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ABSTRACT OF THE THESIS
An Application of Risk Terrain Modeling to Identifying High Risk Locations for Active
Shooter Events
A Critical Examination
By
John W. Hecht
Master of Science in Applied Intelligence
Mercyhurst University, 2016
Professor Dawn M. Wozneak, Chair

This thesis is intended to apply risk terrain modeling (RTM) for the purpose of
identifying at risk locations for active shooter events (ASEs). The need for alternative
geospatial methodologies in addressing ASEs is evident in the increasing frequency and
seemingly randomness of these events. To apply RTM, this thesis first develops a
location profile for ASEs that can be operationalized. The developed model incorporated
the following risk factors: non-residential location density, location type, and distance
from police stations. The study then tested the accuracy of the model against two cases:
Century Theaters in Aurora, Colorado and Sandy Hook Elementary School in Newtown,
Connecticut. The resulting RTMs identified both case locations as at risk.
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INTRODUCTION
Introduction to the Problem
The number of Active Shooter Events (ASEs) that occur annually in the United
States increased between 2007 and 2013. Between 2000 and 2006, an average of 6.4
ASEs occurred annually. Between 2007 and 2013, the average increased nearly 160
percent to 16.4 ASEs per year resulting in an average of 107 casualties annually (FBI,
2014). As the number of ASEs increases, so does the number of communities impacted.
The impact of ASEs extends past the incident itself. An ASE impacts all parties
involved: victims, witnesses, responders, and the community. Fran Norris found that
between 10 and 36 percent of victims and witnesses of ASEs experience some form of
PTSD following the shooting (2007). These persons are then subject to years, or
lifetimes, of psychological and medical treatment for which the taxpayers are responsible.
The cost of medical treatment along with costs of the investigation and legal costs have
become a burden that United States taxpayers have been forced to bear. Cook et al.
estimated that a gunshot fatality amounts to $6.6 million in associated costs and an
injured gunshot victim will accrue approximately $24,000 in medical expenses (1999).
Norris also found that the community as a whole experiences a lesser form of PTSD in
the aftermath of the incident. Communities become fractured due to the influx of media
operations, they often feel blamed for the violence that manifested in the community, and
the convergence of outsiders into their community breeds resentment and angst (2007).
In addition to an increasing frequency of ASEs, research has determined little
spatial correlation by which law enforcement can predict where in the United States an
ASE is most likely to occur (Towers et al., 2015). Researchers have developed a profile
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of an active shooter; however, this has little value in preparing a location for such an
event (Farrington, 2007; Fast, 2008; Rocque, 2012). The FBI and Department of
Homeland Security have made recent strides in promoting ASE preparedness in work
places and schools; however, the infrequency of this type of event lends difficulty in a
law enforcement agency’s ability to develop effective response protocol. The geospatial
analysis methodology, Risk Terrain Modeling (RTM), provides a possible solution in
developing a proactive approach to ASEs. RTM forecasts locations of future events by
using the underlying factors that contribute to that particular event. This thesis will
determine if RTM is an effective tool in identifying at risk locations for ASEs.
Background of the Problem
Mapping and geospatial analysis are pivotal functions to a law enforcement
agency. Typically, when discussing mapping techniques, law enforcement agencies are
referring to hot spot density mapping. Braga (2005) determined that hot spot mapping is
effective in identifying areas of crime; however, a hot spot is determined only by the
location of previous events (Agung, 1993). Because of this, hot spot mapping, and other
mapping methodologies, have little utility in forecasting rare and infrequent events such
as ASEs.
The frequency of ASEs is increasing. On a macro level, Towers et al. determined
that there was no significant relationship in the distance between ASEs; therefore, a law
enforcement agency cannot even determine if they are in a hot spot of ASEs on a national
scale (2015). An alternative methodology for identifying locations at risk is using Risk
Terrain Modeling (RTM). Developed by Joel Caplan, RTM assesses the opportunity that
a location has in being targeted by an offender. By using RTM, it is possible that a
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jurisdiction can identify which locations have the greatest opportunity, or risk, for an
ASE.
In order to develop a RTM, risk factors must first be determined. Despite a large
amount of research into active shooters and their psychology, little research exists
analyzing and addressing the locations of ASEs. Therefore, this thesis will first have to
identify risk factors of ASEs through research before conducting an RTM.
Statement of the Problem
The frequency of ASEs is increasing. Traditional geospatial analysis
methodologies are not equipped to forecast infrequent events; therefore, an alternative
methodology like RTM must be considered. Currently, there is no ASE location profile
for law enforcement to apply to their jurisdictions. Despite efforts in early identification
of active shooters by educating the public on warning signs, no comprehensive effort has
been put into identifying what areas are at the greatest amount of risk, or what contributes
to a location’s risk for ASEs. The potential risk factors for an ASE need to be extracted
from literature and then operationalized to determine their importance. By successfully
identifying the potential risk factors of an ASE, the developed RTM can be applied to all
jurisdictions, so that proper response measures can be implemented.
Purpose of the Study
This thesis seeks to determine if the geospatial analysis technique, risk terrain
modeling, could be used to identify high risk locations for active shooter events. The
study was conducted using two cases: Aurora, Colorado and Newtown, Connecticut. The
first objective of the study was to identify risk factors for an ASE and then operationalize
them for each case. Next, a composite risk value produced by summing each of the risk
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factors was produced. The researcher then compared the resulting RTM against the
locations of ASEs in Aurora (Century Theaters) and Newtown (Sandy Hook Elementary
School) to determine if the model accurately identified the locations as at risk. Finally,
the researcher examined if the locations of ASEs occurred in hot spots of high risk
locations. The goal of this thesis was to produce a model that can be applied by law
enforcement agencies to identify high risk locations for ASEs so that proper response
measures can be implemented.
Research Questions
This thesis had three research questions:
1. Does a risk terrain model including the following risk factors: nonresidential location density, location type, and distance from police
stations, when applied to Aurora, Colorado and Newtown, Connecticut,
identify Century Theaters and Sandy Hook Elementary as at risk
locations?
2. Do areas of high risk and low risk for ASEs cluster into hot spots and cold
spots?
3. Do Century Theaters and Sandy Hook Elementary fall in hot spot/cold
spots of risk for ASEs?
Definition of Terms
This section identifies terms readily used in this thesis and provides definitions for
the terms used.
Active Shooter Event (ASE). An event in which a shooting is in progress and
varying aspects of the crime may determine which protocol responding agencies decide
to use (FBI, 2014).
Active shooter. An individual actively engaged in killing or attempting to kill
people in a confine and populated area (FBI, 2014).
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Risk Terrain Modeling. A geospatial methodology developed by Joel Caplan
and colleagues at Rutgers University that predicts the likelihood of an event by the risk
factors associated with it (Caplan et al. (2010).
Hot spot. An area that has a greater than average number of criminal or disorder
events, or is an area that a person is at greater risk of victimization (Eck, 2005).
Nature of the Study
This research design of this thesis is akin to hypothesis-generating case study
approach (Levy 2008). It also utilizes geospatial analysis to compare the results of the
outcome risk terrain model to the actual ASE that have occurred. The author chose this
thesis to fill the gap in extant literature by producing a model for assessing a location’s
risk of an ASE.
Relevance and Significance of the Study
Research has shown that the frequency of ASEs is increasing in the United States
(FBI, 2014). Additionally, research has also shown that ASEs have a contagious effect.
Towers et al. found that mass killings involving firearms in the United States are
stimulated by similar events in the immediate past. ASEs in which more than three
people are killed significantly reduces the time the next ASE occurs; however, ASEs in
which fewer than three people were killed do not have this same effect (2015). By
reducing the number of casualties at an ASE, through better police response procedure
and preventative measures, the national phenomenon of ASEs could reduce in frequency.
Using RTM to identify at risk locations for ASEs, law enforcement personnel can
better establish emergency response procedures to reduce the number of casualties at an
ASE. This reduction in casualties will likely reduce the frequency of ASE in the United
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States resulting in a decrease in the number of casualties annually, thus reversing the
current trend of increase frequency and casualties.
Assumptions and Limitations
The primary assumption of this thesis is that the geographic risk factors of an
ASE are relative to each jurisdiction. The threshold for density and distance analysis will
differ with the size of a jurisdiction; however, performing analysis relative to each
jurisdiction will produce a more accurate model for each jurisdiction.
A limitation of this thesis is that the author only used two outcome variables to
assess the accuracy of the model. Because of this, the study is deemed exploratory. This
thesis was conducted to produce a foundation for an ASE location profile that can be
applied to any jurisdiction.
Another limitation of this thesis was that it was conducted on a two-dimensional
plane. It did not consider the third-dimension in terms of buildings with differing heights,
or topography. Although location density provides a substitute for this variable, no
analysis was done into assessing the risk of locations with differing heights.
Organization of the Study
This introduction is followed by a comprehensive literature review that discusses
relevant literature, the methodology by which this thesis was conducted, and will
conclude with the results and a discussion of its findings.
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LITERATURE REVIEW
Introduction to the Literature Review
This literature review examines three areas of research that influenced this thesis.
The researcher first discusses criminological theory, more specifically, Routine Activity
Theory, and how it applies in the context of an Active Shooter Event. In this portion, the
researcher will breakdown ASEs in terms of the offender, the victims, and the location.
The literature review will the focus on the location aspect of ASEs for the purpose of
developing a profile that can be operationalized. The literature review will then shift to
exploring current geospatial methodologies used in law enforcement.
Theoretical Framework
Extant literature states that crimes are events that occur within a social and
geographical context. It is in understanding the relationships between the characteristics
of the crime that one can better address it. In order for a crime to occur there must be
three factors present: an offender, a victim, and a location. Routine Activity Theory
provides a place-based explanation of crime. First introduced by Cohen and Felson
(1979), routine activity theory states that a crime is likely to occur when offenders meet
potential victims in the absence of capable guardians. The theory also suggests that the
absence of any of the three conditions may likely be enough to prevent a crime from
taking place. This literature review will first examine the three components of Active
Shooter Events as relating to Routine Activity Theory: offenders, victims, and locations.
This literature review will then discuss the current crime mapping methodologies identifying their strengths and limitations with respect to predicting crime.
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By examining ASEs in terms of the three factors, it will provide a better
understanding of the infrequent phenomenon. It is through this understanding that a
predictive model can be developed to better predict where ASEs will occur in the future.
Implementing adaptive mapping methodologies can increase a police force’s
preparedness by identifying the victims at the greatest risk of a crime so law enforcement
can take measures that will ensure proper guardianship. Due to the infrequency of ASEs
in anyone particular location, traditional methods of location identification cannot be
applied (i.e. hot spot density mapping). This literature review will examine ASEs and will
discuss the various methods of crime mapping and will introduce Risk Terrain Modeling
as a possible solution.
Review of the Research Literature
Active Shooter Events
The FBI (2014) uses the term “active shooter” to describe a situation in which a
shooting is in progress and varying aspects of the crime may determine which protocol
responding agencies decide to use. The active aspect of the term implies that both law
enforcement personnel and citizens have the potential to affect the outcome of the event
based upon their responses (Blair & Schweit, 2014). For this thesis, the definition agreed
upon by U.S. government agencies of an active shooter will be used: “an individual
actively engaged in killing or attempting to kill people in a confined and populated area”
(FBI, 2014, p. 5).
Active Shooter Event: Offender
Psychological theories represent the most prevalent research in creating a profile
of an active shooter. Psychological and behavioral analysis of actives shooters has
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identified similarities between offenders (Farrington, 2007; Fast, 2008). An FBI review
of active shooter events, determined that offenders are predominately white, middle aged,
middle to lower class males (2012; Kimmel, 2008). These active shooters are mostly
described as low key, former or current victims of bullying, resort to self-deprecating
humor, and suffer from a fear of rejection (Roche, n.d.; Rocque, 2012; CDC, 2002).
Despite identifying these similar characteristics, it is important to note that there are
people who possess these traits who do not become active shooters.
Peter Langman classifies active shooters into three psychological categories:
psychopathic, psychotic, or traumatized (2009). A psychopathic shooter is characterized
as a person who feels no emotional connection to humanity and is unable to feel remorse
for their acts. For example, Andrew Golden, who committed the attack at Westside
Middle School in Craighead County, Arkansas, enjoyed torturing small animals (Fast
2008). A psychotic shooter is one who suffered a break from reality, or is suffering from
mental illness. Columbine shooter, Dylan Klebold, had journals detailing his belief that
he was an alien (Langman, 2009). The third type of shooter is a person who experienced
emotional or physical trauma. These shooters are likely to have suffered through an event
that led to the shooting event.
Research into active shooter behavior identified similarities in the way these
events transpire as well. First, an offender will likely fantasize or plan out the attack in
advance. The shooter’s intentions will either be journaled or shared openly with those
around them. Then there is the act itself. Active shooters primarily seek to kill as many
people as they can with no anticipation of surviving the event. Between 2000 and 2013,
40 percent of shooters committed suicide at the scene and an additional 16 percent were
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killed by law enforcement (Blair & Schweit, 2014). Anthony Preti calls this suicide with
hostile intent (2012). Preti describes people who commit suicide with hostile intent as
those who want to end their suffering while also inflicting as much suffering onto others
as possible. This type of act is likely fueled by anger and occurs when the offender is in a
state of complete hopelessness. Jonathan Fast provides an explanation for this type of
action, with respect to school shootings, in describing it as ceremonial violence. Fast’s
theory argues that mass shootings are “theatrical, tragic and pointless” and that they are
used by offenders to gain respect and prestige (2008). It is the lack of direction and
purpose that contributes to the difficulty in predicting ASEs.
Active Shooter Event: Victim
From a criminological perspective, studies show that violence is disproportionally
concentrated in minority and lower class populations (Sampson et al., 2005; Anderson,
1999). This differs for ASEs, however, as the victims of an ASE depend entirely on the
offender. Active shooters are most often middle class, white males, thus making their
victims middle class as well. The majority of active shooters choose locations that they
have a personal attachment to (i.e. place of work, school, etc). For example, a dejected
high school student is likely to lash out against fellow classmates, while a recently fired
employee is likely to attack former bosses and co-workers (Kelly and Egan, 2012). A
defining characteristic of ASEs, according to Newman et al. (2004), is that the target is
generally symbolic in nature. In most cases, the offender does not necessarily perform the
attack to exact revenge on a particular person, but to make a statement with violence.
Again, this is contrary to other types of violent acts (Casella, 2001; Kimmel & Mahler,
2003; Newman et al., 2004).
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Active Shooter Event: Location
Location type. Locations of ASEs, like victims, are chosen by the offenders of
ASEs. When an offender chooses to act out an ASE, the goal is to kill as many persons as
possible. A defining characteristic of these events is that an offender selects a target that
is symbolic in nature. This applies to location as well as victimology (Newman et al.,
2004). Although this act of choosing symbolic victims creates difficulty in predicting
potential victims, it does aid in the prediction of potential locations for an ASE. Because
an offender it will choose a location that is symbolic in nature, it is likely they will have a
personal attachment to it. Kelly and Egan (2012) identified that offenders will likely
target the cause of their stress when committing an act of violence. The American
Psychological Association identified that nearly 49 percent of Americans experience
stress caused by job stability and 70 percent cite work, or school, as their cause of stress
(2010). It is with this research that we can estimate that offenders will target the place
that caused their stress, whether it is the school where they were teased, or business from
which they were recently fired from, rather than the specific individual who is the cause
of it.
The FBI, in examining 160 ASEs between 2000 and 2013, identified that 70
percent of ASEs occurred in either places of education or business. It would suggest that
these types of locations are “victimization prone,” or a significant difference in the
number of victimizations than expected by chance is observed (Hindelang et al., 1978).
When this occurs in the context of a local geography (i.e. town, city, etc.) it is referred to
as Repeat Victimization Theory. Repeat Victimization Theory states that a small
percentage of people account for a disproportionately large number of victimizations
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(Farrell, 1995). By applying this theory to lower profile crimes: burglary, robbery,
larceny, etc., differing law enforcement forces have been able to create preventative
measures in making arrests and reducing overall crime in their respective localities
(Bopp, 1986; Monteiro & Iannicelli, 2009). If repeat victimization can be applied to
lower profile crimes, it is likely it can be applied to infrequent high profile events, such
as: ASEs, terrorist attacks, etc.
Multiple locations. In addition to the type of locations that are targeted, research
has identified further spatial factors that contribute to a locations risk of an ASE. After an
active shooter attacks an individual location, there are a limited number of possible
outcomes. One of those outcomes is that the shooter leaves the primary location and
attacks a different one. In 15 percent of ASEs, the shooter attacked more than one
locations (FBI, 2014). This is likely related to Preti’s theory of suicide with hostile intent
(2012). The theory states that in addition to wanting to end one’s own suffering while
creating as much suffering for others as possible that a person is likely unable to commit
the act of suicide on their own. Therefore, under the potential scenario where a shooter
was at a location with no capable guardians to kill them, or there were no potential
victims remaining, the offender will seek an additional location to continue their attack
and hope to die in the process. This secondary location does not likely have the symbolic
connection like the first chosen location, but it is rather of convenience and made
randomly. Where the initial location was fantasized about and plotted out, the secondary
location is the transition into spree killing. Spree murderers are profiled as disorganized
and impulsive; therefore, the ability to predict a secondary location creates difficulties
(DeLisi et al., 2008; Silkes, n.d). In 15 percent of ASEs, the totality of the event took
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place at multiple locations. It is with this understanding that any possible location, despite
type (i.e. business, school), is at the potential risk of an ASE.
Response time. In order for an ASE to end, the offender must be arrested or
killed. The three possible actors are the offender, the civilians, or law enforcement
personnel. The FBI study of ASEs determined that only 13 percent of ASEs ended
through civilian intervention. The remaining 87 percent of incidents examined, ended
through actions of law enforcement or the offender. In order for law enforcement to act,
personnel must already be at that location or must arrive via an emergency call. The short
durations of these incidents leaves little room for error. In 70 percent of ASEs, the event
lasted less than five minutes (FBI, 2014). Furthermore, a study conducted by Blair and
Martaindale (2013) determined that 49 percent of ASEs ended before police personnel
even arrived on the scene (Blair and Martaindale, 2013). These response times may be
reflected in the changes in policing practices in the last twenty years.
Criminology literature has established that rapid response police has no
meaningful effect on crime detection (Walker, 1994; Sullivan et al., 2004; Weisburd and
Eck, 2004). These studies determined that crime detection was only feasible within the
first minute of a crime being occurred and that long delays in police communication
made it impractical to readily respond. This led to alteration in policing practices, such as
hot spot policing and problem oriented policing (Braga, 2001; Goldstein, 1990). Because
of these shifts in policing practices, the response times to emergency situations are likely
to increase due to protocol or lack of implementation.
Utilizing Repeat Victimization Theory, profiles of spree killers, and emergency
response literature a profile for high risk areas of an ASE can be developed.
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Review of the Methodological Literature
Hot Spot Density Mapping
Geospatial analysis utilizing mapping techniques has become integrated into law
enforcement intelligence operations. Geospatial mapping software has allowed police
agencies to map activity pertinent towards addressing crime in their respective areas. A
method typically used in geospatial analysis is hot spot density mapping.
Research recognizes that hot spot density mapping is effective in identifying areas
of crime (Braga, 2005). Hot spot density functions under the pretense that the distribution
of crime is not even across a map, but it is instead in clusters (Eck, 2005). Eck (2005)
defines a hot spot as an area that has a greater than average number of criminal or
disorder events, or is an area that a person is at greater risk of victimization. Depending
on the number of crimes within an area, hot spots can have varying degrees of hotness or
coolness. By identifying “hot” areas, police agencies will be better prepared to address
crime in that area.
Hot spot density maps are beneficial in identifying areas that are repeat locations
of crimes, or areas that are at greater risk of being the location of crime. Whether it is
identifying a specific business, street, or neighborhood, hot spot analysis can identify
areas where police forces can more efficiently use resources in terms of patrols and
surveillance. Braga (2005) suggests that focused police interventions, such as direct
patrols and proactive arrests can significantly decrease crime in areas deemed “hot
spots.”
The functionality of hot spot density mapping is heavily dependent on the type of
crime one would like to analyze. For more common crimes, such as burglaries, robberies,
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or assaults, density mapping would be easily implemented. However, in the case of
ASEs, hot spot density mapping is limited. A total of 160 ASEs occurred in the United
States between 2000 and 2013. These 160 ASEs took place in 40 of 50 states, and in
various locations within each state; therefore, hot spot mapping would be a futile attempt
towards addressing the event. A hot spot is determined only by the location of previous
events (Agung, 1993). Although cities may have never been the location of an ASE in the
past that does not guarantee one will never occur. An alternative view of the crime other
than that of the physical location must be examined in order to assess events such as
ASEs geospatially.
Risk Terrain Modeling
Opportunity theorists suggest that crimes can be explained by the opportunities
present to an offender. By this theory, an offender will commit crimes in locations that
are most accessible to the offender. Eck (2002) and Brantingham and Brantingham
(1995) allude to a relationship between a location and opportunity. These studies make
the case that all locations and persons are opportunities for a potential offender.
Caplan et al. (2010) states that all locations have a value associated with its
potential opportunity for an offender, but it is not an absolute value. Opportunity varies
between locations and changes over time. Assessing the opportunity of potential locations
requires the development of a conceptual framework that can be used to produce
intelligence and aid in decision making (Caplan et al., 2010). The use of risk assessment
can properly operationalize the potential opportunity inherent in locations.
A risk assessment is “a consideration of the probabilities of particular outcomes”
(Kennedy & Van Brunschot, 2009). The use of a risk assessment can illuminate the

16

underlying characteristics of a crime that can be used to analyze it. Locations can have
varying degrees of risk depending on the number of risk factors they possess. Risk factors
of a particular crime are determined through meta-analysis, literature review, or case
studies. Depending on the crime or event being assessed, a location may need to possess
all or only a few of the risk factors determined to be correlated to the outcome.
Risk Terrain Modeling (RTM) was developed by Joel Caplan and colleagues at
Rutgers University as an approach for assessing risk. They proposed the method to aid in
forecasting by identifying the underlying causes of a crime. Through the RTM
methodology, an analyst utilizes raster data models which can be added together to
develop a comprehensive risk map.
RTM has already been applied to multiple cities for a variety of crimes including:
residential burglaries, violent crimes, street robberies, and shootings. A study by
Hollernan and Gale (2013), applied RTM to residential burglaries in Lawrence
Township, New Jersey and found a significant correlation between residential burglaries
and the identified risk factors: bus stops, calls for suspicious vehicles, and calls for
suspicious persons (Moreto, 2011). A study by Kennedy and Gaziarifoglu (2011)
developed a model incorporating location of retail businesses, bus stops, banks, drug
arrests, and prostitution arrests to forecast locations of street robbery in Newark, NJ. The
study concluded that a unit increase in risk associated with these factors contributes to a
127 percent increase in likelihood of a robbery occurring.
Cities that have applied RTM and developed response strategies are seeing
positive results. The Kansas City Police Department identified at risk areas for
aggravated violence and directed policing efforts towards those at risk areas. In a period
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of three months, aggravated assaults decreased 12 percent compared to the control area in
the city (Piza, Kennedy, & Caplan, 2011).
In order to create an RTM, as instructed by Caplan et al. (2010), one must first
identify potential risk factors that are related to the outcome being assessed. These risk
factors are identified through meta-analysis, literature review, empirical methods, or
general knowledge (Ratcliffe & McCullagh, 2001). These risk factors are then
standardized and operationalized for a specific location being assessed. RTM assigns
weighted or unweighted value that correlates to the presence, absence, or intensity of a
risk factor. Each factor is represented in its own raster map. Once all risk factor maps are
completed, the maps are combined to create a composite raster risk map. Areas that
possess more of the risk factors will have a higher risk value than areas that may only one
of the risk factors. The process of mapping potential risk factors allows for events that
happen infrequently such as ASEs to be mapped.
Although retrospective hot spot mapping is the default for most police agencies,
the predictive effectiveness of geospatial analysis can be improved by using alternative
methods such as RTM. A key factor in using any methodology is its replicability and ease
of use. Because RTM is not strictly dependent on present crime data, the models
developed, in terms of which risk factors are being assessed, can be translated to other
areas. For instance, if the findings of this research show that RTM is effective in
accurately forecasting the location of ASEs, the same RTM can be used by police
agencies around the country so that they too can identify areas that are at the greatest risk
of an ASE.
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Chapter 2 Summary
This thesis has two objectives. The first objective was to develop a RTM for the
active shooter events. The operationalized risk factors from this thesis will provide
contextual information relevant to active shooter events to estimate areas most likely to
be the location of an ASE through a selected geography. The second objective was to
determine if the developed model accurately predicts the location of the active shooter
event within the selected geography. If RTM is to be useful in operational policing for
ASEs, the location of the ASE must fall within the predicted area.
For this thesis, the author developed a model to forecast the locations with the
greatest likelihood of being the location of an ASE in Newtown, Connecticut and Aurora,
Colorado. In order to test the effectiveness of a RTM for forecasting ASEs, the author
was forced to choose areas that previously had an ASE take place. The desired outcome
of the study was that the locations of both the Sandy Hook Elementary School shooting
and Cinemark Movie Theater shooting fall within the areas of identified as high risk in
the RTM. If the RTM properly identifies areas at risk, the method can then be applied to
towns and cities that have not yet experienced an ASE.
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METHODOLOGY
Introduction
In order to test the use of efficacy of Risk Terrain Modeling as a predictive
methodology for identifying high risk locations for active shooter events, the author had
to choose geographic areas that have had an active shooter event take place within its
boundary. For this thesis, the author chose to apply RTM to Newtown, Connecticut and
Aurora, Colorado. Though previous research suggests that there is no spatial correlation
to where active shooter events occur in terms of national geography, this model may be
able to identify which areas within a specific locale are at the greatest amount of risk. If
accurate, this model can be applied to all localities to determine where an active shooter
event is most likely to occur. Furthermore, this model when applied can identify if there
are a cluster of high risk locations or if there is an isolated at risk location within a
locality. This identification can then lead to different preventative measures applied by
law enforcement officials.
Research Design
This research’s design is hypothesis-generating in nature, utilizing geospatial
analysis to compare the results of the risk terrain model to the actual active shooter event
that occurred. The author chose this theme to fill the gap in extant literature by
developing a location profile for ASEs. While extant literature discusses locations that
are at the greatest risk, none discuss the potential risk factors that create that risk. This
thesis will examine the three risk factors presented in a geographical context to determine
the areas within the locality that are at the greatest risk of an ASE. This process can be
completed in a short period of time and requires the use of ArcGIS. As a result, this case
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study illustrates how geospatial analysis can be used by all municipalities to identify what
areas are at the greatest risk of an ASE.
Selection of Cases
In order to test the effectiveness of this model, cases of ASEs needed to be
selected. Seawright and Gerring (2009) state that a researcher has two objectives in
selecting cases: choose a sample that is representative and that it has useful variation on
the dimensions of theoretical interest. This thesis is a hypothesis-generating case study
approach; therefore, cases were selected via the most different systems design. Most
different systems design case selection is used to provide evidence of the existence of a
causal relationship between variables (Seawright and Gerring, 2009). Using this system, a
researcher selects a minimum of two cases that have the same outcome variable, but most
all dependent variables surrounding the cases are different.
The researcher chose the following cases: Newtown, Connecticut the locality in
which the Sandy Hook Elementary School shooting occurred and Aurora, Colorado the
locality in which the Cinema Theaters Aurora shooting occurred. Both these cases share
the outcome of being the two ASEs with the greatest number of casualties in the last five
years, but are cities in different states, are different sized localities, and have different
population densities.
Data Collection
This thesis utilizes comparative analysis to determine if the risk terrain model
accurately identifies high risk locations for ASEs. This thesis utilized two datasets. The
first set of data was a list of non-residential addresses in both Aurora, Colorado and
Newtown, Connecticut. The second set of data was a list of police station addresses in the
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Aurora and Newtown. This was available by both municipalities Chamber of
Commerce’s websites.
The author created the risk terrain model to identify which locations are at the
greatest amount of risk of experiencing an ASE. The author reviewed studies about active
shooter events and police response to emergency situations to determine what aspects
likely contribute to a location’s risk of an ASE. The factors that the author included in the
risk terrain model included: non-residential location density, the type of location, and the
distance from a police station within a locality, all factors the extant literature suggest are
likely to influence the outcome variable. For each of the factors listed, the section
provides a more detailed description of the data used, and relevance of the data to the
model.
The data collection section is split into three subsections for each of the two
localities chosen for this thesis (Newtown and Aurora). The first subsection discusses the
preexisting geospatial data that was available for download and use. The second
subsection discusses the developed spatial evidence that was used. This data included
non-geospatial data that was converted into usable geospatial data by joining with
shapefiles. The third subsection discusses the unavailable evidence that the author could
not find, did not exist, or was unusable.
Newtown Preexisting Evidence
Newtown boundary. The Newtown, Connecticut boundary was obtained from
the United States Census Bureau. The data included an ArcGIS Topologically Integrated
Geographic Encoding and Referencing (TIGER) line shapefile for Newtown
(http://www.census.gov/cgi-bin/shapefiles/main).
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Newtown Developed Spatial Evidence
Newtown locality grid. The shapefile of Newtown was converted into a grid
system using the fishnet tool within ArcGIS. Newtown was distributed into 1000 by 1000
foot cells that which distance from police station and location type could be joined to.
Newtown non-residential locations. Location addresses and type of location
were gathered from Manta.com, an online business directory, and the Newtown Chamber
of Commerce website. A database was constructed with the locations listed in the
directory and then converted into a point shapefile in ArcGIS.
Newtown non-residential location point density. The point density of nonresidential locations within the locality of Newtown was derived using ArcGIS kernel
density tool.
Newtown police station locations. Addresses for the Newtown Police Station
was obtained from the Newtown Chamber of Commerce website. The location of the
station was converted into a point shapefile in ArcGIS.
Distance from police station. The distance from police station was derived by
creating a creating a multiple ring buffer in intervals of one mile. The value of the
multiple ring buffer was joined to the Newtown grid.
Risk value by location type. The risk values of locations were assigned using
the FBI’s study of ASEs (2012). The location point shapefile was joined to the grid. The
value of each grid cell was determined by the highest valued risk location within the cell.
Newtown Unavailable Evidence
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Occupancy limits for locations. A differing amount of risk would likely be
associated with the number of potential victims at a location. The author was, however,
unable to acquire data that identified the occupancy of each non-residential location.
Aurora Preexisting Evidence
Aurora boundary. The Aurora, Colorado boundary was obtained United States
Census Bureau. The data included an ArcGIS Topologically Integrated Geographic
Encoding

and

Referencing

(TIGER)

line

shapefile

for

Newtown

(http://www.census.gov/cgi-bin/shapefiles/main).
Aurora non-residential locations. A point shapefile of locations and type of
location were downloaded from the City of Aurora’s open data catalog.
Aurora police station locations. A point shapefile of Aurora police stations was
downloaded from the City of Aurora’s open data catalog. The location of the station was
converted into a point shapefile.
Aurora Developed Spatial Evidence
Aurora locality grid. The shapefile of Aurora was converted into a grid system
using the fishnet tool within ArcGIS. The shapefile of Aurora was converted into 1000 by
1000 foot cells that which distance from police station and location type could be joined
to.
Newtown non-residential location point density. The point density of nonresidential locations within the locality of Newtown was derived using ArcGIS kernel
density tool.
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Distance from police station. The distance from police station was derived by
creating a creating a multiple ring buffer in intervals of one mile. The value of the
multiple ring buffer was joined to the Newtown grid.
Risk value by location type. The risk values of locations were assigned using
the FBI’s study of ASEs (2012). The location point shapefile was joined to the grid. The
value of each grid cell was determined by the highest valued risk location within the cell.
Aurora Unavailable Evidence
Occupancy limits for locations. A differing amount of risk would likely be
associated with the number of potential victims at a location. The author was, however,
unable to acquire data that identified the occupancy of each non-residential location.

Data Analysis Procedures
The first step in conducting the geospatial analysis was inputting the nonresidential location with location type and police station location data into ArcGIS. Each
of the Newtown addresses were geocoded using the geocoding too in ArcGIS 10.2 (ESRI
2014). The Aurora addresses did not need to geocoded as a non-residential location
shapefile was readily available for download from Aurora’s open data site. To create the
risk terrain models for Aurora and Newtown, the researcher first had to create each of the
three risk layers.
Location type. The location type risk factor layer was created using a spatial join
between the points and locality grid. The grid, when joined, adopted the highest valued
risk location within each grid cell. For example, a grid cell had a church and school. The

25

grid would have the same risk value as the school as it has a higher risk value. The grid
was then converted into a raster file, and then reclassified.
Location density. This risk factor layer was created using the kernel density tool
in ArcGIS. The point layer of each of the locality’s non-residential locations was the
input. The cell size was kept at the default settings as the location density of points is
relative depending on the locality. The output raster was reclassified.
Distance from police stations. This risk factor layer was created by first creating
a multiple ring buffer around each of the locality’s police stations. The intervals of the
buffer were made in one mile increments (i.e. within 1 mile is the lowest risk). The
multiple ring buffer was then spatially joined to the locality grid. The grid, when joined,
adopted the maximum distance value of the buffer (i.e. a grid that was both within 2
miles and 3 miles adopts a value of 3). This grid was then converted into a raster using
the polygon to raster tool. The raster was then reclassified.
Composite risk value. The composite risk value raster was created using the
weighted sum tool. No weights were assigned to the input raster files. The reclassified
raster files were summed together and an output raster assigning each grid cell with a risk
value was produced.
Hot spot analysis. A hot spot analysis was conducted with the final risk values
produced. The researcher used the ArcTool Getis-Ord Gi* to identify hot spots of high
risk areas.
Evaluation. To answer the first research question, the researcher assessed the
total risk value of the grid cell in which the ASE took place determine if it accurately
identified it as a high risk location. To answer the second research question, the
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researcher evaluated if the ASE fell in an area of isolated risk (i.e. single grid cell with no
neighbors) or fell in a hotspot of at risk areas. This determination will be instrumental in
assigning proactive measures to the site.
Limitations of the Research Design
The primary limitation of this methodology is that the model is tested against only
two outcome variables. In order to test for validity, the model would have to be applied
this model to an additional 119 localities that have experienced an ASE within its
jurisdiction.
Another limitation of this thesis’s methodological approach is the assigning of
risk values by location type. The researcher was unable to determine with absolute
certainty the appropriate location type to each address point in the data sets. The type of
non-residential address was not clearly indicated in the data set or in the name of the
location.
Ethical Issues
Ethical considerations were not a concern with this thesis. All data used was
publicly available for download and use. Despite the difficult subject matter, this thesis
examined factors outside of the actual event that might result in analytical bias.
Chapter 3 Summary
This chapter explained the analytical methodology used in developing a risk
terrain model for identifying at risk locations for ASEs. The model incorporated risk
factors identified in the literature: location type, location density, and distance from
police stations.
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In order to assess the model’s effectiveness, the researcher had to compare the
results of the model to the outcome variable of a past ASE (Newtown and Aurora). These
cases were selected via the most different systems model. The researcher first determined
if the model identified both Sandy Hook Elementary School and Cinema Theaters Aurora
as areas of high risk and then determined if those locations were isolated or in a hot spot
of high risk locations. This chapter also discussed the possible limitations of this thesis,
primarily that only two outcomes were analyzed in this thesis. This section closed
discussing possible ethical concerns connected with this thesis.
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RESULTS
Introduction
The primary objective of this thesis was to produce a risk terrain model that law
enforcement could utilize to identify high risk locations of ASEs within their jurisdiction.
Additionally, this model could determine if that at risk location is isolated or in a hot spot
of at risk locations. With this identification, law enforcement can develop a response plan
unique to each location. Utilizing three risk factors: location density, location type, and
distance from police stations, the researcher created the RTM. This chapter discusses the
results of the two examined cases, and will do so separately.
The first research question for this thesis was will RTM accurately identify high
risk locations for ASEs. This was done by creating the final composite risk value raster.
The raster included the three risk factors: location density, location type, and distance
from police stations. The resulting RTMs identified both Century Theaters Aurora
(Aurora) and Sandy Hook Elementary School (Newtown) as likely locations for ASEs.
Aurora Data and Analysis
Case
The following is a summary of the Century Theaters Aurora shooting. This
summary provides a timeline of incident and identifies potential factors that may have
contributed to the severity of the event. This case is currently at trial; therefore, all details
related to this shooting were not readily available. The details for this summary were
obtained from Aurora Century 16 Theater Shooting After Action Report submitted by
TriData Division (2014).
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Incident
On July 20, 2012, James Holmes (JH), a recent dropout from the University of
Colorado Medical School, killed 12 people and injured 70 others when he opened fire on
a movie theater. On July 20, an estimated 1200 people were in attendance at the Aurora
movie theater for the midnight premier of the Batman film, The Dark Knight Rises.
Approximately 20 minutes into the movie, JH, who was armed with a rifle, pistol, and
shotgun, while wearing tactical body armor and a gas mask, entered through a propped
exit door to the theater. JH threw two gas cans into the crowd and began to open fire on
the theater. After the shooting, JH fled the theater and was apprehended in the parking lot
with no incident. A total of 12 people were killed either on scene or a result of their
wounds, and another 70 suffered gunshot wounds.
Upon his arrest, JH claimed his apartment was laced with explosives. This
prompted a bomb squad response to JH’s apartment that was 5 miles from the theater.
The responding officers evacuated the building and defused the apartment without
incident.
Response
•

•
•
•
•
•

At 12:05 A.M., the movie, The Dark Knight Rises, began. Approximately, 20
minutes after the start of the movie, JH entered the theater, threw two cans of
gas into the crowd, and began firing.
At 12:38:37 A.M., the first emergency 911 call was made.
At 12:39:37 A.M., Aurora Police Department dispatchers broadcast a shooting
in progress at Century Theaters.
At 12:40:32 A.M., a call reported that gun shots had stopped.
At 12:41:30 A.M., 6 officers arrive on scene and are met by moviegoers
evacuating into the parking lot.
At 12:50 A.M., approximately 20 minutes after the shooting began, officers
apprehend JH near his vehicle without incident.
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Factors
•
•
•
•

Century Theaters is less than ½ mile from Aurora PD’s District 2 station
JH entered the theater through a propped exit door
No designated response zones for responding police, fire, and EMS services
No reported security for movie theater

Aurora Analysis
A surface area analysis of the RTM determined that the model identified 5 percent
of the total area of Aurora at a risk score of 8 or higher out of a possible score of 14. The
resulting model produced no cells with a value higher than 14; therefore, the risk was
rated on a scale of 1-14. The final raster image is featured in Figure 4.1.

31

Aurora, CO: Probability of ASE

Figure 4.1: RTM identifying at risk locations for ASEs
Table 4.1: RTM Score Breakdown (Aurora, CO)

Risk Value
2
3
4
5
6
7
8
9
10
11
12

No. of Cells Area (mi2) Percentage
1578
9.37
6.1%
2915
17.32
11.2%
3192
18.96
12.3%
4112
24.43
15.9%
3091
18.36
11.9%
9849
58.50
38.0%
474
2.82
1.8%
443
2.63
1.7%
234
1.39
0.9%
46
0.27
0.2%
8
0.05
0.0%
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The contributing risk factors layers are featured below. An analysis of each factor
layer was conducted to determine the amount of area that had the largest amount of risk
associated with each factor.
Location density. This risk factor is shown in Figure 4.2. Through analysis, it
was determined that 82.5 percent of the area of Aurora, CO did not have a non-residential
location. Additionally, 4.4 percent of Aurora was identified in having a risk of greater
than 3.
Aurora, CO: Non-Residential Location Density

Figure 4.2: Non-residential location density in Aurora, CO.
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Table 4.2: Area Breakdown by Non-Residential Location Density
(Aurora, CO)

Risk Value
0
1
2
3
4
5
6

Locations Per Cell
0
1-5
15-26
27-44
45-76
6-14
77-157

Area (mi2)
127.051
16.04112
2.702118
1.488202
0.433665
6.181549
0.10761

Percentage
82.5%
10.4%
1.8%
1.0%
0.3%
4.0%
0.1%

Location type. This risk factor is shown in Figure 4.3. Through analysis, it was
determined that 84.3 percent of the area of Aurora, CO had risk value associated with
location type of 0. Additionally, 13.9 percent of Aurora was identified as having a risk
value of 2.
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Aurora, CO: Risk Value by Location Type

Figure 4.3: Risk by Location Type in Aurora, CO.

Table 4.3: Area Breakdown by Location Type (Aurora, CO)

Risk Value
0
1
2

Risk Score
0
24
46

No. of Cells Area (mi2) Percentage
4210
129.77
84.3%
83
2.89
1.9%
633
21.35
13.9%
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Distance from police station. This risk factor is shown in Figure 4.5. Through
analysis, it was determined that 34 percent of the area of Aurora, CO is more than 5 miles
away from the nearest police station.
Aurora, CO: Distance from Police Station

Figure 4.4: Distance from Police Station in Aurora, CO.
Table 4.4: Area Breakdown by Distance from Police Stations (Aurora, CO)

Risk Value
1
2
3
4
5
6

Distance (mi)
1
2
3
4
5
6-15

Cell Count Area (mi2)
476
16.0
748
24.7
765
24.4
677
22.3
476
14.9
1784
51.7

Percentage
10%
16%
16%
14%
10%
34%
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Newtown Data and Analysis
Case
The following is a summary of the Sandy Hook Elementary School shooting. This
summary provides a timeline of incident and identifies potential factors that may have
contributed to the severity of the event. The details of this summary came from
Connecticut State’s Attorney’s Office and the Sandy Hook Advisory Commission’s final
report.
Incident
On December 14, 2012, Adam Lanza (AL) killed 27 people including 20
elementary school children, six adults, and his mother. Between 8:00 and 9:00 A.M., AL
entered his mother’s room and shot her with a .22 caliber Savage Mark II bolt-action rifle
that she had lawfully purchased. AL then drove to Sandy Hook Elementary School in his
black, 2010 Honda Civic with a small arsenal. This arsenal included: Sig Sauer P226, 9
mm pistol, a Glock 20, 10 mm semi-automatic pistol, a Bushmaster model XM15-E2S
rifle, and an Izhmash Sauge-12, 12 gauge shotgun. In addition to the weaponry, AL had
400 rounds of ammunition and high capacity magazines that had been modified for
tactical purposes.
At 9:30 AM, AL arrived at Sandy Hook Elementary School, which had 489
students and 82 staff members on its premise. AL entered through the school’s front
entrance by shooting out the glass door using the rifle. Hearing gunshots, faculty, who
were meeting at the time, stepped into the hallway to determine the source of the noise.
AL fired upon them, killing two adults.
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After shooting the faculty members, AL entered a classroom with 16 students and
two staff members. AL killed 15 of the students and both staff members. Responders
counted a total of 80 spent 5.56 mm bullets in classroom one. AL left the first classroom,
and entered a second with 14 students and two staff members. AL killed both staff
members and five students before his gun jammed. This allowed for 9 students to escape.
At 9:40 A.M. and after the two classrooms, AL killed himself with a single shot to the
head with the Glock pistol.
Response
•
•
•

•

At 9:35:39 A.M., a 911 emergency call was placed.
At 9:36:06 A.M., Newtown Police Department dispatchers broadcast a
shooting in progress at Sandy Hook Elementary School.
At 9:39 A.M. the first officer arrived at Sandy Hook Elementary School. This
officer did not enter the building and waited until additional support arrived.
Officers arrive and apprehend an unknown male running outside the school.
This male was not involved in the shooting.
Officers entered Sandy Hook at 9:44:50 A.M. This was nearly 11 minutes
after the attack began and nearly five minutes after the attack had ended. In
fewer than 11 minutes time, 20 elementary school children and 6 adults were
killed.

Factors
•
•

Sandy Hook Elementary School did not have a security presence on site
Emergency 911 call was not placed until after initial faculty members were shot
indicating no one was monitoring front door surveillance
• Officers arrived nearly 5 minutes after the shooting began
• Officers entered Sandy Hook Elementary School 11 minutes after shooting began
• Additional casualties likely if AL had not shot self
Newtown Analysis
A surface area analysis of the RTM determined that the model identified 27
percent of the total area of Newtown at a risk score of 8 or higher out of a possible score
of 15. The resulting model produced no cells with a value higher than 13; therefore, the
risk was rated on a scale of 1-13. The final raster image is featured in Figure 4.5.
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Newtown, CT: Probability of an ASE

Figure 4.5: RTM identifying at risk locations for ASEs
Table 4.5: RTM Score Breakdown (Newtown, CT)

Value
3
4
5
6
7
8
9
10
11
12
13

No. of Cells Area (mi2) Percentage
2477
3.92
6.6%
5894
9.32
15.8%
7857
12.42
21.0%
9327
14.75
25.0%
1730
2.74
4.6%
437
0.69
1.2%
1970
3.11
5.3%
3238
5.12
8.7%
2872
4.54
7.7%
1522
2.41
4.1%
32
0.05
0.1%
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The contributing risk factors layers are featured below. An analysis of each factor
layer was conducted to determine the amount of area that had the largest amount of risk
associated with each factor.
Location density. This risk factor is shown in Figure 4.6. Through analysis, it
was determined that 71.8 percent of the area of Newtown, CT did not have a nonresidential location. Additionally, 1.4 percent of Aurora was identified in having a risk of
greater than 2.

Newtown, CT: Non-Residential Location Density

Figure 4.6: Non-Residential location density in Newtown, CT.
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Table 4.6: Area Breakdown by Non-Residential Location Density
(Newtown, CT)

Risk Value
0
1
2
3
4

Locations Per Cell
0
1-6
7-11
12-15
16-20

Area (mi2) Percentage
42.40
71.8%
15.84
26.8%
0.54
0.9%
0.11
0.2%
0.18
0.3%

Location type. This risk factor is shown in Figure 4.7. Through analysis, it was
determined that 71.8 percent of the area of Newtown, CT had risk value 0 due to location
type as no locations were present within the grid cell. Additionally, 26 percent of
Newtown was identified as having a risk value of 5.
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Newtown, CT: Risk Value by Location Type

Figure 4.7: Risk by location type in Newtown, CT.
Table 4.7: Area Breakdown by Location Type (Newtown, CT)

Risk Value
0
1
2
3
4
5

Risk Score
0
3
4
10
24
46

No. of Cells Area (mi2) Percentage
1303
42.40
71.8%
17
0.61
1.0%
7
0.25
0.4%
1
0.04
0.1%
12
0.43
0.7%
432
15.34
26.0%
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Distance from police station. This risk factor is shown in Figure 4.8. Through
analysis, it was determined that 8 percent of the area of Newtown, CT is more than 5
miles away from the town’s only police station.
Newtown, CT: Distance from Police Stations

Figure 4.8: Distance from Police Station in Newtown, CT.
Table 4.8: Area Breakdown by Distance from Police Station
(Newtown, CT)
Risk Value

Distance (mi)

Area (mi2)

Percentage

1

1

3.91

6.6%

2

2

10.19

17.2%

3

3

16.1

27.3%

4

4

15.3

25.9%

5

5

8.7

14.7%

6

6-7

4.9

8%
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Risk Terrain Analysis Comparisons
The second research question for this model was to answer if either Sandy Hook
Elementary or Century Theaters Aurora were in concentrated areas of high risk locations
or in isolation. In order to address this question, the researcher performed hot spot
analysis on the output results.
Results of the hotspot analysis on the resulting RTM map showed that Sandy
Hook Elementary and Century Theaters Aurora showed were not in concentrated areas of
high risk values. Results of the Getis-Ord Gi* hot spot analysis show that both locations
are in areas with no significant clustering; however, both are closer to areas identified as
cold spots than hot spots. The hot spots also do not occur in areas of greatest location
density, but instead cluster in areas of moderate location density and distance from police
stations.
Aurora, CO: Hot Spot Analysis of
ASE RTM Output

Newtown, CT: Hot Spot Analysis of
ASE RTM Output

Text.

Figure 4.9 and Figure 4.10: The above maps are outputs of Getis-Ord Gi* hot spot analysis. The maps identify
hot and cold spots of at risk locations for ASEs. The outcome variables of Sandy Hook and Century Theater did
not fall within a hot spot or cold spot.
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Chapter 4 Summary
This chapter discussed the results of this thesis and the presented the output RTM.
The three risk factors: location density, location type, and distance from police stations
were operationalized and summed to identify both Century Theaters Aurora and Sandy
Hook Elementary school as likely locations of ASEs. Through comparison, location
density showed to be the variable that most directly impacted risk. Additionally, the
resulting hot spot maps showed that both locations were not in areas of clustering. These
results illustrate that an RTM utilizing these three risk factors can identify likely locations
of ASEs. The next chapter concludes the study discussing the results, the implications of
the results, and options for further research in connection to this topic.
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CONCLUSION
Introduction
This chapter reviews the ASEs and how this model can identify at risk locations
for ASEs and aid law enforcement personnel in resource allocation. As the frequency of
ASEs continues to increase in the United States, the need for an alternative geospatial
methodology was evident. This chapter reviews RTM and how this thesis utilized it to
identify at risk locations for ASEs. This chapter will discuss the results of the study and
how they apply to the extant literature on ASEs. The implications of this thesis on law
enforcement will be examined, as well as future research opportunities that can improve
this thesis. The chapter will close with an overall summary of the study.
Summary of the Study
This thesis was conducted to determine if RTM was an appropriate methodology
for identifying at risk locations for ASEs. If accurate, the model and methodology can be
applied by other jurisdictions to identify at risk locations. In order to test the accuracy of
the model, the researcher applied it to Aurora, Colorado and Newtown, Connecticut. The
model developed in this thesis was done so through identifying risk factors in extant
literature. Through this research, three factors that likely contribute to ASEs were
identified. These factors are non-residential location density, location type, and distance
from police stations. These factors were operationalized manually by inputting nonresidential locations and police stations from various locations. The operationalized risk
factors were then combined to produce a composite risk map that identified areas at the
greatest risk for an ASE. A hot spot analysis was then done to determine if and where
locations at risk for ASE cluster. The result of the study determined that the model
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accurately identified both Century Theaters Aurora and Sandy Hook Elementary as
locations at risk for an ASE. Additionally, the hot spot analysis determined that areas of
risk do cluster together; however, neither Century Theaters, nor Sandy Hook, fell within a
hot spot, but rather fell closer to identified cold spots.
Discussion of the Findings
The findings of this thesis are dependent on research on ASEs, criminology, and
geospatial analysis. In order to create an RTM that law enforcement can utilize, risk
factors needed to be identified. Routine Activity Theory was referenced to identify the
aspects of the crime that needed to be addressed to create a comprehensive risk model.
Routine Activity Theory states that a crime is likely to occur when offenders meet
potential victims in the absence of capable guardians (Cohen and Felson, 1979). By
identifying risk factors associated with offenders, victims, and locations, a model was
developed.
Through research it was determined that violent offenders tend to target the
source of their stress (Kelly and Egan, 2012) and that 70 percent of people identify school
and work as the major stressors in their lives (American Psychological Association,
2010). By applying Repeat Victimization Theory, it can be determined that locations of
ASEs are likely to be similar across the United States.
The second risk factor of location density is explained with the Preti’s theory of
suicide with hostile intent and knowledge of spree killers. The theory states that the
offender wants to inflict as much suffering while also ending their own. It also states that
some offenders are unable to kill themselves; therefore, will continue to act until killed
by law enforcement (2012). Therefore, when a location is out of potential victims, or
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deemed unsafe, an offender will devolve into a spree killer. Spree killers are
disorganized, impulsive, and choose victims out of opportunity (DeLisi et al., 2008;
Silkes, n.d). Because of this, high location density areas are at the greatest risk of ASEs.
The third risk factor of distance from police stations is explained by an
examination of ASEs. Blair and Martaindale determined that 70 percent of ASEs lasted
less than 5 minutes (2013). Additionally, 49 percent of ASEs ended prior to police arrival
(Blair and Schweit, 2014). These numbers suggest that the farther away a responding
police force is from a location, the greater the risk an ASE will result in more casualties.
The three risk factors were operationalized and summed to create a composite risk
score. The resulting RTMs for both Aurora and Newtown identified Century Theaters
and Sandy Hook Elementary as at risk locations for ASEs (Figures 4.1 and 4.5).
Additionally, the output model identified 5 percent of Aurora’s area at risk and 25
percent of Newtown’s area at risk. This reduction of at least 75 percent of a jurisdiction’s
area allows police to focus on a finite area in developing response plans. Finally, the
finding that both Century Theaters and Sandy Hook were not in identified hot spots of at
risk areas is notable. This can be explained by rational choice theory, or that the offender
is acting purposefully to benefit themselves (Felson & Clarke, 1998, p. 6). It may be a
subconscious decision on the part of the shooter to avoid hot spots of high risk areas, due
to their will in inflicting suffering. Shooters may be warry that hot spots of at risk
locations will have increased security measures already in place. This assumption can
only be confirmed by applying the model to additional ASEs. An additional explanation
could be that the offenders deliberately choose locations that the general public views as
safe. The goal of an active to shooter is to create as much destruction as possible;
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therefore, when choosing victims, the shooter is likely to select areas the public feels the
safest. By attacking these believed safe locations, the shooter creates a shock factor that
gains them the notoriety they desire.
In order to develop an emergency response plan for ASEs, police agencies must
first identify where this type of event will take place. Although many areas around the
country have not had an ASE happen in their town, city, or region, the same variables
that contribute to an ASE in one jurisdiction can be applied to another (Farrell, 1995).
The better prepared police agencies are to respond to ASEs, fewer casualties can be
expected. As the number of casualties with each ASE decreases, the frequency of ASEs
nationwide will also decrease (Townes et al., 2015).
Implications for Practice
The results of this thesis determined that a model incorporating non-residential
location density, location type, and distance from police stations accurately identified
past locations of ASE as at risk. This model for ASEs can likely be applied to
jurisdictions to identify locations that are at the greatest risk. The identification of at risk
locations for ASEs is useful on two fronts. First, law enforcement personnel are aware of
where that location is within their jurisdiction and can develop emergency response
protocol for that location. The second way that this identification is useful is that law
enforcement personnel can partner with the location for the purpose of educating
employers and employees on what to do in the event of ASE. This education can include
training for what to do in the event of an ASE or as crime prevention through
environmental design (CPTED) strategies.
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Additionally, hot spot analysis of at risk locations for ASEs produced hot spots
and cold spots for both jurisdictions. The identification of hot and cold spots can
influence emergency response protocol and resource allocation. If a location is identified
as at risk, but falls within a hot spot of at risk locations, it would not be practical to
allocate all resources to that one location. Instead it would be more beneficial to a have
an emergency response protocol established that can readily be applied to any of the
locations within the hot spot. A possible solution is ensuring that at least one patrol
vehicle is present within the hot spot at any given time, or depending on the size, more
than one patrol vehicle. A different approach can be applied for at risk locations that fall
in cold spots or in areas of no significance. It would be a waste of resources to have extra
enforcement in areas not deemed hot spots. A practical solution would be for law
enforcement to recommend that those locations hire and employ their own security staff.
To have armed, trained staff on site would provide an opportunity to terminate the threat
prior to police arrival. Additionally, if the location was in partnership with police
department, the armed security could be viewed as an extension of the force; therefore,
protocol related to waiting for backup can be mitigated.
The purpose of this type of model is to increase preparedness. This model will not
eliminate active shooters, but what it will hopefully do is prepare locations so that the
damages are not as severe. The model alone will not prevent the ASEs, instead is the
action taken after it is created that will have the greatest impact. Studies have shown that
there is no spatial correlation for where ASEs take place; therefore, it can happen in any
jurisdiction at any time. Once an ASE begins, it will not end until the offender is stopped.
Therefore, law enforcement agencies need to have the training and the planning done
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before hand to ensure the fewest number of casualties. If a joint effort is taken by law
enforcement agencies nationwide to reduce the number of casualties, there is the
possibility that the frequency of ASEs will decrease.
Recommendations for Further Research
Limitations to the methodology of this thesis provide opportunities for future
research. This thesis was hypothesis-generating in nature in that two outcome variables
were compared against the output model in an effort to broaden the understanding of the
phenomena under investigation and create a location profile for ASEs. To test the validity
of the model, a future study could apply the same model to all areas of past ASEs. By
applying this model to one-hundred plus localities, the model’s accuracy can be tested
statistically, as well as the variables included in the model to determine which variables
have the greatest correlation to ASEs.
Another aspect by which this research can be furthered is by including other risk
variables. A location profile for ASEs did not previously exist; therefore, this model
incorporated the variables of one author. Possible risk factors to include: population
density and income. As previously stated, active shooters seek to inflict as much damage
as possible, and it can be hypothesized that a shooter will choose areas with the greatest
amount of targets. Shooters also target victims that they have an attachment towards;
therefore, with most shooters being white middle class males, it can also be hypothesized
that these attacks are more likely to occur in middle class areas within a city. Future
researchers should attempt to identify other potential risk factors associated with ASEs to
create a more statistically sound model.
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A final recommended area of research is connected to finding that neither Century
Theaters nor Sandy Hook Elementary fell within hotspot of at risk areas. Future research
should continue to perform hot spot analysis on the final risk output for all locations of
ASEs and determine if there is a relationship between actual locations of ASEs and
hot/cold spots of at risk locations. Research into this relationship can provide greater
insight into the locations an active shooter chooses to target.
Conclusions
This thesis provides a model for identifying at risk locations for ASEs and hot
spots of at risk locations within a jurisdiction. The model was derived from scholarly
research that identified risk factors for ASEs. The risk factors included in the model
included: non-residential location density, location type, and distance from police
stations. The three risk factors were operationalized and combined to produce a
composite risk map for both Aurora, Colorado and Newtown, Connecticut. The model
successfully identified both Century Theaters Aurora and Sandy Hook Elementary, both
locations of ASEs, as at risk locations. Hot spot analysis did produce hot spots of at risk
locations in both Aurora and Newtown; however, neither Century Theaters nor Sandy
Hook fell within a hot spot. The application of RTM for ASEs gives law enforcement
personnel the ability to identify at risk locations within their own jurisdictions.
Additionally, by identifying if a particular at risk location falls within a hot spot, or not,
law enforcement can implement tailored procedures for ASEs that will likely reduce the
number of casualties.
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