 
	6.1.2 Web-Facilitated Inter-Neighborhood Networks of Clientele Facilitated by Network Mechanisms and Crime Opportunities   
	 The second paper provides further depth to the potential role of clientele networks of IMBs in connecting distant neighborhoods in patterns of crime and deviancy. Clientele often frequented IMBs in multiple neighborhoods, and in doing so they connected different 
	neighborhoods in larger spatial networks of crime and deviancy. These spatial networks were analyzed through exponential random graph models (ERGMs), which helped explain why clientele go from one to another neighborhood to frequent IMBs. A similar spatial network approach has been taken in a prior studies that have examined the extent to which crime histories, gang co-offending or juvenile delinquency connect neighborhoods in patterns of crime (Bichler et al., 2014; Papachristos & Bastomski, 2018; Sampson,
	 The present study provides further clarity on the extent to which an online environment replaces, supplements, or reinforces offline crime opportunities. First, the findings show that clientele often traversed neighborhood boundaries to frequent IMBs and in doing so, they spanned a total of 6,601 ties between 197 neighborhoods (34.2% of the total amount of possible connections). Nearly half of these connections represented multiple visits of clientele spanning ties between the same set of neighborhoods. Th
	In particular, the findings in Chapter 4 show that clientele location choices were not disconnected from place features. Instead, the analyses provide evidence for online cues supplementing and reinforcing offline crime opportunities. Specifically, the neighborhoods that 
	attracted clientele were more advantaged, had an overall higher percentage of male residents, population heterogeneity (or a greater racial and ethnic minority), and a police station at a minimum distance of a mile. These are situational features that can facilitate a convergence of motivated offenders and suitable targets in areas familiar to buyers who seek to attract minimal suspicion of authorities. Although these findings corroborate crime opportunity perspectives, specifically Eck’s application of rou
	 Lastly, the findings suggest that online domains supplement offline, environmental cues by providing the motivational cues and exposure to illicit opportunities that may instigate offline illicit behaviors and determine the geography of these behaviors. Consider, for example, that prior qualitative work has also documented the role of online domains in creating a virtual community that shares deviant, sexual interests and provides others the motivations and justifications to engage in commercial sex (Blevi
	 Furthermore, the analyses show that network mechanisms such as preferential attachment and triad formation (Carrington, 2014; Wasserman & Faust, 1994) were prevalent and influenced clientele location choices. This means that clientele were most likely to travel between any two neighborhoods that were already popular among clientele or to areas that served as a common source of popularity toward at least two other neighborhoods. This is an evident consequence of the online domain, given that following each 
	  
	6.1.3 Limitations of Traditional Law Enforcement Actions 
	 Chapter 5 involved an evaluation of the role of police enforcement actions in preventing new IMBs. In response to the presence of IMBs, local police use traditional vice tactics such as rapid patrol-based responses to citizen complaints or reactive investigations triggered by tips from concerned community members. This aligns with the general response against human trafficking, which is often delegated to vice units who commonly deploy traditional tools such as sting operations or undercover work to identi
	 First, using media reports of police enforcement actions against IMBs between 2013 and 2017, a quasi-experimental research design was implemented to obtain a causal estimate of potential deterrence effects. The findings show seemingly illogical effects: Tracts directly 
	exposed to or in near vicinity of a police enforcement action were more likely to have new IMBs after the action, relative to a comparable control group. However, the adverse impact of law enforcement actions is not surprising when considering the literature on iatrogenic effects of policing strategies, which refers to potential methodological, theory, or implementation failures (Braga, 2016; Ekblom & Pease, 1995). With this literature in mind, there may be a disconnect between police enforcement actions ag
	 It is likely that the online-promoted and networked nature of IMBs poses a significant challenge to the efficacy of police actions, especially because online classifieds and review boards provide IMBs a locational flexibility and potential adaptiveness to interventions (Holt et al., 2014). This adaptiveness is aided by the dynamic market structure of IMBs of which the interconnectivity between IMBs within and across states allows for a relatively easy replacement of managers, employees, and clientele deman
	Second, the role of police enforcement actions was further evaluated in predictive analytic techniques that unpacked the efficacy of police actions in a broader context of crime-
	favoring neighborhood features. These findings suggest that even neighborhoods well beyond the targeted areas could attract new IMBs after police enforcement actions, in neighborhoods that had a social connection to the intervention area. This social connection existed through clientele who previously had frequented IMBs in both the intervention area and the neighborhood where new IMBs emerged. Additionally, new IMBs emerged in spatial proximity to areas where a pre-existing clientele demand was already pro
	In light of potential crime-prevention efforts (further discussed in section 6.3.4), the machine-learning models show a substantially predictable nature of new locations that was intricately linked to structural network and choice-structuring neighborhood features. At least half of the new locations in 2017 could be predicted using 2016 information about police enforcement actions, online-facilitated popularity of neighborhoods, and socio-economic features such as reduced levels of concentrated disadvantage
	 
	6.2 Limitations 
	 Prior to discussing the implications of these studies together, it is important to reiterate a broad set of limitations that may temper the conclusions of this dissertation. First and foremost, online review data are not intentionally designed for research purposes. As such, these data are an imperfect representation of IMBs and their clientele communities. Digital trace data are generally limited by the level of depth of observation given that human clarification to key 
	concepts and social mechanisms captured by the data is often impossible or unethical, leaving some uncertainty about the reliability and construct validity of the data (Burrows & Savage, 2014; Lazer, Kennedy, King, & Vespignani, 2014; Lazer & Radford, 2017). These limitations make it critical to triangulate theory, data, and methods such that conclusions can be interpreted against the background of a comprehensive theoretical and analytic approach. While this study sought to spark future research on crime, 
	 The use of geospatial and population data also does not come without limitations, especially because also these types of administrative datasets are not typically designed for researchers. Hence, the use of these data impede direct tests of theoretical concepts that often require a slightly different operationalization of variables than provided by the data (Salganik, 2019). Therefore, this study constructed proxy variables to assess the broad applicability of theoretical concepts in explaining the spatial
	 Some may also perceive the recent implementation of the Fight Online Sex Trafficking Act and Stop Enabling Sex Traffickers Act (FOSTA-SESTA) as a potential limitation. This law makes it possible to charge individuals and corporations behind websites for sharing sexually-explicit content and facilitating sex trafficking. FOSTA-SESTA was implemented in April 2018 as an amendment to Section 230 of the Communications Decency Act (CDA) of 1996 that would 
	otherwise provide tech companies immunity from being held liable for the publishing of third-party content (H.R. 1865, Allow States and Victims to Fight Online Sex Trafficking Act of 2017). The law enabled the FBI to seize Backpage.com, a website with online classifieds for commercial sex. Shortly after the implementation of FOSTA-SESTA, review forums, fringe dating websites, or other sites where commercial sex or sex trafficking could feasibly happen were taken down, moved to hosts outside of the U.S., or 
	 
	6.3 Implications 
	Limitations notwithstanding, the findings from the three papers advance theory on crime, place, and networks, propose methodological innovations and inform policy and practice that involve stakeholders from within and outside the criminal justice system.  
	 
	6.3.1 Implications for Research on Commercial Sex and Sex Trafficking  
	 At a general level, the papers apply an analytical framework that engages both criminal and noncriminal contexts in explanations of the spatial, geographic and social patterning of 
	online-promoted illicit premises and behaviors. In doing so, the study first and foremost sought to advance prior work that has begun to illuminate illicit activities in IMBs such as commercial sex and sex trafficking (Armstrong, 1978; Bartley, 1994; Blevins & Holt, 2009; Bouché & Crotty, 2017; Bryant & Palmer, 1975; Chin et al., 2019). While studies have assessed the risk of offending and victimization in the context of commercial sex and human trafficking, this study’s emphasis on the socio-economic and o
	 
	6.3.2 Implications for Theory on Crime, Place, and Networks in the Age of the Internet  
	 Jointly, the three empirical papers speak to the intersections of crime, place, and networks in the context of online-promoted forms of crime and deviancy. Overall, the findings from this dissertation support the extension of social disorganization and crime opportunity theoretical perspectives to the context of online-promoted crime types. However, the empirical complexity of an online-promoted market involving IMBs calls for a multifaceted theoretical approach that integrates crime opportunity, social di
	significant challenges to law enforcement responses, but may also illuminate potential points of interdiction. With that in mind, Chapter 5 highlights the importance to respond to choice-structuring neighborhood features, online-promoted networks, and market-specific dynamics to increase the effectiveness of policing models against IMBs.  
	While confirming the spatially-bounded nature of crime and deviancy, each of the studies also produced findings that should alert a criminology of place to a potentially changing geography of crime. With crime and deviancy groups increasingly using online domains  (Blevins & Holt, 2009; Pyrooz et al., 2015), there is at least the option for information and interactions to span across greater spatial distance (Wall, 2007). Prior studies have suggested that this may not drastically or immediately change the g
	In addition to the need to further explore the offline-online link in a criminology of place, the three papers identify several other issues that can spark future research. For example, future research should assess spatial concentration and the role of physical cues on a more granular 
	level. While census tracts are frequently the unit of analysis in ecological theories of crime (e.g. Morenoff et al., 2001; Peterson & Krivo, 2009; Schaefer, 2012), local processes may work differently dependent on the levels of aggregation (Hipp, 2007, p. 674). The growing availability of digitized and administrative data increasingly allows for the operationalization of theoretical constructs at smaller units of analysis such as blocks or street segments. Further granularity can also be achieved by breaki
	 Several issues regarding the presence or absence of deterrence effects deserve future research. In particular, the adverse effects of police enforcement actions underscore the need for further research on how police can effectively disrupt and prevent crime and victimization in IMBs. For example, future research may also examine what would happen if police would target those neighborhoods that are the most popular among clientele or provide the most favorable conditions for IMBs. Future work may also asses
	 Although this study provides support for the link between crime and choice-structuring neighborhood conditions, a major question of public interest is left unanswered: Do IMBs increase crime in their local neighborhoods? While the present analyses showed a negative association between violent crimes and the presence of IMBs, a few prior studies have suggested that IMBs or sexually-oriented businesses such as adult shops can increase crime and physical disorder in their immediate neighborhoods (see, for exa
	 Lastly, research on the role of online domains in promoting commercial sex and sex trafficking is yet to be further developed. While this was beyond the scope of the present study, prior qualitative studies on online-promoted sex-related crimes have highlighted how a normalization or justification of sexual violence, commercial sex and sex trafficking can be reinforced in online settings such as review boards (Blevins & Holt, 2009; Holt, 2007; Holt & Blevins, 2007; Mills, 1998). With that in mind, future r
	 
	6.3.3 Implications for a Computational Criminology  
	 With the use of new forms of data and interdisciplinary methods, this study contributes to a criminology that increasingly relies on so-called ‘big data’ for deductive testing of theoretical concepts and inductive development of new theories and integrated theoretical frameworks. 
	While there is a myriad of definitions of big data (Lazer & Radford, 2017), and a common connotation of the term is the use of large datasets, sample size is no longer an essential feature in the current usage of the term (Boyd & Crawford, 2012; Kitchin & McArdle, 2016). The volume of data can but is not necessarily a by-product of data that is digitized, created in real-time, or frequently or actively generated for non-research purposes. Such data can be detailed and exhaustive of some system but also mess
	 While data sources such as social media, financial track records of businesses, or digitized administrative records can generate new insights into crime problems, the complexity of these new data sources is often overlooked in applied studies that pay little attention to construct validity or the social mechanisms that explain the social outcomes captured by these data. Hence, studies have called for the need of a triangulation of methods and a theory-driven approach to contextualize and explain empirical 
	 
	6.3.4 Implications for Policy and Practice    
	 While calling for future research, this study holds strong utility for public policy and practice. Broadly, the applicability of ecological and situational approaches to the context of online-promoted IMBs points to the relevance of problem-oriented strategies that alter the physical, social, and online environment in a way that limits opportunities for crime and victimization (Braga, 2008; Goldstein et al., 1990). In the present context, the applicability of 
	socio-ecological and situational approaches establishes a foundation for geographically-focused policy efforts. 
	 Two concrete sets of practical implications follow from the findings. First, this study proposes crime-prevention and crime-control strategies that make an appeal on the criminal justice system, specifically problem-oriented policing strategies that target specific contextual causes of crime events (see e.g. Braga, 2008; Clarke & Eck, 2005; Weisburd et al., 2006). This requires a combination of crime control and crime prevention strategies that are evidence-informed, geographically-focused and involve less
	 Second, the findings can also inform crime prevention and crime control strategies by stakeholders outside of the criminal justice system. Considering the limited or even adverse effects of policing efforts, policies may need to be resourced to alternate strategies that help identify and effectively put a barrier to revenues from illicit and potentially victimizing behaviors. Knowledge about the environmental factors that are conducive to IMBs in areas where effective forms of guardianship is low can direc
	directed at these areas in particular. Public-private partnerships, involving a collaboration between police and legitimate retail businesses, would have the potential to illuminate crime and victimization problems in IMBs at larger scale (see, in the context of labor trafficking, De Vries, 2018). Specifically, when there is awareness of potential crime and victimizations associated with IMBs, legitimate businesses and their customer base can report their suspicions to police, which relates their importance
	  When approaching IMBs as a complex system problem, it follows that comprehensive efforts are needed that target IMBs, clientele and their social communities, and identify and protect potential victims. For example, in addition to a role of retail businesses, municipalities may consider updating zoning ordinances to reduce or regulate the presence of IMBs in neighborhoods that would otherwise provide the most favorable conditions for an illicit market of IMBs. Following the network analyses, policy efforts
	 Furthermore, the results of this study emphasize the need of policy efforts that address the socio-economic vulnerability, marginalization, and inequality associated with IMBs. Such efforts require partnerships between police, victim service agencies and community organizations that regularly visit IMBs to gain trust, help identify and prevent potential victimizations, and provide contacts, services or alternative means of employment. These regular visits would also provide a contact point for those who ne
	 
	6.4 Conclusion  
	 In conclusion, the present analyses deepen our understanding of crime, place, and networks in the age of the internet by bridging ideas from multiple criminological theories and applying novel data and robust methods. In doing so, this study provides a model for future research that assesses the offline geography of online-promoted crimes. The central premise is that online-promoted illicit markets are not disconnected from a physical space but are interdependent with the neighborhoods in which they operat
	 Furthermore, the findings situate the study of online-promoted crimes as an important scientific endeavor within a criminology of place that is concerned with the extent to which spatial proximity or physical cues may no longer be key to signal and facilitate illicit 
	opportunities. As more and more communications move to an online domain and criminal and deviant groups increasingly maintain an online presence (Blevins & Holt, 2009; Pyrooz et al., 2015; Quinn & Forsyth, 2005; Thornberry et al., 2003; Wall, 2007), online-promoted crimes are becoming central to a criminology of place. The findings in the present study indicate that criminological theories such as social disorganization and crime opportunity theories merit continued relevance for online-promoted crimes. How
	 Using innovative data and methods, this study also proposes methodological innovations for future work on crime, place, and networks in the age of the internet. With the advent of new data and methods, emerging or changing crime problems can be explored and traditional theories can be re-assessed, which will have important implications for theory development and theory testing. In the present context, a combined theory- and data-driven approach allowed for a nuanced, yet comprehensive understanding of a co
	 Practically, the multifaceted theoretical approach and use of interdisciplinary methods call for comprehensive crime prevention and crime control strategies that limit physical, social, and online opportunities for crime and victimizations. A specific set of recommendations was proposed to help prevent, identify, and address crime victimizations, including those associated with human trafficking. These strategies require an interdisciplinary team, which should involve 
	the criminal justice system, the private sector, community organizations, and victim service agencies, in order to effectively disrupt the market and networks that drive crime and victimizations in IMBs while securing victim outreach and services.  
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