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The Police Foundation is a national, nonpartisan, nonprofit organization dedicated to 

supporting innovation and improvement in policing.  Established in 1970, the foundation has 

conducted seminal research in police behavior, policy, and procedure, and works to transfer to 

local agencies the best information about practices for dealing effectively with a range of 

important police operational and administrative concerns.  aƻǘƛǾŀǘƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴΩǎ 

efforts is the goal of efficient, humane policing that operates within the framework of 

democratic principles and the highest ideals of the nation. 

This project was supported by Cooperative Agreement #2007-IJ-CX-K153 by the U.S. 

Department of Justice, Office of Justice Programs.  Points of view or opinions contained in this 

document are those of the authors and do not necessarily represent the official position or 

policies of the U.S. Department of Justice or the Police Foundation. 
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ABSTRACT 

Law enforcement agencies lack specific information describing where police officers patrol 

when not responding to calls for service.  Instead they have snapshots of events that are 

handled by police such as the locations of crime reports, arrests, traffic citations, and 

pedestrian stops.  While computerizeŘ ŎǊƛƳŜ ƳŀǇǇƛƴƎ Ƙŀǎ ŜƴŀōƭŜŘ άǎƳŀǊǘ ǇƻƭƛŎƛƴƎέ and police 

have become more scientific in the ways in which they respond to crime (Bureau of Justice 

Assistance, 2010; Robinson, 2011), police agencies still have little ability to assess the 

effectiveness of their deployment strategies in relationship to their goals.   

Our study sought to examine these two key gaps in the advancement of recent police 

innovations.  If the police have knowledge about where patrol resources are concentrated in a 

police agency, can police Commanders more successfully manage broad patrol resources?  

Within the context of a Compstat model, can they ensure that crime hot spots gain increased 

levels of patrol?  Finally, if such knowledge were available to the police will that help them to 

prevent crime?  We think that the answers to these questions are key to the advancement of 

policing.  Our study is the first we know of to test these questions directly. 

Since the early 1990s, hot spots policing has emerged as an important policing strategy.  

Sherman and Weisburd (1995) coined the term and argued that the police should not water 

down the dosage of police patrol across entire beats, but should focus it upon the specific 

places where crime was concentrated.  While police scholars now agree widely that preventive 

patrol over larger areas is not effective (Weisburd & Eck, 2004; Bayley, 1994), the introduction 

of automated vehicle locator (AVL) technology allowed us to see whether provision of detailed 

information on actual patrol dosage to police managers would allow for more effective 
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allocation of patrol in beats and following this significant reductions in crime.  We were also 

able to examine these questions for crime hot spots identified during Compstat meetings.   

We used a blocked randomized experimental design to examine these questions.  First, we 

used trajectory analysis to identify four groups of beats with similar crime trajectories. Each of 

the beats within a trajectory group was randomly allocated to treatment or control.  

Commanders received information on the measured deployment levels (the amount of hours of 

vehicle presence as measured by an Automated Vehicle Locator (AVL) system) received by the 

treatment beats but not the control beats.  In addition, they received AVL measured 

deployment information about Compstat hot spots (those identified for specific deployment 

strategies) in the treatment areas but not in the control areas.   

At the beat level, access to AVL measured deployment information led Commanders to 

request significantly higher amounts of patrol presence but did not result in an increase in 

actual patrol levels.  At the hot spot level, it is important to note that our unit of analysis is no 

longer the same as our randomization unit.  Thus, we interpret these results with caution.  At 

the hot spot level, AVL does not lead Commanders to request higher levels of patrol, but it did 

lead to higher actual levels of patrol at those places.  Also, in contrast to the beat level findings, 

we find treatment hot spots have about a 20 ǇŜǊŎŜƴǘ ǊŜƭŀǘƛǾŜ άŘŜŎƭƛƴŜέ ƛƴ ŎǊƛƳŜΦ   

The Dallas (Texas) AVL Experiment provides important information to improve our 

understanding of how AVL technologies can be used to maximize patrol in police agencies.  Our 

data suggest that, at least in cities like Dallas with large geographies, AVL information will not 

aid patrol allocations in large geographic areas because patrol coverage in beats is largely a 

function of cross district dispatch rather than Commander-specified deployment.  However, it is 
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effective in achieving higher levels of patrol in hot spots and significant reductions in crime.  

Additional studies are needed in other cities and focusing on hot spot areas to better 

understand the potential value in using AVL for deployment. 
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EXECUTIVE SUMMARY 

Law enforcement agencies do not typically have a comprehensive data source to measure 

where police officers spend their time on patrol.  Like individual frames from a full length 

movie, locations of calls for service, crime incidents and arrests provide snapshots of where 

police conduct those activities, but the more numerous missing frames represent important 

gaps.  This means police agencies have little ability to assess the effectiveness of their 

deployment strategies in relationship to their goals.  In contrast, computerized crime mapping 

has allowed the police to become more scientific in the ways in which they respond to crime.  

ά{ƳŀǊǘ ǇƻƭƛŎƛƴƎέ Ƙŀǎ ōŜŎƻƳŜ ŀƴ ŜǾŜǊȅŘŀȅ ōǳȊȊ ǿƻǊŘ ŦƻǊ ǇƻƭƛŎŜ ŀǎ ǘƘŜȅ ƘŀǾŜ ōŜŎƻƳŜ ŀōƭŜ ǘƻ 

track crime carefully almost in real time (Bureau of Justice Assistance, 2010; Robinson, 2011).      

Our study sought to examine these two key gaps in the advancement of recent police 

innovations.  If the police have knowledge about where patrol resources are concentrated in a 

police agency, can police Commanders more successfully manage broad patrol resources?  

Within the context of a Compstat model, can they ensure that crime hot spots gain increased 

levels of patrol?  Finally, if such knowledge were available to the police will that help them to 

prevent crime?  We think that the answers to these questions are key to the advancement of 

policing.  Our study is the first we know of to test these questions directly. 

Since the early 1990s, hot spots policing has emerged as an important policing strategy.  

Sherman and Weisburd (1995) coined the term and argued that the police should not water 

down the dosage of police patrol across entire beats, but should focus it upon the specific 

places where crime was concentrated. While police scholars now agree widely that preventive 

patrol over larger areas is not effective (Weisburd & Eck, 2004; Bayley, 1994), the introduction 
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of AVL technology allowed us to see whether provision to police managers of detailed 

information on actual patrol dosage would allow for more effective allocation of patrol in beats 

and following this significant impacts on crime.  We were also able to examine these questions 

for crime hot spots identified during Compstat meetings.   

RESEARCH QUESTIONS 

Our study sought to increase knowledge in the two key research areas identified above and 

led us to ask eight specific research questions (four at the level of police beats and four at the 

level of hot spots): 

1. Does knowledge about actual police patrol time influence the time that police managers 
expect patrol cars to spend in patrol beats under their supervision? 

2. Does knowledge about actual police patrol influence the amount of patrol delivered in a 
beat area? 

3. Does knowledge about actual police patrol allow managers to gain greater consistency 
between the amounts of patrol that they request in any police beat with the actual 
amount of patrol delivered? 

4. Does knowledge about actual police patrol lead to crime reductions in the experimental 
beats? 

5. Does knowledge about actual police patrol influence the time that police managers 
expect patrol cars to spend in directed patrol areas in their beats? 

6. Does knowledge about actual police patrol influence the amount of actual patrol 
delivered in a hot spot area? 

7. Does knowledge about actual police patrol allow managers to gain greater consistency 
between the amount of patrol that they request in any directed patrol area and the 
actual amount of patrol delivered? 

8. Does knowledge about actual police patrol at hot spots lead to crime reductions in the 
directed patrol areas in the experimental beats as contrasted with the control beats?  
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RESEARCH DESIGN 

We designed the experiment in collaboration with the Dallas (Texas) Police Department 

(DPD).  The DPD has been using AVL technology since 2000 and has AVL installed in virtually all 

patrol cars, currently 873 vehicles.  Ample time has elapsed to address various issues including 

possible obstruction by officers of AVL technology and officer/union resistance based on AVL 

technology being a possible threat to their personal freedoms on the job due to its ability to 

capture and monitor GPS data.  

STUDY UNITS OF ANALYSIS: BEATS AND HOT SPOTS 

A marked benefit of the DPD as our experimental site is that the department has fully 

implemented Compstat with routine meetings for assessing crime problems.  Compstat 

provides a management strategy to hold division Commanders accountable for deployment and 

crime control in their respective districts.  Lƴ ŀŘŘƛǘƛƻƴΣ 5t5 Ƙŀǎ ŀ άŘƛǊŜŎǘŜŘ ǇŀǘǊƻƭέ ǇƘƛƭƻǎƻǇƘȅ 

where it is the responsibility of division Commanders to actively manipulate patrol to meet 

emerging problems and this process is reviewed weekly.   The underpinning of this philosophy 

includes the conceptual idea that ŀ ŎŀǊ ƻǊ ŀƴ άŜƭŜƳŜƴǘέ should be available to service each beat 

at all times so as to provide efficient response time to calls for service.  Beats are the 

operational unit for deployment decisions and thus were chosen as the units of analysis in the 

experiment.  Hot spot areas identified during Compstat meetings as candidates to receive 

directed patrol were the units of analysis in the study of hot spots.   
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MEASURING INTENDED AND BEAT LEVEL DEPLOYMENT 

A key issue in our study is the impact of AVL on expectations regarding the deployment of 

patrol resources.  Accordingly, we needed to develop mechanisms for collecting data on how 

much time police Commanders expected patrol officers to spend in specific areas.  Following 

our research questions, we measured intended deployment at two levels of analysis, beat, and 

hot spot.  We collected beat level intended deployment through a web-based internet 

application that administrative sergeants filled in daily.  Intended deployment in hot spot areas 

was measured via a form that was filled in at the weekly divisional Compstat meetings.  DPD 

personnel running the meeting catalogued each hot spot area identified and specific amounts 

of increased attention requested for those places. 

Actual deployment achieved was measured via AVL data.  These data include 

latitude/longitude position, speed of the vehicle, and a unique vehicle identification number.  

When vehicles are stationary, a data point is created every 15 seconds.  As a vehicle begins to 

move, a data point is created for every 300 meters that the vehicle travels.  The DPD wrote a 

program which aggregates time spent by police officers in quarter mile (1,320 foot) square grid 

cells that covered the city.  Department personnel ran this program and supplied the research 

team with aggregated time spent in beat and each grid cell.  AVL measured patrol constituted 

our primary measure of police patrol presence.  It is important to note that the measure 

captures all police presence in a beat (not just that of the officers assigned to a beat).   

TOTAL CRIME 

Total crime included all homicide, rape, robbery, aggravated assault, burglary, theft, 

unauthorized use of motor vehicle (UUMV), auto theft burglary of motor vehicle (BMV), 
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narcotics/drugs, vandalism/criminal mischief, and assault.  To account for cases of property 

crime for which an exact time of occurrence was unknown, we conducted an aoristic analysis of 

the total crime data.1  We used total crime data for 2009 as the basis for establishing the 

blocking scheme and total crime as an outcome measure in the evaluation of whether the 

information provided by AVL regarding patrol deployment achieved would reduce crime. 

CREATING EXPERIMENTAL BLOCKS USING TRAJECTORY ANALYSIS OF TOTAL CRIME 

Our initial analysis of crime data in Dallas showed that crime rates varied a good deal 

between the beats.  Such large variation in the baseline for a key indicator, that was also 

strongly correlated to patrol allocations, led us to use a block randomized design for our study 

(Gill & Weisburd, In Press; Weisburd & Gill, In Progress; Weisburd & Taxman, 2000).  Block 

randomized designs allow a researcher to increase confidence in the equivalence of study 

groups in an experiment by first defining broad categories of cases and then randomizing units 

within those categories.  For example, in our case if we could identify beats with similar crime 

trends, we could equally allocate beats randomly in groups that reflected similar trajectories of 

crime over time.  This approach also has the benefit of increasing the statistical power of a 

study (Gill & Weisburd, In Press; Weisburd & Gill, In Progress). 

We relied upon group-based trajectory analysis (Nagin, 1999; Nagin & Land, 1993; Nagin & 

Tremblay, 2005) as a technique for identifying broad groupings of beats for randomization in 

                                                             

 

1 Aoristic analysis involves spreading the crime risk equally across the hours of the time span by assigning each hour 
a portion of the probability the crime occurred in that time period (for more details see Ratcliffe, 2000, 2002). 
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our study.  Formally, the model specifies that the population examined is comprised of a finite 

number of groups of individuals who follow distinctive developmental trajectories.  Each group 

is allowed to have its own offending trajectory (essentially a chart of offending rates 

throughout the time period) described by a distinct set of parameters that are permitted to 

vary freely across groups. 

We identified four different developmental groups at beats in 2009.  One group represents 

beats which have very low weekly crime levels.  This very low crime group has 21 beats (9.1%) 

and its members experienced roughly three to six crimes per week.  The 94 low crime beats 

(40.5%) ranged from a low of six to a high of nine crimes per week.  The medium crime group 

contains the largest number of beats (n = 100, 43.1%) and ranges from 9.5 to just over 13 

crimes per week.  Seventeen beats (7.3%) were significantly higher than the medium crime 

group ranging from 15 to 25 crimes per week.  The gap of two crimes per week separating the 

medium and high crime groups is the largest among any of the groups. 

RANDOM ASSIGNMENT OF BEATS 

The 232 beats were allocated equally to two groups using the pseudo-random number 

generator in Excel.  The distribution was conducted in four statistical blocks, based on the 

results of the trajectory analysis.  One group of beats was the treatment group (N=116) and the 

other the control group (N=116).   Police managers received information about the actual patrol 

levels received in the previous week to use in their deployment decisions for the treatment 

beats  Police managers did not receive information about police presence as measured by AVL 

for the control beats.  Police managers were briefed on the design of the study and asked to 
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report their daily staffing allocations to beats for both treatment and control areas.  Patrol 

officers were not informed of the study. 

 

TREATMENT:  FEEDBACK ON DEPLOYMENT LEVELS ACHIEVED 

After a series of meetings with Dallas Police Department field Commanders, we created two 

feedback forms which were given to the DPD Division Commanders on a weekly basis.  Both 

forms contained information about AVL measured deployment, one for beats and the other for 

Compstat hot spot areas. 

CONTROL CONDITION 

The control condition consisted of standard police responses in the beats that were 

allocated as controls.  Accordingly, police continued to patrol these areas at the normal levels 

and would respond to calls for service originating in these areas as usual. 

FINDINGS 

Our findings regarding the influence of AVL knowledge on allocations of police patrol, and 

its impacts on crime are intriguing.  We find that, overall, AVL knowledge led Compstat 

Commanders in Dallas to increase the amount of patrol that they expected in their beats as 

compared to control beats.  But that increase in expectations did not lead to a significant 

increase in the actual allocation of patrol.  Not surprisingly, we did not find any crime 

prevention benefits at the beat level for the treatment condition.  This would imply that AVL 

knowledge, at least in the way that it was applied in Dallas, does not lead to any greater 

consistency between expectations and patrol achieved.   
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When we examine hot spots, we find precisely the opposite impact of AVL.  It did not affect 

the overall number of hours assigned as compared to control beats, though it did increase the 

amount of patrol actually performed (despite the larger number of hot spots assigned) in the 

treatment condition.  This increase in patrol appears to have led to a decrease in crime in the 

treatment hot spots. 

How can we explain these markedly different results found at different geographic levels of 

policing?  And what insights do our findings bring to the use of AVL in the future in police 

agencies?  This is what we focus on in the following discussion of our findings.  We think they 

make very good sense given what we know about policing today and despite the limitations of 

our study (to be discussed before concluding) our findings lead to strong policy conclusions. 

Why does AVL increase expectations of patrol in the beat level, but not have any observed 

impact on the amount of patrol performed?  We think it likely that the increase in expected 

patrol is a result of police Commanders observing how much patrol they get in each beat 

relative to the broad assignments that they believe they are making regarding police resources.  

In Dallas, as in many other cities, the Commanders assign a specific number of cars to each 

police beat each week.  But in reality, the number of hours of patrol that is actually delivered to 

those beats will be determined by factors that are not under the control of Commanders.  For 

example, in Dallas cross beat dispatch is common when the burden of calls for service to the 

police grows.  Despite officers being assigned to a specific beat, they are likely to be sent across 

beats when call dispatchers need to assign an emergency call.  In geographically large cities 

such as Dallas, the time it takes to answer calls on the other side of the city or even just outside 

the assigned beat is considerable.    
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With access to the actual patrol figures, the AVL beat Commanders clearly felt that the 

number of hours of patrol performed was not high enough.  We suspect that having seen the 

actual deployment figures they wanted to increase the number of hours overall spent in 

particular beats under their command.  AVL information gave the Commanders the sense that 

they might have more control over patrol resources.  But the reality was that the patrol 

resources of the department, as in many other departments, was being driven more by the 

emergency dispatch system than by the dictates of the Commanders (Famega et al., 2005; 

Reiss, 1992). 

But this raises the question of why Commanders could bring greater resources to crime hot 

spots.  Moreover, why did the Commanders not expect more hours at treatment hot spots than 

control hot spots if they expected more resources at treatment beats but not control beats?  

The answer to this latter question can be found perhaps in the more specific nature of hot spots 

policing allocations.  Beat areas are large geographies, and specifying how much patrol should 

be given to each is difficult to focus upon in very specific terms.  Of course, high crime beats 

would be assigned more patrol than low crime beats.  But the boundaries of such assignment 

numbers would be expected to be imprecise.  However, police attention to specific places, or 

hot spots, is a much more concrete focus for Commanders, and we suspect that in coming to a 

decision about how much patrol to allocate they have clear expectations that are not likely to 

be influenced simply by a desire to gain more patrol.  The treatment for any specific hot spot is 

in this sense independent of knowledge about police patrol brought by AVL data. 

This indeed fits the logic as we noted earlier for hot spots policing more generally.  One of 

the major findings of the Minneapolis Hot Spots Patrol Experiment (Sherman & Weisburd, 
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1995) was that police could be effective in reducing crime if they focused their resources on 

crime hot spots.  Sherman and Weisburd argued that it was wasteful to spread preventive 

patrol across a city if crime was concentrated at a small number of places.  Moreover, focusing 

police resources on specific places would allow the police to bring higher dosages of patrol to 

those places (Weisburd, 2008; Weisburd & Telep, 2010).  This experiment shows that AVL 

information allows Commanders to increase the concentration of ordinary patrol resources at 

crime hot spots. 

What is new here is that the introduction of AVL can help the police to more efficiently and 

effectively increase police patrol at crime hot spots.  This is an important finding, especially in 

an era when it is unlikely that police resources will be increased.  Our study suggests that with 

existing resources the use of AVL can increase patrol time at hot spots and through such 

increases in patrol reduce crime. 

CONCLUSIONS AND IMPLICATIONS FOR PRACTICE 

The Dallas AVL Experiment provides important new data for our understanding of how AVL 

technologies can be used to maximize patrol in police agencies.  Our data suggest that, at least 

in cities like Dallas with large geographies, AVL information will not aid patrol allocations in 

larger geographic areas.  Indeed, we find that the introduction of AVL as a management tool 

might be expected to lead to frustration in management in such police agencies.  In our study 

AVL led to increased expectations for patrol at the beat level, but no significant differences in 

actual patrol levels.  We do not assume that the latter finding is due to intentional efforts on 

the part of patrol officers to ignore the dictates of Commanders, but rather reflects the limited 
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control that police Commanders have over patrol resources once emergency response systems, 

especially cross district dispatch approaches, are factored into the patrol equation.  This finding 

suggests that AVL might lead to increased friction between Commanders and the patrol force, 

as expectations are inflated by AVL knowledge, but patrol allocations do not increase.   Not 

surprisingly, our study shows no significant impact of AVL knowledge on beat level crime rates. 

Despite the sobering findings in our study regarding the use of AVL as a beat level 

management tool, our study suggests that AVL knowledge is a promising tool for enhancing hot 

spots policing approaches.  Expectations for patrol hours in hot spots were not affected by the 

experimental conditions.  However, AVL information did lead to significantly higher hours of 

patrol at the hot spots identified.  AVL in this context can be an effective tool for enhancing hot 

spots policing approaches.  Moreover, this increased patrol at hot spots was found to lead to 

lower levels of crime in the treatment areas.   

These findings overall provide important guidance for police agencies.  On one hand they 

should be cautious in employing AVL as a management tool for large area patrol deployment.  

On the other, AVL can be an effective tool for enhancing hot spots policing approaches.  Given 

the very strong empirical findings of the effectiveness of hot spots policing (Braga, 2007; Braga 

& Bond, 2008; National Research Council [NRC], 2004; Sherman & Weisburd, 1995; Sherman & 

Rogan, 1995; Weisburd & Green, 1995; Weisburd et al., 2006) and the findings of this study, our 

study suggests wider use of AVL in bringing directed patrol to hot spots areas.   
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PURPOSE OF THE STUDY 

Currently police agencies have little ability to assess the effectiveness of their deployment 

strategies in relationship to their goals.  Police agencies use calls for service, crime incidents, 

and arrests as indicators of both crime and police activity.  In the case of identifying crime, 

these data combined with computerized crime mapping now allow police agencies to know 

exactly where crimes occur in their cities, and at what times.  Such information has allowed the 

police to become more scientific in the ways ƛƴ ǿƘƛŎƘ ǘƘŜȅ ǊŜǎǇƻƴŘ ǘƻ ŎǊƛƳŜΦ  ά{ƳŀǊǘ ǇƻƭƛŎƛƴƎέ 

has become an everyday buzz word for police as they have become able to track crime carefully 

almost in real time (Bureau of Justice Assistance, 2010; Robinson, 2011).  But despite advances 

ƛƴ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǿƘŜǊŜ ŎǊƛƳŜ ƛǎΣ ǘƘŜ ǇƻƭƛŎŜ ƪƴƻǿ ƭƛǘǘƭŜ ŀōƻǳǘ ǿƘŜǊŜ άǘƘŜ ǇƻƭƛŎŜ ŀǊŜΦέ  

Calls for service which track police responses to specific incidents capture only specific 

ƳƻƳŜƴǘǎ ƛƴ ǘƛƳŜ ǿƛǘƘƛƴ ŀƴ ƻŦŦƛŎŜǊΩǎ Řŀƛƭȅ Ǌƻǳǘƛƴe and offer limited knowledge as to where 

officers are located during a large portion of their shifts.   

This lack of information on where officers are when not responding to calls for service or 

crime hampers efforts to implement two of the most promising policing innovations, Compstat 

and hot spots policing.  One of the tenets of Compstat is being able to more effectively deploy 

police resources (Bratton & Malinowski, 2008; Weisburd, et al., 2003; Weisburd et al., 2001; 

Willis, Mastrofski, & Weisburd, 2007).  But a program like Compstat cannot be fully 

implemented in police agencies if the agencies cannot monitor carefully the allocation of the 

largest proportion of police resourcesτpolice patrol.  άIƻǘ ǎǇƻǘǎέ ǇƻƭƛŎƛƴƎ ǊŜƭƛŜǎ ƻƴ ƛŘŜƴǘƛŦȅƛƴƎ 

problem areas and then deploying additional resources to those areas (Braga &Weisburd, 2010; 

NRC, 2004; Weisburd & Braga, 2006).  Most hot spots policing programs have relied upon 
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special units under specific command control (see e.g., Hope, 1994; Lum et al., 2010; Weisburd 

et al., 2006) or have relied upon researchers to track the amount of police presence in specific 

locations (e.g. Braga & Bond, 2008; Sherman & Rogan, 1995; Sherman & Weisburd, 1995).  But 

if hot spots policing is to become an ordinary part of the patrol effort in police agencies, 

Commanders must be able to track and monitor whether patrol resources are actually being 

brought to hot spots. 

Our study sought to examine these two key gaps in the advancement of recent police 

innovations.  If the police have knowledge about where patrol resources are concentrated in a 

police agency, can police Commanders more successfully manage broad patrol resources?  

Within the context of a Compstat model, can they ensure that crime hot spots gain increased 

levels of patrol?  Finally, if such knowledge were available to the police will that help them to 

prevent crime?  We think that answers to these questions are key to the advancement of 

policing.  Our study is the first, of which we are aware, to test these questions directly. 

In theory, the police have been able to track the location of police vehicles for many years.  

As early as the 1980s, police agencies in the U.S. began to introduce Automated Vehicle Locator 

(AVL) systems.  These systems provide geographic information from vehicles to a central data 

source, something that we are all familiar with in terms of using GPS in our cars.  But while in 

practice the police have had knowledge about the geographic positions of their cars in many 

agencies for a number of years, the development of systems to systematically organize this 

information has lagged behind the technology for locating cars.  And in some sense the police 

did not adopt such technologies to track where the police patrol but rather as a safety feature 

to be able to locate cars in emergencies (Federal Highway Administration, 1997; Larson, Colton, 
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& Larson, 1976; Strandberg, 1993).  Moreover, in most police agencies not all police cars were 

equipped with AVL, and this meant that the agencies would have only partial coverage even if 

they sought to use AVL as a management tool.  Added to this have been objections by many 

police officers and unions to the use of AVL to track officers in the field (Manning, 1992a, 

1992b; Sorensen, 1998).  What this has meant is that despite the technological possibilities for 

AVL in police management, police agencies generally have not been able to use AVL as a 

management tool for deployment. 

Our study provided an opportunity to bring scientific knowledge to whether AVL actually 

would improve the ability of police managers to allocate police officers in the field, and through 

such allocations reduce crime.  We capitalized on the fact that the Dallas Police Department 

(DPD) had introduced AVL technology in almost all of its patrol vehicles (n = 873) by 2000.  

Moreover, the DPD was interested in knowing whether its extensive AVL coverage could be 

capitalized upon in improving the management of patrol resources.  In this sense, Dallas 

provided a unique environment in which to examine the impact of using AVL as a management 

tool upon the allocation of all police patrol activities across the city.  In addition, the DPD 

employs Compstat ŀƴŘ Ƙŀǎ ŀ άŘƛǊŜŎǘŜŘ hot spots ǇŀǘǊƻƭέ ǇƘƛƭƻǎƻǇƘȅ ǿƘŜǊŜ ƛǘ ƛǎ ǘƘŜ 

responsibility of division Commanders to plan tactical patrol allocations for officers.   

In the first phase of our research we developed a method for collecting and integrating AVL 

data with Geographic Information Systems (GIS) data on crime, examined the reliability of AVL 

data by determining anomalous gaps in data when compared to police calls for service and 

crime, and then examined the joint trends observed between police presence and crime in 

police reporting areas (PRAs). The results of these endeavors are documented in the companion 
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Ψ{ƳŀǊǘ tƻƭƛŎŜ 5ŜǇƭƻȅƳŜƴǘ tǊƻƧŜŎǘΥ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ ƻƴ ǘƘŜ ¦ǎŜ ƻŦ !±[ ŦƻǊ 5ŜǇƭƻȅƳŜƴǘΩ 

(Weisburd, Groff, Jones, & Amendola, 2012).  With the knowledge gained in Phase One we 

conducted a randomized experiment to assess whether AVL technology can help to increase 

the efficiency and crime control effectiveness of police patrol.  We focus on two levels of 

analysis, beats, and hot spots.  Beats form the primary unit for allocating patrol resources 

within the city of Dallas.  Hotspots are identified as part of the Compstat process, and we 

examine how AVL influenced the allocation of patrol resources to crime hot spots. 

THE POTENTIAL FOR USING AVL TECHNOLOGY TO IDENTIFY WHERE POLICE ARE 

DEPLOYED 

AVL technology provides a method for identifying where police are located in real time 

across geography. AVL was developed in the 1980s for the transportation industry as a way of 

determining individual vehicle locations for a particular fleet (e.g., buses, delivery services).  The 

methods for determining the location of vehicles for AVL have progressed over the past 30 

years.  Originally, AVL technology used Magnetic Strips, Multi-Lateration, Odometer-Only, 

Signpost-Only, and Loran C systems; but now, Global Positioning Systems (GPS) are the favored 

method for determining location within AVL systems (Cain & Pekilis, 1993; Johnson & Thomas, 

2000). 

AVL systems rely on GPS technology created in the 1980s by the United States Department 

of Defense for military purposes.  Within GPS technology, the two major components are 

satellites and receivers.  Originally, 18 satellites were launched in six different orbits, evenly 

spaced 60 degrees apart and at 20,200 kilometers in altitude.  These satellites transmit on the 
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radio frequencies 1227.60 mHz and 1575.42 mHz.  The 12 hour orbit planes are inclined at 55 

degrees from the Equator and now, with the current allocation of four satellites per orbit (24 

total satellites), the Earth is adequately covered so that positioning can be determined at any 

Ǉƻƛƴǘ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ōȅ ǳǎƛƴƎ ŀ Dt{ ǊŜŎŜƛǾŜǊΦ 

GPS receivers use very simple mathematics in ingenious ways (Thompson, 1998).  In 

describing the inner workings of GPS, Thompson (1998) says that each satellite sends signals on 

each of its frequencies indicating its position and the exact time of the signal.  Signal 

transmission times are recorded in nanoseconds (Dixon, 1999).  The receiver then records the 

differences in the time when it received the signal and the time when the signal was originally 

ǎŜƴǘ ōȅ ǎŀǘŜƭƭƛǘŜ όɲt).  With current technology, GPS accuracy is somewhere between 10 and 20 

meters. 

While the GPS receiver gathers coordinate data on the location of vehicles, without a means 

to capture, store, and analyze that information, it is virtually useless.  The second component to 

an AVL system deals with the data that are captured from the satellite and how those data are 

transmitted to the decision-makers.  One of the most common meǘƘƻŘǎΣ ŀƭǎƻ ǳǎŜŘ ƛƴ 5t5Ωǎ !±[ 

system, is a method called polling, which requires the dispatch center to send a radio wave 

message to the vehicle asking for its location.  The vehicle in-turn sends a message containing 

its geographic coordinates back to the dispatch center.  This cycle repeats, vehicle by vehicle 

until the location of every vehicle in the fleet is known.  

Since there are many companies that provide AVL technology, and because there has been 

very little research on the use of AVL in law enforcement agencies, it is difficult to estimate how 

many agencies are currently using this technology.  In a scan of vendor websites and client lists, 
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we found at least 50 police agencies that use AVL technology.  As early as 1998, a technical 

report prepared for the National Committee on Criminal Justice Technology (Seaskate, 1998) 

highlighted a case study on the use of AVL in the Schaumburg (IL) Police Department.  This 

study claimed ǘƘŀǘ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘΩǎ ǇǊƛƳŀǊȅ objectives in implementing AVL were improved 

response times and increased officer safety.  Of interest is the fact that the Schaumburg Police 

5ŜǇŀǊǘƳŜƴǘ ŜȄǇǊŜǎǎŜŘ ŀ ŘŜǎƛǊŜ ǘƻ ǇŜǊŦƻǊƳ άǳƴƛǘ ŀƴŀƭȅǎƛǎ ǘƻ ƻǇǘƛƳƛȊŜ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘΩǎ 

coverage and place vehicles in high-ŀŎǘƛǾƛǘȅ ŀǊŜŀǎΣέ (Seaskate, 1998, p. 109) although they had 

not, at the time of publishing, conducted any systematic study showing the results of the AVL 

on operations.   

We are not aware of any systematic analysis of the use of AVL to allocate preventive police 

patrol, although there have been a number of evaluations of its potential to manage dispatch in 

response to calls for service (see e.g., Larson 1978; Larson & Franck, 1978; Larson et al., 1977; 

Russo 2006). Since this study began, there have been isolated examples of the use of AVL in 

research, for example, to document whether increased police presence was brought to specific 

areas in the context of assessments of a new hot spots policing strategy (see Telep, Mitchell, 

&Weisburd, In progress).  Nonetheless, it is clear that AVL makes it possible to monitor police 

patrol activities and thus represents an opportunity for police managers to maximize patrol 

resources in cities.  But a key related question is whether maximizing such patrol resources 

would actually have an impact on crime. 
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CAN POLICE PATROL IMPACT CRIME? 

Until the 1970s there was a general assumption among police and police scholars that 

preventive patrol by police was an effective deterrent to crime (Kelling et al., 1974; Olson & 

²ǊƛƎƘǘΣ мфтрΤ tǊŜǎƛŘŜƴǘΩǎ /ƻƳƳƛǎǎƛƻƴ ƻƴ [ŀǿ 9ƴŦƻǊŎŜƳŜƴǘ ŀƴŘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ WǳǎǘƛŎŜΣ 

1967).  As George Kelling and his colleagues wrote in their introduction to their Report on the 

Police FoundaǘƛƻƴΩǎ Yŀƴǎŀǎ /ƛǘy Preventive Patrol Experiment: 

Ever since the creation of a patrolling force in 13th century Hangchow, preventive 
patrol by uniformed personnel has been a primary function of policing.  In 20th 
century America, about $2 billion is spent each year for the maintenance and 

operation of uniformed and often superbly equipped patrol forces.  Police 
themselves, the general public, and elected officials have always believed that the 
presence or potential presence of police officers on patrol severely inhibits criminal 

activity. (Kelling et al., 1974, p. 1) 
 

Preventive patrol in police cars became the main staple of police crime prevention efforts in 

the decades after the Second World War.  !ǎ YŜƭƭƛƴƎ Ŝǘ ŀƭΦ ƴƻǘŜŘ ƛƴ мфтпΥ άόǘύƻŘŀȅΩǎ police 

recruits, like virtually all those before them, learn from both teacher and textbook that patrol is 

ǘƘŜ ΨōŀŎƪōƻƴŜΩ ƻŦ ǇƻƭƛŎŜ ǿƻǊƪέ όYŜƭƭƛƴƎ Ŝǘ ŀƭΦΣ мфтп, p. 1).  The Police Foundation study sought 

to establish whether empirical evidence actually supported the broadly accepted assumptions 

regarding the crime control effectiveness of preventive patrol.  The fact that questions were 

raised about routine preventive patrol suggests that the concerns about the effectiveness of 

the police had begun to impact upon the confidence of police managers.  As Kansas City Police 

Chief Clarence M. Kelley, later to become director of the FBI, said in explaining the need for the 

Yŀƴǎŀǎ /ƛǘȅ 9ȄǇŜǊƛƳŜƴǘΥ άaŀƴȅ ƻŦ ǳǎ ƛƴ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘ ƘŀŘ ǘƘŜ ŦŜŜƭƛƴƎ ǿŜ ǿŜǊŜ ǘǊŀƛƴƛƴƎ, 

equƛǇǇƛƴƎ ŀƴŘ ŘŜǇƭƻȅƛƴƎ ƳŜƴ ǘƻ Řƻ ŀ Ƨƻō ƴŜƛǘƘŜǊ ǿŜΣ ƴƻǊ ŀƴȅƻƴŜ ŜƭǎŜΣ ƪƴŜǿ ƳǳŎƘ ŀōƻǳǘέ 

(Murphy, 1974, p. iv).   
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Kelling and his colleagues, in cooperation with the Kansas City Police Department, took 15 

police beats and divided them up into three groups.  In fƛǾŜ ƻŦ ǘƘŜǎŜΣ ŎŀƭƭŜŘ άǊŜŀŎǘƛǾŜέ ōŜŀǘǎΣ 

άǊƻǳǘƛƴŜ ǇǊŜǾŜƴǘƛǾŜ ǇŀǘǊƻƭ ǿŀǎ ŜƭƛƳƛƴŀǘŜŘ ŀƴŘ ƻŦŦƛŎŜǊǎ ǿŜǊŜ ƛƴǎǘǊǳŎǘŜŘ ǘƻ ǊŜǎǇƻƴŘ ƻƴƭȅ ǘƻ Ŏŀƭƭǎ 

ŦƻǊ ǎŜǊǾƛŎŜέ όYŜƭƭƛƴƎ Ŝǘ ŀƭΦΣ мфтпΣ ǇΦ оύΦ  Lƴ ŦƛǾŜ ƻǘƘŜǊǎΣ ŘŜŦƛƴŜŘ ŀǎ άŎƻƴǘǊƻƭέ ōŜŀǘǎΣ άǊƻǳǘƛƴŜ 

preventive patrol was maƛƴǘŀƛƴŜŘ ŀǘ ƛǘǎ ǳǎǳŀƭ ƭŜǾŜƭ ƻŦ ƻƴŜ ŎŀǊ ǇŜǊ ōŜŀǘέ όYŜƭƭƛƴƎ Ŝǘ ŀƭΦΣ мфтпΣ ǇΦ 

3).  Lƴ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŦƛǾŜ ōŜŀǘǎΣ ǘŜǊƳŜŘ άǇǊƻŀŎǘƛǾŜέ ōŜŀǘǎΣ άǊƻǳǘƛƴŜ ǇǊŜǾŜƴǘƛǾŜ ǇŀǘǊƻƭ ǿŀǎ 

intensified by two to three times its usual level through the assignment of additional patrol 

ŎŀǊǎέ όYŜƭƭƛƴƎ Ŝǘ ŀƭΦΣ мфтпΣ ǇΦ оύΦ  When Kelling and his colleagues published the results of their 

study in 1974 it shattered one of the bedrock assumptions of police practitioners ς that 

preventive patrol was an effective way to prevent crime and increase citizen feelings of safety.  

They concluded simply that increasing or decreasing the intensity of routine preventive patrol 

in police cars did not affect either crime, service delivery to citizens, or citizen feelings of 

security. 

To understand the impact of the Kansas City Study on police managers and researchers, it is 

important to recognize not only that the study examined a core police practice but that its 

methodological approach represented a radical departure from the small scale evaluations of 

police practices that had come earlier.  The Kansas City Preventive Patrol Experiment was a 

social experiment in policing on a grand scale, and it was conducted in a new Foundation that 

had significant resources and was backed by the well-established and respected Ford 

Foundation.  Patrick Murphy, the distinguished police manager, and President of the Police 

Foundation at the time, suggests just how much the Foundation itself saw the experiment as a 

radical and important change in the quality of police research: 
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This is a summary report of the findings of an experiment in policing that ranks 
among the few major social experiments ever to be completed.  The experiment 
was unique in that never before had there been an attempt to determine through 

such extensive scientific evaluation the value of visible police patrol. (Murphy, 
1974, p. iii) 
 

¢Ƙƛǎ ŎƻƴǘŜȄǘΣ ōƻǘƘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭƛǘȅ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎȅ ŜȄŀƳƛƴŜŘΣ ǘƘŜ άǉǳŀƭƛǘȅέ ŀƴŘ 

scale of the research, and the prestige of the institutions that supported the study, including 

the Kansas City Police Department and its Chief Clarence Kelly, were to give the findings of the 

study an impact that is in retrospect out of proportion to the actual findings.  One study in one 

jurisdiction, no matter how systematic, cannot provide a comprehensive portrait of the effects 

of a strategy as broad as routine preventive patrol.  Besides, the evidence, even at the time, 

was mixed.  Two studies, for example, both using weaker quasi-experimental designs, 

suggested that random preventive patrol can have an impact on crime (Dahmann, 1975; Press, 

1971). Additionally, the study design was to come under significant academic criticism in later 

years (Larson & Cahn, 1985; Minneapolis Medical Research Foundation, 1976; Sherman & 

Weisburd, 1995).  A key element of this criticism was that the researchers and police in Kansas 

/ƛǘȅ ŘƛŘ ƴƻǘ ƪƴƻǿ ǿƘŜǘƘŜǊ ƛƴ ŦŀŎǘ ǘƘŜ άŘƻǎŀƎŜέ ƛƴ ǘƘŜ ōŜŀǘǎ ǘƘŀǘ ǿŜǊŜ ŜȄǇŜŎǘŜŘ ǘƻ Ǝŀƛƴ ƎǊŜŀǘŜǊ 

patrol was in fact higher, or whether the dosage in the beats with lowered preventive patrol 

was actually lower (Sherman & Weisburd, 1995).  This is because the police knew where they 

had dispatched more cars, but they could not measure whether this actually led to significant 

increases in the patrol time spent in any particular beat.   

Another explanation for why the Kansas City Preventive Patrol Experiment failed to show a 

deterrent effect of preventive patrol was brought by Sherman and Weisburd (1995, p. 629): 
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The premise of organizing patrol by beats is that crime could happen 
anywhere and that the entire beat must be patrolled.  Computer-age 

ŘŀǘŀΣ ƘƻǿŜǾŜǊΣ ƘŀǾŜ ƎƛǾŜƴ ƴŜǿ ǎǳǇǇƻǊǘ ǘƻ IŜƴǊȅ CƛŜƭŘƛƴƎΩǎ όώмтрмϐ мфттύ 
eighteenth century proposal that police pay special attention to a small 
number of locations at high risk of crime.  If only 3 percent of the 

addresses in a city produce more than half of all the requests for police 
response, if no police cars are dispatched to 40 percent of the addresses 
and intersections in a city over one year, and, if among the 60 percent 
with any requests, the majority (31%) register only one request per year 

(Sherman, Gartin, & Buerger, 1989), then concentrating police in a few 
locations makes more sense than spreading them evenly throughout a 
beat. 

 

/ƻƛƴƛƴƎ ǘƘŜ ǘŜǊƳ άƘƻǘ ǎǇƻǘǎ ǇƻƭƛŎƛƴƎέ {ƘŜǊƳŀƴ ŀƴŘ ²ŜƛǎōǳǊŘ ŀǊƎǳŜŘ ǘƘŀǘ ǘƘŜ ǇƻƭƛŎŜ ǎƘƻǳƭŘ 

not water down the dosage of police patrol across entire beats, but should focus it upon the 

specific places where crime was concentrated.  Subsequent studies have reinforced Sherman 

ŀƴŘ ²ŜƛǎōǳǊŘΩǎ ƻōǎŜǊǾŀǘƛƻƴǎΣ ǎƘƻǿƛƴƎ ŀ ŦŀƛǊƭȅ Ŏƻƴǎǘŀƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ŎǊƛƳŜ ƛƴ ŎƛǘƛŜǎ ŀǘ ŀ 

relatively small number of places.  Indeed, Weisburd, Groff, and Yang (In press) argue that 

ǘƘŜǎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǊŜ ǎƻ ŎƻƴǎƛǎǘŜƴǘ ŀŎǊƻǎǎ ǘƛƳŜ ŀƴŘ ŀŎǊƻǎǎ ŎƛǘƛŜǎ ǘƘŀǘ ǿŜ Ŏŀƴ ŀǎǎǳƳŜ ŀ άƭŀǿ 

ƻŦ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŎǊƛƳŜ ŀǘ ǇƭŀŎŜΦέ  CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ aƛƴƴŜŀǇƻƭƛǎΣ {herman et al. (1989) found 

that 3.3% of the addresses were responsible for 50% of the crime calls to the police.  Pierce et 

al. (1986) found that 3.6% of the addresses produced 50% of crime calls in Boston.  Such crime 

concentrations are also found in cities outside the U.S.  Weisburd and Amram (In press) for 

example, found that 5% of the street blocks in Tel Aviv produced 50% of the crime incidents.  

Weisburd et al. (2004) illustrated not only that crime is concentrated in Seattle at street blocks 

at similar levels, but that such concentrations were consistent across a long time series.  They 

found that 50% of the crime was concentrated at about 5% of street segments each year for the 
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14 years studied.  And about 1% of the street blocks in Seattle were chronic crime hot spots 

responsible for 23% of the crime over a 14 year period. 

Sherman and Weisburd (1995) tested their theory about patrolling crime hot spots in 

Minneapolis in a large randomized field trial supported by the National Institute of Justice.  The 

results of the Minneapolis Experiment stood in sharp distinction to those of the earlier Kansas 

City study. The study design was extremely strong including randomization of 110 crime hot 

spots of about a city block to treatment and control conditions. The treatment sites received on 

average between two and three times as much preventive patrol as the control sites.  For the 

eight months in which the study was properly implemented, there was a significant and stable 

difference between the two groups both in terms of crime calls to the police and observations 

of disorder in those areas.  Crime, or at least crime calls and disorder, appeared to be 

prevented in the treatment as opposed to the control locations.  Sherman and Weisburd (1995, 

p. спрύ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜƛǊ ǊŜǎǳƭǘǎ ǎƘƻǿ άŎƭŜŀǊΣ ƛŦ ƳƻŘŜǎǘΣ ƎŜƴŜǊŀƭ ŘŜǘŜǊǊŜƴǘ ŜŦŦŜŎǘǎ ƻŦ 

ǎǳōǎǘŀƴǘƛŀƭ ƛƴŎǊŜŀǎŜǎ ƛƴ ǇƻƭƛŎŜ ǇǊŜǎŜƴŎŜ ƛƴ ŎǊƛƳŜ Ƙƻǘ ǎǇƻǘǎΦέ  They noted that it was time for 

άŎǊƛƳƛƴƻƭƻƎƛǎǘǎ ǘƻ ǎǘƻǇ ǎŀȅƛƴƎ ΨǘƘŜǊŜ ƛǎ ƴƻ ŜǾƛŘŜƴŎŜΩ ǘƘŀǘ ǇƻƭƛŎŜ ǇŀǘǊƻƭ Ŏŀƴ ŀŦŦŜŎǘ ŎǊƛƳŜέ 

(Sherman & Weisburd, 1995, p. 647).  

Subsequent studies of hot spots policing have provided strong support to the idea that 

focusing police activities at places where crime is concentrated is an effective crime prevention 

approach.  As the NRC (2004, p.250) review of police effectiveness noted: άǎǘǳŘƛŜǎ ǘƘŀǘ ŦƻŎǳǎŜŘ 

police resources on crime hot spots provided the strongest collective evidence of police 

ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǘƘŀǘ ƛǎ ƴƻǿ ŀǾŀƛƭŀōƭŜΦέ A Campbell systematic review by Braga (2007) reached a 

similar conclusion; the vast majority of hot spots studies show significant positive results, 
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suggesting that when police focus in on high crime small geographic areas, they can 

significantly reduce crime in these locations (see also Braga, Papachristos, & Hureau, under 

ǊŜǾƛŜǿύΦ  Lƴ .ǊŀƎŀ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΩ (under review, also see Braga, 2005, 2007) recent meta-

analysis of experimental studies, they found an overall moderate mean effect size, suggesting a 

significant benefit of the hot spots approach in treatment as compared to control areas.  As 

Braga (2007, p.муύ ŎƻƴŎƭǳŘŜŘ άŜȄǘŀƴǘ ŜǾŀƭǳŀǘƛƻƴ ǊŜǎŜŀǊŎƘ ǎŜŜƳǎ ǘƻ ǇǊƻǾƛŘŜ ŦŀƛǊƭȅ Ǌƻōǳǎǘ 

ŜǾƛŘŜƴŎŜ ǘƘŀǘ Ƙƻǘ ǎǇƻǘǎ ǇƻƭƛŎƛƴƎ ƛǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ŎǊƛƳŜ ǇǊŜǾŜƴǘƛƻƴ ǎǘǊŀǘŜƎȅΦέ  LƳǇƻǊǘŀƴǘƭȅΣ ǘƘŜǊŜ 

was little evidence to suggest that spatial displacement was a major concern in hot spots 

interventions.  Crime did not simply shift from hot spots to nearby areas (see also Weisburd et 

al., 2006).  

But the evidence about the effectiveness of the use of generalized patrol resources for hot 

spots policing is still emerging.  Most of the subsequent hot spots studies involved special units 

that were assigned to hot spots, and utilized some type of problem-oriented policing strategy.  

The Minneapolis experiment showed that if significant increases of preventive patrol were 

brought to crime hot spots, they would evidence less crime than control locations.  Similarly, in 

a recent randomized experiment in Sacramento, California, (Telep, Mitchell, &Weisburd, under 

review) showed that patrol resources that were focused on hot spots for random 15 minute 

intervals (following Koper, 1995) would produce lower crime at treatment locations than 

control locations in the city.  A randomized study in Jacksonville, Florida, also found a positive 

impact for preventive patrol at hot spots in the study sample, though the overall results were 

not statistically significant (Bruce, Koper, & Woods, 2011).  But a key question that has not been 

examined by prior studies is whether a standard directed patrol strategy at hot spots in a city 
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would be aided by routine information provided on how much time police are spending in 

specific areas and specific hot spots.  In Dallas, Texas, the Police Foundation provided such 

information to police managers.   

RESEARCH QUESTIONS: 

Our study sought to increase knowledge in the two key research areas identified above.  

While police scholars now agree widely that preventive patrol over larger areas is not effective 

(Weisburd & Eck, 2004; Bayley, 1994), the introduction of AVL technology allowed us to see 

whether providing police managers with detailed information on actual patrol dosage would 

allow for more effective allocation of patrol in beats and following this significant impacts on 

crime.  This broad research concern led us to ask four specific research questions at the beat 

level: 

1) Does knowledge about actual police patrol time influence the time that police 
managers expect patrol cars to spend in patrol beats under their supervision? 

Absent prior knowledge about how AVL information influences police managers, we sought 

as a first concern to examine whether simple expectations of patrol time would change when 

managers gained accurate information regarding how much time officers spent in their beats.  

For example, does such knowledge lead Commanders to believe that they should have more 

time, or less time on preventive patrol? 

2) Does knowledge about actual police patrol influence the amount of patrol delivered 
in a beat area? 

We began with the assumption that knowledge about patrol delivered in a period 

immediately before allocations of patrol resources were made would aid managers in more 
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efficiently and effectively managing preventive patrol.  The logic here was that knowledge 

about actual police patrol would provide a management tool for holding officers accountable.  

In a police agency where accountability mechanisms such as Compstat were in place, this 

knowledge could be used to make sure that the patrol force was actually following the dictates 

of police Commanders.  It is important to note that in Dallas, the system developed also tried to 

systematically match crime problems in beats with patrol presence. 

3) Does knowledge about actual police patrol allow managers to gain greater 

consistency between the amounts of patrol that they request in any police beat with 
the actual amount of patrol delivered? 

If police managers have access to an accountability mechanism that tells them whether the 

amount of patrol gained in any beat area was consistent with what they requested, we 

anticipated that the result would be a stronger consistency between patrol expectations and 

patrol delivery in a beat.  We expected that police managers could use such information to 

better regulate patrol resources, and accordingly to gain greater consistency between what 

they requested and what was actually done by patrol officers. 

4) Does knowledge about actual police patrol lead to crime reductions in the 
experimental beats? 

A key question for any innovation in policing is whether it actually aids the police in its job 

of preventing and controlling crime.  Our assumption here was that if AVL aided police 

managers in more effectively and efficiently allocating police patrol, it would also impact upon 

crime rates.  We checked this even though admittedly the research evidence for the 

relationship between police presence and crime is weak at areas as large as beats.   
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As noted above, we also wanted to test whether AVL technologies could be used to 

enhance the effectiveness of hot spots policing.  Directed patrol approaches have become a 

standard feature of modern American police agencies (Bureau of Justice Statistics, 2007; 

Kochel, 2011; Weisburd & Lum, 2005).  We thought AVL provided an opportunity to more 

effectively apply hot spots approaches using broad patrol resources.   

We examined four additional research questions at the level of hot spots: 

5) Does knowledge about actual police patrol influence the time that police managers 
expect patrol cars to spend in directed patrol areas in their beats? 

Does AVL knowledge about patrol lead to a change in the amount of time that managers 

expect patrol officers to spend in hot spots locations?  Again, knowledge about the reality of 

police preventive patrol might lead Commanders to change their expectations regarding how 

much patrol they could successfully bring to hot spots in their beats. 

6) Does knowledge about actual police patrol influence the amount of actual patrol 
delivered in a hot spot area? 

We assumed, as was the case for beat area allocations, that knowledge about patrol 

delivered in a period immediately before allocations of patrol resources were made would aid 

managers in more efficiently and effectively managing preventive patrol in the following week.  

This again presumes that knowledge about where the police are will help Commanders to 

manage patrol resources more efficiently and effectively. 

7) Does knowledge about actual police patrol allow managers to gain greater 
consistency between the amount of patrol that they request in any directed patrol 
area and the actual amount of patrol delivered? 

If police managers have access to an accountability mechanism that tells them whether 

the amount of patrol gained in any hot spot area was consistent with what they requested, we 
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expected that the result would be a stronger consistency between expectations of patrol that 

would be delivered and actual patrol delivery at that place. 

8) Does knowledge about actual police patrol at hot spots lead to crime reductions in 
the directed patrol areas in the experimental beats as contrasted with the control 
beats?  

Given the strong prior evidence about hot spots policing, we assumed that if AVL led to 

increased time spent at crime hot spots it would also lead to lower crime rates in those areas. 

 

EXPERIMENTAL DESIGN 

THE STUDY SITE AND EXPERIMENTAL PERIOD 

We designed the experiment in collaboration with the Dallas (Texas) Police Department 

(DPD).  Dallas is the third-largest city in the state of Texas and as of 2010, the ninth largest 

(based on population) in the United States (U.S. Census, 2010).  Dallas and its surrounding area 

are mostly flat lying at an elevation ranging from 140 to 170 m which reduces the likelihood of 

AVL dead spots due to topography.  The city has a majority white (approximately 51%) 

population of approximately 1.2 million people (U.S. Census, 2010) that sprawls over 385 

square miles.  The city is the main cultural and economic center of the Dallas-Fort Worth-

Arlington metropolitan area.  The DPD has approximately 3,266 sworn officers and 617 civilians 
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who are spread out throughout the seven divisions.  The violent crime rate for 2010 was 7.01 

per 1,000 residents.2 

The DPD has been using AVL technology since 2000 and has AVL installed in virtually all 

ǇŀǘǊƻƭ ŎŀǊǎΣ ŎǳǊǊŜƴǘƭȅ уто ǾŜƘƛŎƭŜǎΦ  ¢ƘŜ 5t5 Ƙŀǎ Řŀǘŀ ŀǊŎƘƛǾŜŘ ōŀŎƪ ǘƻ ǘƘŜ !±[ ǇǊƻƎǊŀƳΩǎ 

inception.  Ample time has elapsed to address various issues including possible obstruction by 

officers of AVL technology, and officer/union resistance based on AVL technology being a 

possible threat to their personal freedoms on the job due to its ability to capture and monitor 

GPS data. Through various discussions with IT staff and other personnel at DPD, there has been 

no indication that these issues still remain.  

A marked benefit of using Dallas as our experimental site is that the department has 

fully implemented Compstat with routine meetings for assessing crime problems.  Compstat 

provides a management strategy to hold division Commanders accountable for deployment and 

crime control in their respective districts.  DPD essentially operates two versions of Compstat 

including a division-wide meeting which is held every Tuesday and a department-wide meeting 

every Thursday.  In the divisional meetings, the watch Commanders, sergeants, or other 

designees report to the division Commander about their respective watch and related crime 

stats, as well as details about specific beats, sectors, etc.  In the department-wide weekly 

meetings, each division Commander (or designated division representative) reports to the Chief 

                                                             

 

2Part I violent crimes in the FBI Uniform Crime Reports (2010) are murder, rape, robbery, and aggravated assault.  
In 2010, Dallas was 19th out of the 58 largest cities reporting to UCR (excludes Chicago, IL). 
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about particular activity and/or operations going on within their respective division.  In 

addition, a short segment is periodically allotted during this meeting for a specific guest who is 

allowed to speak about a particular issue or concern to the command staff, which serves as a 

form of community engagement on behalf of DPD. 

5t5 Ƙŀǎ ŀ άŘƛǊŜŎǘŜŘ ǇŀǘǊƻƭέ ǇƘƛƭƻǎƻǇƘȅ ǿƘŜǊŜ ƛǘ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ŘƛǾƛǎƛƻƴ 

Commanders to actively manipulate patrol to meet emerging problems and this process is 

reviewed weekly.  The underpinnings of this philosophy include the conceptual idea that a car 

ƻǊ ŀƴ άŜƭŜƳŜƴǘέ should be available to service each beat at all times when possible to provide 

efficient response time to calls for service.  Emerging problems are quickly identified and 

evaluated by the weekly stats compiled by their crime analysis division which includes several 

crime analysts, a database analyst, and GIS specialists.  The Commanders identify specific areas 

or hot spots that need additional patrol resources on the basis of geographic and temporal 

crime information and routinely request that additional resources are sent to those places.  

Since the DPD has a nested hierarchy of geographic units, the first decision involved 

ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ΨōŜǎǘΩ ǳƴƛǘ ŀǘ ǿƘƛŎƘ ǘƻ ŎƻƴŘǳŎǘ ǘƘŜ ŀǊŜŀ ƭŜǾŜƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ  ¢ƘŜ 

research team and DPD command staff met two separate times to discuss the relative merits of 

police beats versus police reporting areas as the experimental units in the study.  During those 

conversations we learned the Dallas Police Department uses Staff Wizard® software to conduct 

yearly patrol allocation of patrol resources. The software factors in calls for service, crime, and 

overall numbers of officers to achieve the optimum level of patrol for each beat.  Each Division 

Commander then makes beat level deployment decisions using the allocated number of patrol 

officers.  While the Division Commanders have ultimate control of the allocation, operationally 



| 19 
 

it is the division Lieutenants or Sergeants who make the weekly staffing decisions about which 

beats will get more or less police presence.  Given the focus on beats in deployment decisions, 

we decided to design the first level of our experiment around beat level changes in 

deployment.  

After those initial meetings, we worked directly with one Deputy Chief and one Lieutenant 

to get the experiment underway.  During the course of the experiment, members of the 

research team made several visits to DPD.  The goal of some trips was to provide training to 

Sergeants on filling out the deployment forms and other trips were made to interview 

Lieutenants and Deputy Chiefs regarding their use of AVL to aid with deployment decisions.  

While the major decisions about overall deployment of patrol officers are made at the beat 

level, each Division within DPD holds weekly Compstat meetings to discuss emerging crime 

problems and evaluate on-going ones.  As part of that meeting they routinely identify problem 

places in need of additional police attention.  This identification of problem places is the key to 

our hot spots analyses.  After negotiation with the DPD it was agreed that in each Division and 

in each watch (there are three main watch times per day) police Commanders would document 

up to five pressing problem areas that required additional preventive patrol resources.3  They 

would also identify the number of hours that officers were to be assigned to those areas (see 

below). 

                                                             

 

3 In discussions with the PD it was agreed that asking for division commanders to document more than five problems 
would threaten the integrity of the reporting system, since it would create a burden for the division commanders.  
A limit of five problems was seen as a sufficient number for each division, watch and weekly assignment.  In practice, 
division commanders could assign more than five hot spot areas.   
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As in other police departments there were many other initiatives underway in Dallas at the 

time of our experiment.  However, because of the randomization of beats to treatment and 

control we expect the likelihood of such initiatives affecting beats would be systematically biased.   

The experiment was originally designed to last 16 weeks.  However, with four weeks left to 

go, we were informed that the Chief of Police planned to leave the department before the full 

intervention period could be completed.  Given the upheaval that frequently accompanies a 

change in leadership; we decided to end the experiment after 13 weeks of full study 

implementation (March 22 to June 21, 2010).  We believe that 13 full weeks of data was 

enough to allow for a meaningful assessment of the interventions, an assumption which is 

borne out by the study results below.4  

STUDY UNITS OF ANALYSIS: BEATS AND HOT SPOTS 

The DPD is broken into seven (7) patrol divisions and the study used 232 beats out of 234 

(see Figure 1).  Two beats were deleted from the study because they were composed primarily 

of water.  The Southeast patrol division has the most beats at 42 beats followed by Northeast 

(41) Southwest (37), South Central (32) Northwest (30), Central (29), and North Central (21). 

The beats are realigned every few years.  The last major realignment was done in October of 

2008.  As a result the study uses the 2009 beat boundaries.  Assignments are given to officers 

by beats.  Some factors that are taken into consideration when realigning beats include 

                                                             

 

4 We collected 13 weeks of data for both the beat experiment and the Compstat hot spots test.  One week of hot 
spots data was corrupted and had to be dropped leaving 12 week of data for that portion of the research. 
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workloads and how many minutes, on average, are spent per call.  In Dallas, beats are on 

average about 1.40 square miles and range from .13 to 8.84 square miles. Crime varies 

dramatically across the 232 beats.  For example, in 2009 the total crime ranged from 162 to 

1,714 across the beats.  This wide disparity in the intensity of crime in the districts led us to 

define crime trends as a ƪŜȅ άōƭƻŎƪƛƴƎέ ŦŀŎǘƻǊ ŦƻǊ ƻǳǊ ǎǘǳŘȅ όǎŜŜ ōŜƭƻǿύ. 

For the purposes of the experiment, the hot spot areas identified during Compstat meetings 

as candidates to receive directed patrol area were supposed to be very small geographic areas.   

For example, a hot spot in this case would be defined as a single intersection, or a single street 

segment.  In practice, Commanders sometimes defined long address ranges such as the 100 to 

700 block of a particular Avenue.  When such data were provided we broke up the range to 

smaller geographic units.  For example, we would identify seven specific hot spot areas for the 

example above, consistent with the specific hundred block street segments.  In the following 

week the Commander would receive patrol and crime statistics on the specific street segments 

in the areas identified. 
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Figure 1:  Police divisions and beats in Dallas, TX 
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QUANTIFYING POLICE PRESENCE USING INTENDED DEPLOYMENT 

A key issue in our study is the impact of AVL on expectations regarding the deployment of 

patrol resources.  Accordingly, we needed to develop mechanisms for collecting data on how 

much time police Commanders expected patrol officers to spend in specific areas. Following 

our research questions, we measured intended deployment at two levels of analysis, beat and 

hot spot.  

MEASURING BEAT LEVEL DEPLOYMENT 

Beat level intended deployment information was collected via a computer information 

system developed as a collaborative effort between the Police Foundation research team and 

5t5Ωǎ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅ 5ƛǾƛǎƛƻƴΦ ¢ƘŜ ŘŜǇƭƻȅƳŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ǿŀǎ ŀ ǿŜō-based, intranet 

application (only accessible by department personnel) developed to obtain information about 

planned allocation of resources (i.e., cars) during the experimental period (see Figure 2).  The 

Ƴŀƛƴ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ƳƻŘǳƭŜ ǿŀǎ ǘƻ ǘǊȅ ǘƻ ŎŀǇǘǳǊŜ ǊŜŀƭ ƻǇŜǊŀǘƛƻƴŀƭ ŦƛƎǳǊŜǎ ƻǊ άŘŜǇƭƻȅƳŜƴǘ 

ŜǎǘƛƳŀǘŜǎέ ŀōƻǳǘ Ƙƻǿ ŜŀŎƘ ŘƛǾƛǎƛƻƴ ǇƭŀƴƴŜŘ ǘƻ ŀƭƭƻŎŀǘŜ ǘƘŜƛǊ ŜƭŜƳŜƴǘǎκǇŀǘǊƻƭ ŎŀǊǎ ŘǳǊƛƴƎ ŜŀŎƘ 

shift on a daily basis.  This information was later quantified and used to inform the Deployment 

Tracking Report described in the next section. Each day DPD personnel entered the patrol 

deployment they intended to achieve based on the resources available.5 

                                                             

 

5 While beat level deployment decisions were made at the Lieutenant and Sergeant levels, the task of entering the 
data into the automated system typically fell to Administrative Sergeants.  The day was split into three equal time 
periods, 0800 to 1559, 1600 to 2359, 2400 to 0759.  However, as is the case in many police departments, DPD runs 
five overlapping shifts.  Overlapping shifts were allocated using a standard formula (see Appendix A). 
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Figure 2:  Sample Deployment Module Entry 

 

MEASURING HOT SPOT LEVEL DEPLOYMENT 

Information about patrol allocations to hot spots originated in the weekly Compstat 

meetings held by each Division Commander.  After problem places/hot spots were identified in 
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the meeting, the Division Commanders requested specific amounts of increased attention to 

those places.  We worked with DPD personnel to create a form capable of capturing this 

ŘȅƴŀƳƛŎ ŀƭƭƻŎŀǘƛƻƴ ƻŦ ǇƻƭƛŎŜ ǊŜǎƻǳǊŎŜǎ ǿƘƛŎƘ ΨŦƛǘΩ ƛƴǘƻ ǘƘŜƛǊ ŎǳǊǊŜƴǘ ǿƻǊƪŦƭƻǿΦ  ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ 

this form was to get both a qualitative and quantitative understanding of how much time the 

department wanted to spend on each of these places or intersections they listed, the type of 

problem(s) occurring, and the type of attention (i.e., surveillance, directed patrol, traffic 

enforcement) planned to address the problem(s).  The result of those collaborations was the 

Ψ/ƻƳǇǎǘŀǘ ¢ŀǊƎŜǘ CƻǊƳΩ ƻƴ ǿƘƛŎƘ ǘƘŜȅ ƭƛǎǘŜŘ ǘƘŜ ǘƻǇ ǇƭŀŎŜǎ ƻǊ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘ όƴƻ ƳƻǊŜ 

than five total allowed) that each division and each watch were planning to focus on each week 

based on crime activity and other department priorities (see Figure 3).  These forms were 

collected for all five watches, however 4th and 5th watch entries were collapsed into whichever 

watch they selected as their primary watch in terms of command.6  The forms were usually 

completed by either the Division Commanders, Administrative Lieutenants, or other designated 

personnel. In the case where Commanders identified large geographic areas as directed patrol 

areas, we not only divided up the areas into smaller hot spots, but also divided up the number 

of hours of patrol according to the number of hot spots identified. 

 

 

                                                             

 

6 In most cases the 4th watch reported to the 3rd watch commander staff so the designated officer would have 
selected the 3rd watch option on the target form they submitted.  Other 4th watch officers reported primarily to the 
1st watch command staff; thus, the designated officer would have selected the 1st watch option on the target form. 
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Figure 3:  Compstat Target Form 

  



| 27 
 

QUANTIFYING ACTUAL POLICE PRESENCE USING AVL MEASURED DEPLOYMENT 

Automated Vehicle Locator (AVL) technology allows us to capture GPS data, which gives us a 

unique measure of police presence.  These data include latitude/longitude position, speed of 

the vehicle, and a unique vehicle identification number.  When vehicles are stationary, a data 

point is created every 15 seconds.  As a vehicle begins to move, a data point is created for every 

300 meters that the vehicle travels.  The challenge to using AVL is transforming the volume of 

raw coordinates into actionable information that is immediately useful (Groff, 2009).   

The Dallas Police Department wrote a program which aggregates time spent by police 

officers in quarter mile (1,320 foot) square grid cells that covered the city.  Department 

personnel ran this program and supplied the research team with aggregated time spent in each 

beat and each grid cell.7  Actual police presence was measured via AVL data collected from the 

patrol vehicles.  AVL measured data (police presence data) included the following:  Assgn 

(assigned), Enr (en route), At Scene, Assgn 2nd Loc (assigned to second location), Enr 2nd Loc 

(en route to second location), At Scene 2nd Loc, To Fac (to facility), MA (multi-assign), Clear 

(available to take calls).8 

                                                             

 

7 We attempted to use geographic information systems to measure the elapsed time spent in each police reporting 
area (PRA) but the complexity of the program meant it ran very slowly.  Instead we used a program written by Lt. 
wǳǇŜǊǘ 9Ƴƛǎƻƴ ƛƴ ǘƘŜ /ƘƛŜŦΩǎ hŦŦice of DPD.  More details about the methodology he used are available in the 
companion methodology report (Weisburd, Groff, Jones, & Amendola, 2012). 
8 During the first two weeks of the experiment, only calls designated as "At Scene","Enr" and "To Fac" were used to 
delineate Call Time.  In Week 3, we began using an expanded definition contained in the text.  Throughout the 
experiment, we excluded time with the following status codes:  "Station" and "OOS" and "At Fac".  Any analyses 
ǿƘƛŎƘ ŘƛǎŎǳǎǎ ΨŘƛǎŎǊŜǘƛƻƴŀǊȅ ǘƛƳŜΩ ǾŜǊǎǳǎ ΨǘƛƳŜ ƻƴ ŎŀƭƭǎΩ ǳǎŜ ǘƘŜ ǎǘŀǘǳǎ ŎƻŘŜ άClear" to represent free time.  Data do 
not contain information about marked elements from the Gang Unit, Traffic Unit, SWAT Unit, Disruption Unit, and 
Auto Theft Unit.   
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 Beat and hot spot level police presence were measured using the previously mentioned 

grid of quarter mile cells.  Police presence was first aggregated to the grid using the pings from 

the carΩǎ AVL.  If two subsequent pings were in the same grid cell, the intervening time period 

was assigned to the grid cell.  When pings crossed from one grid cell to another the amount of 

time was assigned proportionately to each cell using geometry and trigonometry.  The amount 

of time spent by patrol cars in each grid cell was summed to represent grid cell level police 

presence.  Beat level police presence was calculated by aggregating the grid cells within each 

beat.9 

AVL measured patrol constituted our primary measure of police patrol presence.  The 

measure itself allowed us to differentiate between discretionary time and time when the 

officers were assigned to a call.  It is important to note that the measure captures all police 

presence in a beat (not just that of the officers assigned to a beat).  DPD has AVL technology in 

virtually every patrol car; thus, this is a measure of activity by marked police units.10 

TOTAL CRIME 

Total crime included all homicide, rape, robbery, aggravated assault, burglary, theft, 

unauthorized use of motor vehicle (UUMV), auto theft, burglary of motor vehicle (BMV), 

                                                             

 

9 Because beat boundaries follow streets and grid cell boundaries do not, there was not an exact match.  Grid cells 
were assigned to beats containing the largest proportion of the grid cell area. 

10 It is important to note that patrol cars are sometimes used for special operations (deployment other than patrol) 
and as such patrol cars on these duties would be included in our measure of police presence.  Because they are 
marked cars, they still contribute to the level of visual police presence at a place.     
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narcotics/drugs, vandalism/criminal mischief, and assault.  DPD's Crime Analysis Unit geocodes 

all offense reports and arrest reports and they have a geocoding hit rate of 99% after data 

cleaning.  They attribute this high hit rate to a clean, accurate street centerline file that is 

shared and maintained by the city government.  To account for cases of property crime for 

which an exact time of occurrence was unknown, we conducted an aoristic analysis of the total 

crime data.11  We used total crime data for 2009 as the basis for establishing the blocking 

scheme.  We also used total crime as an outcome measure in the evaluation of whether AVL 

measured feedback on deployment achieved would reduce crime. 

We measured crime using two distinct time periods.  One time period was represented as a 

seven day week (Monday ς Sunday) and the other a five day week (Wednesday ς Sunday).  

Since deployment decisions were made during a Tuesday Compstat meeting, the five day week 

reflected the days immediately after a deployment was changed.  The seven day week 

represented the entire time until new information was received and the deployment potentially 

changed.   

CREATING EXPERIMENTAL BLOCKS USING TRAJECTORY ANALYSIS OF TOTAL CRIME 

As noted above, our initial analysis of crime data in Dallas showed that crime rates varied a 

good deal between the beats.  Such large variation in the baseline for a key indicator that was 

also strongly correlated to patrol allocations led us to use a block randomized design for our 

                                                             

 

11 Aoristic analysis involves spreading the crime risk equally across the hours of the time span by assigned each hour 
a portion of the probability the crime occurred in that time period (for more details see Ratcliffe, 2000, 2002). 
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study (Gill & Weisburd, In Press; Weisburd & Gill, In Progress; Weisburd & Taxman, 2000).  

Block randomized designs allow a researcher to increase confidence in the equivalence of study 

groups in an experiment, by first defining broad categories of cases and then randomizing units 

within those categories.  For example, in our case if we could identify beats with similar crime 

trends, we could randomly allocate equally beats in groups that reflected similar trajectories of 

crime over time.  This approach also has the benefit of increasing the statistical power of a 

study (Gill &Weisburd, In Press; Weisburd & Gill, In Progress). 

We relied upon group-based trajectory analysis (Nagin, 1999; Nagin & Land, 1993; Nagin & 

Tremblay, 2005) as a technique for identifying broad groupings of beats for randomization in 

our study.  Formally, the model specifies that the population examined is comprised of a finite 

number of groups of individuals who follow distinctive developmental trajectories.  Each group 

is allowed to have its own offending trajectory (essentially a chart of offending rates 

throughout the time period) described by a distinct set of parameters that are permitted to 

vary freely across groups.  This type of model has three key outputs: the Bayesian Information 

Criterion (BIC), the estimated proportion of the population belonging to each group (also called 

the odds of correct classification (OCC)), and the posterior probability of belonging to a given 

group for each individual in the sample.  The posterior probability, which is the probability of 

group membership after the model is estimated, can be used to assign an individual to a group 

based on their highest probability.  In this context, the posterior probability describes the 

likelihood that any beat would fall within a specific trajectory (for more technical detail 

regarding the trajectory analysis, please see Appendix 1). 
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Trajectory analysis is less efficient than linear growth models but allows for qualitatively 

different patterns of behavior over time.  There is broad agreement that delinquency and crime 

is one such case where this group-based trajectory approach might be justified, in large part 

because not everyone participates in crime, and people appear to start and stop at very 

different ages (Muthen & Muthen, 2000; Nagin & Tremblay, 1999; Nagin, 2005; Raudenbush, 

2001).  Originally developed for application to individuals, group-based trajectory analysis was 

first applied to micro-level places by Weisburd et al. (2004) and Griffiths and Chavez (2004).  

Using weekly total crime data for 2009, we employed group-based trajectory analysis to 

identify groups of beats based on total crime figures.12 

We identified four different developmental groups at beats in 2009 (Figure 4).13  One group 

represents beats which have very low weekly crime levels.  This very low crime group has 21 

beats (9.8%) in it and its members experienced roughly three crimes to six crimes per week.  

The 94 low crime beats (40.3%) ranged from a low of six to a high of nine crimes per week.  The 

medium crime group contains the largest number of beats (n = 100, 42.6%) and ranges from 9.5 

to just over 13 crimes per week.  Seventeen beats (7.3%) were significantly higher than the 

medium crime group ranging from 15 to 25 crimes per week.   

                                                             

 

12 The analysis complexity and number of trajectories may be dramatically affected by the time unit of analysis 
chosen for the trajectory analysis; because our research focused on weekly deployment decisions, we conducted 
trajectory analysis using aggregate measures for each beat by week for 2009.  We feel that this time unit provides 
accurate findings which also correspond with our intervention, for which we provided weekly police presence 
measures to police commanders (see discussion later in regards to άƴŜǿέ ŘŜǇƭƻȅƳŜƴǘύΦ 
13We used ProcTraj in SAS to conduct the trajectory modeling.  Zero-inflated Poisson models truncated at 35 crimes 
per beat per week were applied to the data.  After diagnostic testing, we determined quadratic models fit better 
than linear or cubic ones.  Extensive sensitivity testing was conducted using a number of groups ranging from two 
to nine.  The best fitting solution was provided using four groups (see Appendix 1 for more detail).   
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Figure 4:  Results of the Trajectory Analysis on Total Crime 

 

 

Figure 5 depicts the spatial distribution of the beats using their trajectory classification.14  

Members of the very low crime trajectory group are spread out across the city with a cluster 

                                                             

 

14While trajectory analysis is useful in grouping beats by temporal crime pattern, it is unable to examine the spatial 
pattern of group members. We used a variety of spatial techniques to examine the spatial patterns of trajectory 
group membership. Since group membership is a limited categorical variable, we are constrained in the techniques 
we can use to examine the distribution of street segments on the variable of interest. A series of formal tests of the 
spatial distribution of crime events was employed to characterize the degree of spatial autocorrelation in the 
distribution of trajectories and total crime.  We used both a global (aƻǊŀƴΩǎ I) and a local technique (local indicator 
of spatial association, LISA). Local statistics are designed to examine the second order effects (i.e., local relationships) 
related to spatial dependence (Bailey & Gatrell, 1995; Fotheringham et al., 2000). The LISA statistic is calculated in 
order to measure the degree of spatial autocorrelation in the pattern (i.e., how likely a beat of one group is to be 
near a beat of the same or any another group). ²Ŝ ŜȄŀƳƛƴŜŘ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǎǇŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ŀƳƻƴƎ ŀ ōŜŀǘΩǎ 
trajectory membership and found significant but weak positive spatial autocorrelation using the global measure of 
aƻǊŀƴΩǎ I for all groups except group 4 (at p< .01) and for total crime across beats (p < .001) (see Technical Report 
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just south of downtown.  There is a wide almost unbroken swath of low crime trajectory group 

members in the south central portion of the city with additional members found in all other 

cardinal directions.  The medium crime trajectory members are found in large clusters to the 

northeast, northwest, southeast and southwest of the city center.  The high crime trajectory 

group members are dispersed and found in clusters of no more than two beats.  Interestingly, 

there are no high crime trajectory group members in downtown Dallas.   

                                                             

 

for more details).  The LISA analysis revealed the dominant relationship was one of negative spatial autocorrelation.  
Two exceptions were a cluster of positive spatial autocorrelation among group 2 beats in the south central area of 
Dallas and numerous significant clusters of group 3 beats around the city (see Technical Report for more details). 
aƻǊŀƴΩǎ I and LISA statistics were calculated in GeoDa 0.9.5-i®.  All maps of the analyses were created in ArcGIS 9.3®. 
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Figure 5:  Spatial Distribution of Crime Trajectory Groups 

 

RANDOM ASSIGNMENT OF BEATS 

The 232 beats were allocated equally to two groups using the pseudo-random number 

generator in Excel.  The distribution was conducted in four statistical blocks, based on the 

results of the trajectory analysis.  One group of beats was the treatment group (N=116) and 

police managers of those beats received information about the actual patrol levels received in 
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the previous week to use in their deployment decisions (see below).  The other group, the 

control beats (N=116), police managers did not receive information about police presence as 

measured by AVL.  Police managers were briefed on the design of the study and asked to report 

their daily staffing allocations to beats for both treatment and control areas.  Patrol officers 

were not informed of the study. 

 

STATISTICAL POWER 

 An important concern in any experimental study is whether the research design allows 

for a statistically powerful test of the hypotheses examined (Lipsey, 1998; Weisburd & Britt, 

2007).  It is difficult to calculate the expected power in a block randomized experiment with 

unequal size blocks because most conventional programs do not allow the creation of unequal 

block sizes in calculations.  But more important, the influence of block randomization on 

statistical power will depend on the actual correlation between the blocking factor and the 

outcome variable. 

A conservative approach given these limitations is to calculate power levels using a simple 

randomization model.  This provides a low end estimate of the statistical power of the study.15  

Using this approach, at the beat level our study is strongly powered for detecting what are 

ƎŜƴŜǊŀƭƭȅ ŘŜŦƛƴŜŘ ŀǎ ƭŀǊƎŜ ό/ƻƘŜƴΩǎ 5ҐΦу0ύ ŀƴŘ ƳŜŘƛǳƳ ό/ƻƘŜƴΩǎ 5ҐΦ50) effect sizes.  The 

statistical power level is almost 100% for a large effect size, and .98 for a medium effect size.  

                                                             

 

15 We use Power and Precision (http://www.power -analysis.com) to estimate the statistical power of the study. 

http://www.power-analysis.com/index_.html?gclid=COv0u8XF8q4CFUFL3wodNV5YIw
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Smaller effect sizes provide less confidence.  For a standardized mean effect size of .40 the 

power level is still .90, but an effect size of .30 leads to a power level of .68.  This is sometimes 

considered acceptable, but is below a .80 level that is generally considered a good standard for 

a well-designed study (Weisburd & Britt, 2007).     

Because of the larger sample size (see below), analysis at the hot spot level produces a high 

level of statistical power at even very small effect sizes.  For example, there is a power level of 

.94 to detect a mean standardized effect size of .20, and a power level of almost 1.0 to detect 

an effect of .30.   

TREATMENT:  FEEDBACK ON DEPLOYMENT LEVELS ACHIEVED 

The first step in designing the treatment was to work with a committee from the 

department to discuss the information about measured deployment to be provided on a weekly 

basis.16  The committee was appointed by the chief and consisted of Commanders in the 

department who were knowledgeable about the present patrol deployment strategy.  After a 

series of meetings with DPD field Commanders, we created two feedback forms which were 

given to the DPD Division Commanders on a weekly basis.  Both forms contained information 

about AVL measured deployment, one for beats and the other for Compstat hot spot areas. 

TREATMENT PROVIDED FOR BEATS 

                                                             

 

16 The companion report describing the research effort contains the details of collecting information from DPD and 
producing the reports.   
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Using GPS data at the end of each project week, the research team produced a deployment 

report which was provided to the Division Commanders responsible for each treatment beat.  

To preserve the integrity of the experiment, the Division Commanders received no information 

about police presence in the control beats.  Two beat level deployment reports were 

developed.  One form consisted of a simple listing of the amount of police patrol intended and 

received by each Beat and provided specific information on both call time and discretionary 

time spent by police officers in each beat (Figure 6).   

 

Figure 6:  Sample Deployment Tracking Report (DTR) 
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The other is a form we designed to organize the information into nine categories (Figure 7) 

with the goal of making it easier for DPD management to identify beats which were over or 

under their deployment goals.  The report categorized the beat based on the level of crime and 

police presence from the previous five day reporting period (Wednesday ς Sunday).  The report 

is divided into nine grids, each representing a combination of a certain level of crime and police 

presence (e.g., low crime/high presence, medium crime/low presence).  The high-high, 

medium-medium, and low-low beats are ones where the two measures are in sync.  The other 

Beats indicate areas that are assumed to need adjustment (or that something else is happening 

there).  These data were reported for the following shifts: Midnight to 8am (2400-0759), 8am to 

4pm (0800 ς 1559), and 4pm to Midnight (1600 ς 2359).   
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Figure 7:  Sample Crime and Presence Matrix 

 

These deployment reports assisted the Commanders with making re-deployment decisions 

regarding police patrol to better reflect deployment goals.  Most importantly, they provided 

Commanders the means to employ AVL technology to aid their on-going deployment decision 

making process.  Essentially, the AVL technology allowed the Police Chief as well as the 

Commanders a means of accountability over where police patrol resources were allocated over 

the span of the project.   

TREATMENT PROVIDED TO COMPSTAT HOT SPOTS 
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In order to investigate the utility of AVL data for obtaining specific amounts of police 

presence at hot spots, we also provided a report comparing the intended deployment for each 

hot spot area with the police presence as measured by AVL data (see Figure 8).  These reports 

were sent to Commanders responsible for each treatment beat on Monday so they would have 

time to review them before their Tuesday morning Compstat meeting.  The report provided 

feedback on the amount of police presence at certain places or intersections vs. amount 

actually received at those places or intersections.  This report is based upon the specific areas 

of interest listed on the weekly Compstat Target Form (see Figure 3).  In addition, the report 

included the following information: 1) beat where the place or intersection is located, 2) 

corresponding grid ID, 3) type of problem(s), 4) type of attention planned, 5) the amount of 

attention requested by each watch, 6) number of crimes that occurred, and 7) how much 

attention was received broken down by discretionary time, call time, and total hours.  The grid 

ID field referred to the position of the place on a grid of quarter mile cells ǳǎŜŘ ōȅ 5t5Ωǎ ŎǊƛƳŜ 

analysis section. 
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Figure 8:  Sample Compstat Target Form 

 

 

 

 

 

 

 

 

 

 

 

 






























































































































