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Public. Systems Evaluation (PSE) was' founded In March 1974 for the purpose of 
condu~ting e~1aluations of innovative concepts and methods that are being devJlloped 
and implemented in the public ~~ctor. As a non-profit organization, PSI:; is dedicated 
to the improvement and increased effectiveness of urban service systems through the 
conduct of objective and technicallY sound e,valuations of experimental .and on-going 
prpgrarns. In the course of undertaking evaluations In such areas as law enforcement, 
transportation, housing, health and electronic funds transfer, PSI: has also advanced the 
state of the art in evaluation methodology. In particular. PSE believes in a.ninWdiscj· . 
plinary approach to evaluation, as reflected in the PSE staff members, who have ~xpertis!! . 
in operations research, survey research, commul1i<;atio.ns engineering; systems engineering, 
electronic data processing, economics, mana{Jement, urban planniri{J, law. sociology and 
criminology. . 
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Police {Etrol represents the major "front line" activity of nearly every 
city and municip:tl police department. General attitudes toward police, of both 
law-abiding citizens and potential criminals alike, are often shaped by the 
effectiveness of police patroL Police budgets, too, usually have their 
largest sirlg1e share allcx:ated to the {Etrol force. 

Proposals for improving patrol operations have usually been based on 
theories which have gone untested. In this report we see a first scholarly 
attempt to use a new and potentially revolutionary technology--automatic 
vehicle location (AVL) eystems--as a tool to undertake valid police patrol 
research studies. The report demonstrates how AVL can be used to study 
patrolling patterns and locations, to monitor experiments, and to conduct 
pathbrea.king research in policing. 

The main contents of this report should be incorporated in any academic 
program focusing on police administration. This study takes several giant 
ste~ toward the further rational planning of police {EtroL Undoubtedly, as 
the AVL technology becomes more widely implemente~ we will see more police 
patrol research utilizing this unique tool .. 

Col. Eugene J.. Camp 
Chief of Police (Retired) 
st. Lo~is Metropolitan Police 

Department 
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This report summarizes the first police research study 
to use an automatic vehicle monitoring (AVM) system as a 
research tool. An AVM system provides to the police 
dispatcher or researcher up-to-the-second vehicle location 
information. This information was used in undertaking 
patrol experimentation in the St. Louis Metropolitan Police 
Department. 

Our major study focused on the interrelationships 
between the locations of street-visible serious crimes and 
the locations of nearby police cars. By using AVM 
information to measure the distance from such a crime in 
progress to the nearest police car, and by developing a 
related set of statistical models, we tentatively found that 
individuals who commit street-visibl~ assaultive-type crimes 
do so independently of the locations of police cars. On the 
other hand, individuals who commit street-visible property 
type crimes exhibit a slight tendency to avoid police. Our 
results are the first to suggest that police patrol may have 
a positive effect on deterring or at least displacing up to 
30 percent of street-visible property crimes. 

Our other major study was a 6-month AVM-monitored 
directed patrol experiment (OPE) whose design was aided by 
mathematical models of patrol operation. Many earlier 
police patrol experiments have been criticized for not 
keeping patrol cars in their designated experimental areas. 
The AVM-monitored OPE revealed the utility of the AVM 
capability in d~tecting and correcting violations of 
experimental conditions. This demonstration suggests that 
any future major patrol experiments could benefit greatly 
from the monitoring capability afforded by AVM systems. 
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PREFACE 

Historians may label the 1970's as the decade of police patrol 
experimentation in the United States. Prompted ,in part 0/, the ~967 Report, of 
the President's Commission on Law Enforcement and the Adml.lU.stration of Justice 
and ; n };8rt: by the creation of the Law Enforcement Assistance Administration in 
1968, several preliminary efforts were already underway by 1970. ,Early 
substantial efforts occurred in such cities as Los Angeles, Boston, Ch1cago" 
Syracuse, and New York City. '!be most visible early study took place in 1972 
and 1973 in Kansas City, Missouri, a study which came to be known as the Kansas 
Ci ty Preventive Patrol Experiment. 'Ibis, e~riment created much enth?Siasm and 
debate in police circles, among pract1t10ners and researchers a11ke. As a 
result, numerous studies were conducted in other cities, building on the 
preliminary results and recommendations of the Kansas City Police Preventive 
Patrol Experiment. These studies took place in Wilmington, Delaware: 
Worcester, Massachusetts: again in Kansas City, Missouri: again in New York 
City: San DiegCl: St. Louis: Newark, New Jersey; Los Angeles; Seattle; 
Minneapolis: and numerous smaller cities. 

The impressive sUbstantive results of these studies, when viewed 
collectively, have provided important new knowledge in the a7ea of ur~an 
policing. '!bey have revised our thinking about suc:h standard tOP1~ as po17ce 
response time, police "preventiw patrol," one off1cer vs. ~wo off1cer pol~ce 
cars, police dispatching procedures, the dependence of cr1me on patrol11ng 
levels, the use of crime statistics in pitrolling, officers' attitudes toward 
their work, and citizens' attitudes toward the police and public safety. Yet 
the decade of the seventies was not without growing pains. Unlike a more 
maClre area of social scien~ research, police experimenters often wanted, it 
seems, to jump to significantly new conclusions based on a single first study 
done in a single police department. It wasn't until about 1980 or so that the 
idea of experimental replication, an idea standard in the mo.re ma~ure substan­
ti ve areas of social science research, became as popular 1n po11ce research 
circles. Without replication and verification of earlier stUdies, on? runs the 
risk of creating a "house of cards" of research results--the fal11ng of any 
given card creating a risk for the entire structur~ 

'!be research of the 1970's, too, was ham~red to some extent by a lack of 
aFPropriate technical tools to assist the experimental designers. ~on~ these 
were matheJnatical models of police patrol force operations wh1ch 1f used 
carefully and a~opriately, could provide ~eat guidance to the experimen~ 
designers in predicting the likely operat10nal consequences of al ternat1 ve 
patrol experimental designs. We are aware of only one or two studies that 
occurred during the 1970's which used such mathematical models before ~e study 
or experiment was implemented. Now, a wide range of such models eX1st, and 
there is no reason why subsequent researchers cannot use these models in the 
pre-implementation J:bas~ 

Another more fundamental problem ham~red police pitrol rese,uchers trior 
to this time, and that is the lack of knowledge of the whereabouts and 
activities of police J;Btrol cars in the experimental areas. Nationally, police 
patrol forces have been called one of the largest labor forces in the country 
in which supervisors cannot monitor the activities of the ~ople whom they are 
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to supervise. Likewise, poli~ I;atrol researchers, when attempting to imple­
ment a spatial redeployment of patrol resources in order to achieve experi­
mental conditions, were never certain that the experimental conditions were in 
fact maintai.ned. Participmt observers rould ride along in the back seats of 
police cars for a fraction of time during the experiment, but use of such 
partici};Snt observers was costly and obtrusive: their presence could certainly 
alter the usual behavior of police officers in a car. Another means was 
necessary to moni tor and maintain the integrity of the experimental design. 
'!bat ca};Sbility is now potentially available with Autanatic Vehicle Monitoring 
(AVM) systens. '!be St. UJuis Metropolitian Police Department is the only major 
police department in the United States that has a citywide, accurate AVM 
system. That system, when properly maintained and supervised, provides a 
potential for poli~ researchers heretofore unavailabl~ 

In the spirit of experimental replication and verification and of enhanced 
experimental cap:.ibilities, the National Institute of Justi~ (NIJ) of the u.s. 
Department of Justice awarded to Public Systems Evaluation, Inc. (PSE) a grant 
(No. 79-NI<~AX-ol12) to study the feasibility and desirability of using AVM in a 
police patrol experimental context. The project was not meant to be 
replication of any previous police p!trol experiment, in that resources were to 
00 directed at pil('Jt test questions, not at defini tve research results per s~ 
Our wor k reported in this final report builds on the theme of using AVM in 
police };Strol experimentation. It is not limited to obtrusive experimentation, 
in which poli~ p!trol resour~s are celiberately redeployed over some sp! tial 
area, but includes unobtrusive experimentation as well, in which some basic 
research questions can be articulated and addressed for the first time. In 
the course of our work, we have found that AVM is a potentially valuable 
research tool to aid the police p!trol researcher. '!be high CX)st of existing 
AVM systems has deterred other police departments from implementing them during 
the past decade or so. It is likely that one or more "technological 
breakthroughsf' will have to occur before the cost of AVM is within a range 
acceptable to lcurrently financially strapped urban poli~ de};Srtments. 

~n addition ~o demonstrating the feasability of AVM in police patrol 
expenmental settings, we have found some substantive results of independent 
interest. '!bese include questions of the dependence or lack of dependence of 
crime locations on nearl::¥ poli~ p!trol locations, offi~rs' attitudes toward 
technology and police };Strol in general, characteristics of directed patrol, 
and statistical characteristics of preventive p!trol. 

We feel that this work would be of interest to police researchers and 
practi tioners alike, as well as to others interested in (particularly urban) 
researc:h. MOrt; broadly, social scientists might find interesting our analyses 
of off~cer att~tudes: operations researchers might find interesting our use of 
mathematical modelling in the experimental design process and the testing for 
dependence of crime locations on police p!trol locations. 

Hopefully historians will label the 1970s as the first major decade 
poli~ patrol re~ea~ch, and that subsequent decades followed building on 
e~r~m7ntal rep~~cation and enhanced technical cap!bilities for designing and 
mo~tor~ng experlments. 
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This project could not have been undertaken without the substantial 
support tha~ we ha:re r~ived from, mnnerous individuals. First, for supporting 
~e, w:derlymg mot~vati~ns for momtored };Strol experimentation, we thank many 
~ndiv~dl~ls at the Natio~ Institute of Justice (NIJ) of the U.s. Deputment 
of Just~c~ In part~cular, we thank our grant monitor, Mr. George 
Sho~lenberger for providing feedback and suggestions throughout the entire 
pro]ec:t. We ~s<? thank Mr. Robert A. Burkhart, Director of Research for NIJ, 
for h~s cont~nu~ng support. We would also like to thank Mr. David Farmer, 
formerly Head of NIJ's Police Division, for his encouragement in designing and 
carrying out this project. 

The project also could not have occurred without the strong support of 
many individuals within the St. UJuis Metropolitian Police Department (SLMPD). 
We ~,0r:Iy name; a few here, because the J;Coject touched on literally hundreds 
of ~nd~v~duals ~n the SLMPD, ranging from patrol officers on up through the. 
ran~s. First, w~ are extre~ely in~ebted to Colonel Eugene J. Camp, Chief of 
PoI~ce (now retired), for his oontinued wholehearted enthusiasm for our work 
in st. UJuis: not only for this project, but for our earlier evaluations of the 
~utomatic Vehicle Monitoring program in st. UJuis. Chief Camp's willingness to 
~nnova~e and experiment is truly noteworthy~ we thank him sin~rely. We would 
also l~ke to thank the following people, listed in alphabetical order, for 
their strong contributions to this project: Lieutenant Lawrence Akley 
(Executive Aide to the Chief of Police), Lieutenant Eugene Broaders (Manager of 
the FLAIR Program), Lieutenant Colonel William E. Brown (Assistant to the Chief 
of Police), Mr. Herbert Bosch (Communications Specialist for the FLAIR 
p~ogram), Lieutenant Jay Canada (in charge of the Communications Division), 
L~eutenant Arthur & Coffey (Executive Secretary to the Board of Police 
Commissioners), Sergeant Kenneth E. Gabel (in charge of crime data analysis) 
and Colonel Adolph Jacobsmeyer (formerly in charge of the ICAP Program). I~ 
addi ?on ,there are numerous other individuals, both at poli~ head:juarters and 
at D~str~cts 3 and 9, who we sincerely thank for their cooperation in this 
program. 

We at PSE received cooperation from the Boeing Comp!ny, manufacturers of 
the FLAm Automatic Vehicle Monitoring system. In particular, we would like to 
thank ~tr. Joe Hanson, formerly the FLAIR Program Manager at Boeing. 

We also thank Dr. Jan Chaiken (Rand Corpora tion) , Professor Kenneth Chelst 
(Wayne State University) and three anonymous references for J;Coviding detailed 
ccmnents on an earlier draft of this report. 

While the focus of this report is on the SLMPD, PSE also moni tored-on a 
considerably smaller scale--Directed Patrol programs of the Minneapolis Police 
Department. With regard to this effort, we would p!rticularly like to thank 
Chief Anthony V. Bouza for his enthusiastic support of our work, Captain Jack 
Jenson for directing a police command using innovative directed patrol 
activities, and Deputy Chief Patrick Farrell for assisting us in the data 
collection efforts. 

At PSE the initial Iilases of this J;Cogram benefited immensely from the 
design guidance of Mr. Gilbert C. Larson. Much of the on-s~ne data collection 
work in St. Louis was completed under the direction of Ms. Ann E. Crepin and 
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Mr. Robert Thomas. We sincerely thank these individuals. Fin~lly, w~ thank 
Mrs. Jo Ann W. Bohmfalk for her diligence and excellence 1n tYP1ng and 
producing this final report. 
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March 19, 1982 
.. c·c,. ............. 

Mr. Richa~d Larson 
Public Sys~ems Evaluation, Inc. 
929 Massachusetts Ave. 
Cambridge, Mass. 02139 

Dear Mr. Larson: 

This is in reference to the "Controlled Preventive Patrol * 
Experiment~ which was conducted by Public Systems Evalua­
tion, Inc., in conjunction with the St. Louis Police 
Department, during 1981. After the completion of on-
site experimentation, the St. Louis Police Department 
in~tituted a neW city-wide patrol plan. 

While some of the components of the new patrol plan did 
not relate to the experiment, I think you will find it of 
interest that one primary element was directly derived 
from the experiment. That element. which is now an 
important factor in the new patrol plan, is directed patrol. 

Each of our nine police districts may utilize up t~.two 
patrol units, on any watch, for directed patrol. 

We feel that the concept of directed patrol is a more 
effective and efficient use of resources, as it provides 
flexibility in addressing crime and other problems which 
are not constant. 

I wanted to share this information with you as it cer­
tainly relates to the work and cooperation we received 
from Public Systems Evaluation, Inc. 

Enclosed you will find a copy of our new patrol plan. 

ARC/jah 

Sincerely. 

~R~ 
Ltn. Arthur R. COf:~~~~ ar 
Secretary to the Board 

*Reti tied Directed Patrol Experinentation Usin1 an Autanatic 
Vehicle t-t::>nitoring Systan in this report. 
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EXECtJTIVE SQMMARY 

Controlled experimentation with urban IBtrol forces is now !;X>ssible. No 

longer must the researcher either "hope" that experimental conditions are being 

maintained or risk the disruption of participant observers in ride-alongs. 

'!be principal new technical caIBbility tested in oUI' research was an Automatic 

Vehicle Monitoring (AVM) system. 'Ibis technical catability was augmented by 

computer-based mathematical models of !;X>lice IBtrol operations to explore the 

operational consequences of al ternati ve experimental configurations prior to 

implementation. It was also augmented by crime data and other more usual 

!;X>lice research statistics. A major aspect of our work also included the 

essential elements of a comprehensive evaluation - analyzing project inputs, 

processes, and outcomes (in a Directed Patrol Experiment or OPE). 

Our work in st. Louis concentrated on the potential use of AVM as an aid 

to the police patrol experimentere In addition to arriving at various 

conclusions in this area of work, we have obtained several substantive results 

that are of interest in their own right. In this executive summary, we first 

summarize our findings with regard to AVM in !;X>lice IBtrol experimentation and 

then our substantive findings. We conclude with recommendations for further 

research. 

AVM AND POLICE WOOL EXPERIMENTATION 

Automatic vehicle monitoring location systems can be used in two basic 

ways for iX'lice J;:8trol experimentation. First, they can monitor the integrity 

and measure certain performan~e characteristics of ,patrol field experiments 

that involve spatial manipulation of !;X>lice patrol vehiCles. This new 

instrumentation capability has the !;X>tential for vastly increasing the 

reliability of P9lice pltrol research findings. For the short term at least, 
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the J;X>tential may have to remain just that, primarily because only one city­

St. Louis, Missouri-has implemented a citywide AVl-l system. Other cities 

throughout the u.s. are awaiting subtantial cost reductions in these systems. 

'!be second major use of AVM systems in p::>lice tatrol experimentation is in ,the. ' 

conduct of unobtrusive experiments, that is, experiments in which there is no 

deliberate stati,al manipulation of police patrol vehicle~ 

AVM As Part of EXJ2erirneDtal Instrumentation 

In the instrumentation mode, we found AVM useful in the following areas: 

1. In the_ monitoring of detailed patrol-car-specific patrol 
patterns and locations. '!hus, any experiment that attempts to 
modify the patrolling patterns of the vehicles or their 
location, can be visually monitored so as to maintain the 
integri ty of the experimental coooitions via the AVM device. 
Particularly, excursions of a p!trol car into areas in which 
it oo7s not belon~ (according to the experimental design) can 
be qul.ckly determl.ned, and corrective feedback can be provided 
to the officers in question. 

2. In the accurate measurement of patrol intensity or freguency. 
The use of AVM signposts, either hardware or software, 
allow precise measurement over 1:Xes~cified time~ of day 
of the number of p!ssings of tatrol cars. '!bus, for the first 
time, the police patrol researcher has an instrumentation 
capability for pcecisely measuring patrol intensities at pre­
specified points throughout the experimental are~ 

3. Monitoring Dispatch Pattern~ Although not a focus of our 
work in St. Louis, any police patrol experiment in which 
disp!tch p~tterns were a crucial part of the experiment could 
be monitored by AVM. For instance, if only one patrol car 
was to =espond to a particular call for service, and two or 
three respon.ded instead, such violations of disp:l tching 
p::>licies ex>uld be noted quickly and feedback provided 

AVM As A Basic Research ~ 

AVM is somewhat analogous to a biologist's microsex>~. For example, just 

as a biologist stuc:!ies the spatial relationships between mutant and normal 

cells, . the police researcher can now study interrelationship3 between crimes 

and police patrol cars. This is but one example of how AVM can be used in 

x 

unobtrusive experimentation to explore various basic research topics which 

heretofore have been totally beyond the grasp of the p::>lice patrol researcher. 

The following is an illustati ve set of questions that could be explored 

umbtrusively via AVM: 

1. Testing for the spatial and temporal relationships, if any, 
between the locations and times of crimes and the locations 
and patr.olling patterns of police cars. An illustration of 
this kind of testing is described in Chapter 5, and a more 
ex>mp:-ehensive test is outlined at the end of Chapter 5. 

2. Analyzing patrolling patterns of individual cars. For 
instance, it may be anticipated that a certain degree of 
randomness in patrol patterns is to be preferred over "pre­
dictability.n The idea of randomness and predictability 
could be precisely defined with one or more performance 
measures, and these ex>uld be studied via the AVM technoloqy. 

3. Testing for correlations and other statistical relationships 
between the locations of crimes on one day and the patrolling 
intensity of police fatrol cars on subsequent days. Namely, 
one could address the question as to whether police patrols 
are responsive to near term changes in crime activity. 

4. Undertaking research on the effectiveness of various nhot 
pursuitn strategies for apprehending offenders. For 
instance, the Philadel};ilia Police Dep:lrtment has a procedure 
called "Operation Findn in which an entire area of a city can 
be cordoned off with 20 to 30 police cars in an attemp'c to 
apprehend the perpetrators of a bank robbery or a serious 
felony. One could ~rform basic research on the effectiveness 
of alternative ways of doing things like hOlt pursuits or 
~ration Findsn to improve the effectiveness of the '£X)lice 
lEtrol force under periods of emergency conditions. 

Problems Of AVM In St. IQuis 

Our research in st. Louis was not without problems. The AVM system 

implemented there, FIAIR, was designed more than a decade ago. It has under­

gone approximately six years of test, evaluation, and technological revision in 

an attempt to achieve optimal system performance. During this time, police 

officers' attitudes toward the system deteriorated because system performance 

was not up to expectations. In addition, the officers felt that their ideas 

regarding an AVM system wel'e not included in the installation the system. How 
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much of this attitude is self serving, or the officers not wanting their 

supervisors to know their whereabouts, and how muc.l} of the attitude is valid on 

other grounds, one can only sp:!culate. 

Technically, FLAm's accuraC¥ was neve: greater than during the p:!rioc1 of 

our experimentation in st. Louis. This was due in large part to the 

installation of approximately 100 signposts throughout the city, a techno­

logical change motivated in part by PSE's earlier recommendations and its 

earlier evaluations of the FLAIR implementation in st. Louis. Also, during the 

research period, the SLMPD recognized the need for a diligent preventive 

maintenance ];regram to ensure the workability of the FIAIR units in each of the 

FIAIR-equi~d vehi cles. 

Despite the technical workings of the FIAlR system, however, the system 

was not designed for police }';Strol researchers. '!he largest shortcoming from 

our p:!rspective was the lack of an "automatic playback capability." Such a 

caIBhility is discussed in detail in Chapter 2. To capture incidents we were 

forced to use the standard videotape recorders one might have at home. '!his 

resulted in somewhat awkward measurement practices which were also extremely 

labor intensive. Had automatic playback been available, it would have allowed 

sample sizes at least two orders of magnitude greater than the sample sizes we 

were able to achieve in oUI' unobstrusi ve experimentatio~ 

Another research limitation of FIAIR, as currently designed, is the lack 

of portable signposts throughout the city. Portable signposts would allow the 

researcher to cordon off certain sensi ti ve areas, such as the "reactive beats" 

of the Kansas City Preventive Patrol Experiment (KCPm) am to readily dete<.t 

any incursions into the designated zone or zones. Of course, a well programmed 

automatic playback caJ:8bility could provide lisoftware signposts" in which the 
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passage of a car at a particular point on a street could be monitored by the 

software system, and counts of such FSssages oould be automatically maintained. 

Finally, there were cars from other jurisdictions and from citywide juris­

dictions that were not visible via the FLAIR oonsole. ArrJ major polia! p:ltrol 

experimentation would have to maximize the fraction of these vehicles that were 

AVM monitorable and develop proce,dures as we did in st. Louis, for monitoring 

the general presence of non-AVM equi~d {".ars in the experimental zone. 

OUR StBSTANrIVE FINDOOS 

In this section we report on our research findings which we think are of 

independent interest for police researchers and practitioners. We discuss 

first those basic research findings resulting from our unobtrusive 

experimentation wi th the AVM system, secondly those from the DPE, and third 

those from our survey of offia!r attitudes. 

AVM Belated Basic Research Findings 

We Llndertook a range of unobtrusive experiments in the attempt to study 

the characteristics of police patrolling and the relationships between police 

patrols and crimes. Several mini-analyses were conducted to test the DPE 

procedures and are described in Olapter 2. 

In an analysis of the fraction of time spent in the patrol areas in a 

district we found that the allocation of J:8trol efforts is highly nonuniform 

through a typical district. Even within a p:lrticular neighborhood, the time 

spent on the patrol varies greatly on a day-to-day basis. There was no simple 

relationship between the amount of pltrol activity dedicated to a p:lrticular 

area and the statistically-known characteristics of the area such as the crime 

rates, rates of calls for servia!, etc. 
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In an analysis of the dynamics of police };B trolling IE tterns, we measured 

the probablity of a patrollinq vehicle making a right turn, a left turn, 

a u-turn, or going straight through a randomly entered intersection. We found 

that typically the mean number of blocks traveled in a straight line between 

turns is between three and four. We found that there was no measurable serial 

correlation between the turning probabli ties from one turn to the next. '!hus, 

it aprears that a rather meandering };Btrol IEttern is in place, suggesting that 

to an outside observer, a };Btrolling police vehicle is not predictable in its 

future locations. 

Our major unobtrusive experiment focused on the distance between a crime 

reported in progress and the nearest police patrol car. This analysis, 

described in <l1apter 5, focused on two oomreting hypotheses: 

He: the locations of crimes are chosen independently of the 
locations of nearby police vehicles. 

criminals, when choosing locations of their crimes tend, to 
sane extent, to deliberately avoid nearby police vehicles. 

'!he two hypotheses may be summarized as one of "independen~" and one of "avo i-

dance." In a carefully screened and monitored process, we gathered a sample 

of 117 verified crimes in progress reported from District 3 in st. Louis and 

potentially visible from the street. The sample was split roughly 50/50 

between "property" crimes and "assaultive" crimes. '!he former were conjectured 

to be crimes of the rational criminal, whereas the latter were conjectured to 

be crimes of the irrational criminaL The rational person is risk averse, 

whereas the irrational individual is the risk prone. 

If the crime locations are selected inderendently of IEtrol car locations, 

then the distribution of distance from the crime to the nearest patrol car 

would be determined by "random chance" alone. In our analysis of this problem, 
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we generated three alternative and independent mechanisms for computing the 

probability law of the distance from a criml~ to the nearest patrol car under 

the independence assumption. The first was based on the simple theory of 

spatial Poisson processes, yielding a probability law known as the Rayleigh 

probability distribution function. '!he second was based on a detailed Monte 

Carlo oomputer simulation model of the District 3 };Btrol operations, utilizing 

1,000 random incidents generated within the compute~ On the third procedure 

we utilized 1,000 "pseudo incidents," the times and locations of which were 

generated in the computer by Monte Carlo techniques but the distances were 

measured directly from the FIAIR console. For the distances of interest, all 

three methods for generating the null hypothesis probability laws yielded 

aJ;proximately equivalent results. 

'!he alternative hypothesis of avoidance HI was modeled in fact as a family 

of hypotheses, parameterized by a non-avoidance term in the probability law 

equation.. The essence of the argument generating the HI probabiity law was 

that potential crimes occur independently of police presence, but that 

potential crimes result in actual crimes with a probability directly dependent 

on the distance to the closest poli ce car. 

In analyzing the results, we found that the distance from an assaultive 

crime to the closest police car follows a distribution which is almost identi­

cal to the Ho distrib.ltion. 'IhU13, for assaultive crimes, we tentatively have 

reached the following conclusion: \ 

n:m.vicbals who commit asS!ultive crimes, Cb so with nearly total 
dlsregard for the whereabouts of motorlzed police patrol cars. 
'!his oonclusion is consistent with the conjecture that asS!ultive 
crimes are irrational and would be committed by risk-prone 
indi vicbals. 

In further analyzing the data we conjectured that the property crimes 

would be more likely to indicate some measure of risk avoidance. Initial 
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analyses tended to dispel the conjecture, and almost led us to conclude that 

property crimes too occur independently of the locations of pitrol cars. But 

further scrut·I :1Y of the analysis method indicated that one parameter in the 

equation, namely the police pitrol car density, is a known fhysical pirameter 

which should be estimated independently from a least squares curve fit to the 

empj,rical data. UIX'n implementing this ot::s ervati on, we did find a measurable 

level of avoidance between the locations of the property crimes that actually 

occur and the location of the nearest pitrol car. Assuming the accuracy of the 

J;X>stulated causal model, the extent of avoidance is such that roughly 25 per-

cent of crime qm>rtunities of the typ:! of property crimes in the sample would 

not result immediately in ~ctual crimes occurring. '!he 25 percent of crimes 

that do not immediately occur could be attributed to the presence of nearby 

police pitrol cars. However, the 25 percent could not be said to be deterred 

crimes because the lack of immediate occurrence of a crime could also imply 

temporal or Spitial displacement of the crime opportunity. '!he temporal dis­

placement is referred to as deferrence, whereas the spatial displacement is 

referred to as simply as displacement. '!hus, for the property crimes, we have 

tentatively concluded the following: 

Indivif..uals who commit property crimes that are IX'tentially visible 
fro~ the street Cb so with at least a limited awareness of IX'lice 
p:ltrol cars. '!bey terrl to commit their crimes at a distance fur­
ther from patrol cars than could be explained by random chance 
alone. 

If the causal model that we tested is correct (an assumption that needs exten­

sive additional research), then roughly 25 percent of property crime 

opp:>rtunities that occur in District 3 curl that are IX'tentially visible from 

the street are either deferred, displaced, or deterred because of nearby r--::>lice 

patrol vehicles. 
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Our results regarding the dependence or independence of crime locations 

and police car locations has potential consequences in the debate of the 

rational vs. the irrational criminal. The results if validated in further 

work, also would give rise to the need for more sophisticated pitrol models for 

crime interceptiom the earlier models always assumed a statistical indepen­

dence between police car location and crime locatio~ The results, if 

validated, tend to support the findings of the KCPm in the area of assaultive 

crimes, where the findings relate to the lack of dependence of criminal 

activity on pitrolling levels. However, the avoidance that we measured for the 

property crimes bears further scrutiny, and is somewhat at odds ~Ii th the 

findings of the KCPm. In the text, we have briefly sketched the out.line for a 

more detailed test which muld be the core for a more comprehensive ~tudy. 

Directed Patrol 

'!he Irincip:il obtrusive experiment conducted in our work with the SLMPD 

was a six-month Directed Patrol Experiment in District 3. 'lhis work is des-

cribed in Chapter 3. Not only did we test the utility of the AVM monitoring 

device in carrying out this obtrusive experiment, but we found limi ted sub­

stantive findings regarding directed p:ltrol of interest in their own right: 

1. Police pat.rol cars on directed patrol do not stay in their 
assigned areas unless corrective feedback is provided to the 
officer involved. 'Ibis finding suggests that earlier p:ltrol 
experiments that attempted to deliberately change the spU:ial 
allocation of police patrol units may not have been as 
successful in that regard as had been roped or anticipited. 

2. '!he district pitrol commanders, when given wide discretion and 
flexibility in selecting numbers of directed p:ltrol units and 
their pitrolling locations, choose areas for directed p:ltrol 
based on more information than that provided by the Crime 
Analysis section alone. Thus, it appears that "street 
knowledge" at the district level is equally or more imIX>rtant 
in selecting directed pitrol areas than headquarter's derived 
crime data. 

xvii 



--.... -.,......-~....-...,..,-..-... - -~ ~--

3. Directed y;a.trol was no less efficient than regular };Btrol 
in terms of arrests per car hour, especially when the pro­
active nature and the quality of the arrests were considered 

4. The location of the greatest patrol intensity in the entire 
district was, not surprisingly, the police district station 
house. Patrol cars tended to pass by the district'S station 
house at least three to five times as frequently as any other 
moni tored point wi thin the district (monitored points were 
AVM ~~ignposts). 

5. Directed patrol, and in fact, regular patrol, tended to be 
greatly diminished in magnitude one half hour before and one 
half hour following the change of watche~ Three such watch 
changes occurred during each 24 hour period 

6. In a DPE giving great discretion to the district commander, a 
number of different pitrol configurations were selected by the 
various commanders when implementing directed patrol. The 
most popular strategy was to assign a regular beat car to 
directed y;a.trol in his ordinary beat. calls for services from 
that beat would be handled by cars in two contiguous beats. 
The second most popular strategy was to assign a regular 
patrol car to an entire precinct or sergeant's area, 
comprising typically three or four regular beats. The 
remaining cars in that precinct would handle call-for-service 
activities from the depleted beat. The third most popular 
strategy was to reassign a regular patrol car from its 
ordinary beat to another beat for directed y;a.·trol acti vities~ 
in this configuration, the directed patrol beat would be 
staffed with two cars, one for directed patrol and one for 
ordinary call for service activities; as before, calls for 
service from the depleted beat would be handled by cars in 
contiguous beats. 

7. 

8. 

In a DPE giving great discretion to the district commanders, 
60 percent of the directed pitrol assignments were for single 
target crimes, whereas 40 percent of the assignments were for 
mul tiple target crimes. Of the single target crime assign­
ments, 47 percent were for residential burglary, 23 percent 
were for auto larceny, 20 percent ~lere for street robberies 
and purse snatchings, and the remaining 10 percent were for 
business burglaries. 

'!he disIBtch IX'ocedures implemented to remove directed };Btrol 
cars from answering calls for service were successful. 
Directed patrol cars were sent on fewer than one dispatched 
call per watch. 

9. The chief and other SLl-tPD commanders viewed the directed 
patrol concept sufficiently positively following our six-month 
study that they implemented the concept, together with other 
compatible provisions, on a citywide basis. (See Project 
ImJ;.Elct Letter, pige vii and Appendix I). 

About Officers' Attitudes 

In order to make our evaluation in St. Louis comprehensive, it was 

necessary to spend a great deal of time with the officers at the district 

level. Information, opinions, and feedback were solicited from officers and 

t..l-teir supervisors in both Districts 3 and 9 in st. Louis. The information 

gathering mechanisms included formal questionnaires, extensive structured 

interviews, unstructured discussions, and ride along~ '!he following represent 

the major findings from our survey of officer attitudes: 

Technology am Progress 

1. For' a variety of reasons, police officers in St. Louis no 
longer feel the FLAIR system is a good idea. In fact, there 
has been a steady decrease in officer confidence since FLAJR 
was intr01uced 

2. '!he only area in which a large number of police officers feel 
FLAIR has improved departmental performance is in "keeping 
track of the };Btrol force." 

3. 

4. 

1. 

2. 

Police officers feel strongly that their opinions were not 
considered when the FIAm system was designed. 

. DesDi te negative attitudes toward FIAlR, officers <iJenerally 
cb not otp>se new technologies and procedures in po11ce work. 

Directed and PreUdtti ve Patrol 

A great majority of the police officers did not feel directed 
patrol is effective in either IX'eventing or deterring crime. 

Two-officer cars and the questioning of suspicious persons are 
seen as the most effective tactics for directed pitroL 

3. Increased use of crime information, the use of two-officer 
teams and the elimination of non-critical calls for service 
were suggestions offered for improvil,g patroL 

4. Police officers feel that traditional tactics are the best to 
awly in directed pitrol but are willing to try other~ 

! 
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5. Assignment to directed lEtrol is seen as either a punishment 
or as a reward. 

6. '!he importance of communication between all I;ersonnel involved 
in directed lEtrol cannot be over stated. 

R)lice Patrol and Crime 

1. Police, in general, 00 not feel criminals ISY a great deal of 
attention to the ~esence of police. 

2. For certain crimes, police believe perpetrators pay somewhat 
greater attention to police IX'esence than they 00 in others. 

3. Police officers who believe in the effectiveness of directed 
patrol are less likely to think criminals observe police 
activities. 

4. '!he use of crime statistics to combat crime would seem to be 
a function of command attitude rather than officer 
willingness. 

6.3 RErnMMENDATIOOS roB E'l1Rl11f2 WRK 

We believe that the entire field of police lEtrol e"<perimentation rould be 

somewhat revolutionized by tile tremenoous new instrumentation cap!bilities of 

automatic vehicle monitoring or automatic vehicle location systems. Before 

extensive additional research can be oone with this capmility, however, AVM 

systems should be modified to facilitate the task of the police patrol 

researcher. Most critical in this area would be the installation of playback 

capabili ties which would allow sample sizes of at least two orders of magnitude 

greater than we were able to obtain in our study. In addition, automatic 

playback cap:lbility could be used in conjunction with an entire interrelated 

set of lEtrol and crime performance variables to study a potentially rich set 

of interactions. A second research related feature of AVM would be to have 

movable signposts for detecting the passing of a police car at a particular 

street location: such movable signposts would also record the identity of the 

car, the time of day, and the direction of traveL Of course, a playback 

system with sophisticated analytical software could provide for "software 

xx 

---~~~.-.-.. 

signp.>sts" within the computer ~ogramming itself. In that way, for instance, 

incursions into depleted zones or other deviations from desired lEtrol lEtterns 

could be quickly detected and corrected. Finally, to extend the p.>tential work 

beyond the SLMPD, we apparently await one or more technological breakthroughs, 

which would reduce the cost of AVM systems significantly so that police 

administrators in most major ci ti.es would choose to implement them in their own 

cities. 

with d regar to further substantive work on police p3.trol experimentation, 

virtually any future police patrol experiment which includes deliberate 

manipulation of lEtrolling Pltterns and locations could be criticized if it did 

not utilize the AVM monitoring capability to assure the integrity of 

experimental conditions. Thus, we can only hope that additional police 

departments in the not too distant future will implement such cap!bility (per­

haps based on the aforementioned technological breakthrough) in order to 

enlarge the number of potential "urban police patrol laboratories" available 

for further experimentation. 

with regard to unobtrusive experimentation, it may be that this asp=ct of 

the AVM cap!bility is the most far reaching from a basic police !=Strol research 

point of view.. Many issues regarding deterrence, displacement, and general 

patrol effectiveness have gone unanswered or ambiguously answered in the lEst, 

in large p3.rt due to limitations of the aggregate data that were available for 

analysis. With the AVM capability, one can now study the microstructure of 

various IX'ocesses, hop=fully shedding more light on these issues. 

Building on our own work in St. Louis, we urge its replication with a 

larger sample size and more comprehensive study of the analysis of the 

deI;endence or lack thereof of crime locations upon nearby patrol car locations. 

A definitive finding based on a larger sample size that aSs:lultive crimes occur 

indeI;endently of patrol cars could have far reaching consequences. A similiar 
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~ finding about the deliberate avoidance ~ property criminals of near~ patrol 

cars could have also significant consequences. Arrj further study of this issuer 

in addition to containing a vastly increased sample size, should include a 
"."\' . 

number of different variables associated with each crime in progress that is 

included in the sample. This set of variables could include among other 

things, distance to the five closest police cars, a flag variable indicating 

whether or not the closest car is visible from the crime scene, the elapsed 

time between the last passing of a patrol car at the scene of the crime and the 

time of the crime, a flag variable indicating whether or not the car assigned 

to patrol the area is busy or available at the time of the crime, and the 

average ero.pi?:ically measured patrol frequenc:.y past the crime scene during the 

previous 24 hours. All of these and more variables are now easily measured 

from an AVM system, particularly one that has an automatic playback capability. 

Future experiments in police patrol should occur in an environment of 

replication, innovation, and enhanced instrumentation. AVM is one element of 

enhanced instrumentation. There are others, too, including computer aided 

dispatch (CAD) systems, mobile digital communications, and statistical crime 

analyses. Experimental design in the future can be further enhanced by 

mathematical models of the spatially distributed patrol police force which 

allow the researcher to anticipate the operational consequences of alternative 

experimental design prior to implementation. These new techniques, when 

coupled with proven methods of comprehensive evaluation should lead to 

significant and operationally useful research results in the police research 

studies of the 1980s and 1990s. 
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Innovation, experimentation, and police !Btrol-these are the themes of 

the research we describe herein. We report on a number of related research 

activities carried out in oonjunction with the st. IDuis Metropolitan Police 

DeJ;8rbnent (SLMPD) during the r;eriod 1979 through 1981. 

From the standpoint of police J;8trol research, the SLMPD is unique. It is 

the only major police department in the United States that has an accurate, 

citywide Automatic Vehicle Monitoring (AVM) system. This system, called 

FIAIR,l provides each police diSJ:8tcher, via a oolor television screen, second­

by-seoond position estimates and status readings for each of the police patrol 

cars in his/her area of dis};Btch responsibility. The locations and movements 

of each car can be viewed at one of several map magnification levels on the 

television screen. The status of each car (e.g., busy on high priority call, 

busy on low priority call, or on preventive patrol) is also indicated. 

Originally installed to decrease police response time and to enhance offia:r 

safety, the AVM system has provided only marginal benefits in these areas. 2 

However, the AVM system offers another potential benefit that has been-up to 

this time-virtually unexplored. It provides an accurate patrol monitoring 

capability heretofore unavailable to the police researcher. This monitoring 

capability can be useful for carrying out both nobtrusive" and "unobtrusive" 

experiments. 

I FLAIR, is an acronym which stands for Fleet Location And Information 
Reporting and is a trademark of the Boeing Canpany. 

2R.e. Larson, K. W. Col ton, and G.e. Larson, Evaluation of a Pol~ 
Implemented AVM System: Phase I with Recommendations for otbes: Cities (Wash­
ington, DC: Government Printing Office, 1977>1 G.e. Larson and J.W. Simon, 
EvAluation of a Police Automatic vehicle Monitos:ing aystem: A StudY of the st. 
Louis Expes:ience 1976-1977 (Washington, DC: Government Printing Office, 
1979) • 
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1.1 THE NEED FOR WNrroRn;r; PATROL EXPERlMEN'lS 

By obtrusive experiments, we refer to those experiments that imTolve a 

deliberate redeployment of police p:itrol forces over some area of the city. 

Perhaps the most famous obtrusive police pitrol experiment is the well-known 

Kansas City Preventive Patrol Experiment (KCPPE).3 Carried out in the early 

1970s, the Kansas City researchers (associated with the Police Foundation) 

attempted to explore the dependence of crime rates, citizen atti tudes, and 

other indicators on the level of police !Etrol presence in their areas. In one 

IS-beat region of Kansas City, Missouri, the experimenters devised three 

different treatments. Treatment 1 was a rontrol treatment, in which five of 

the 15 beats were assigned the standard single p:it}:ol car to p:itrol the area 

and answer nearby calls for service. In treatment 2, five !Etrol beats were 

designated "proactive" beats, in which a seoom car was added in an attempt to 

at least double the level of police p:itrol coverage in those beats. In the 

third and terhaps most amtroversial treatment, the researchers designated the 

remaining five beats as "reactive" beats, in which the usually assigned police 

patrol car was removed. Thai: patrol car, when on preventive p:itrol, WeS to 

tatrol a common boundary between its usual beat (now the reactive beat) and a 

contiguous proactive beat, in a sense adding at least a fraction of a car to 

the proactive beat which already had two cars assigned to it. The reactive 

beat was to remain uncovered by regular police tatrOl cars, except for 

answering calls for service, serving warrants, pursuing offenders, and other 

such situations. 

The Kansas City researchers, when analyzing the results of their year-long 

study, foun.d primarily negative results. ~t is, neither actual nor perceived 

3G..L. Kelling, et. al., The Kansas City Preventive Patrol Experiment 
(Washingto]'t., oc: Police Foundation, 1974). 
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crime rates or levels of safety seemed to depend on experimental treatment, 

ei ther control, proactive, or reactive. '!he Kansas City researchers ooncluded, 

among other things, that c::-ime rates, citizen attitudes, and related 

performance measures do not seem to depend strongly on levels of preventive 

Fatrol ooverage. These findings generated considerable interest, activity, and 

debate in police circles, both among practitioners and researchers.4 It is 

not the tm'pose of this introduction to review the long history following the 

KCPPE. 'lbe enthusiasm generated by the experiment prompted others thcoughout 

the country to conduct experiments in mnnerous different police depirtments. 

'!hus began the decade of police pitrol experimentation in the United States. 

'!he experiments that followed the KePPE, many ruilding on its themes and 

tentative recommendations, included the Wilmington, Delaware "Split-Force" 

experiment~ the san Diego "One-Man, Two-Man car" study; the Wilmington "Manage­

ment of Demand" Study, the Newark, New Jersej "Foot Patrol" study: the Worces­

ter, Massachusetts "Police Service Aide" study; the Kansas City "Response Time" 

studies; the Seattle "Response Time" studies~ and the experiments on police 

~~trol done in Syracuse, New Yor~5 The great majority of these studies, 

4R..c. Larson, "What Happ!ned to Patrol Op:!rations In Kans9.s City? A Review 
of the Kansas City Preventive Patrol Experiment," Journal of Criminal Justice 
3 (1975) :267-297: S.E. Fienberg, K. Larntz, A. J. Reiss, Jr. "Redesigning the 
Kansas City Preventive Patrol E~riment," Evaluation Review 3(1976); T. Pate, 
GeL. Kelling, C.Eo Brown, "A Response to 'What Happ:!ned to Patrol OFerations in 
Kansas City?'" Journal of Criminal Justice 3(1975): B.J. Eisman, "'!he Kansas 
City Preventive Patrol Experiment: A Continuing Debate," Evaluation Review 
4(1980):802-808~ R.c. Larson, "Critiquing Critiques: Another Word on the 
Kansas City Preventive Patrol Experiment," Evaluation Review 6(1982). 

5J;,M. Tien, R.c. Larson, et aL, AD Evaluation Report:......Nilmington sw,it­
Force P"dtrol Program (cambridge, MA: Public Systems Evaluation, Inc., 1976); 
J.E. Boydstun, M.E. Sherry, and NeP. Moelter, Patrol Staffing in San piego; 
One- or Two-officer Units (Washington, DC: Police Foundation, 1977); M.F. 
cahn and J;,M. Tien, An Alternative Amroach In Police Response; 'llle Wilmington 
Management of pemand Program (Cambridge, MA: Public Systems ~.raluation, 
Inc., 1981): Go. Kelling, A. Pate, et aL, The Newark Foot Patrol Experiment 
(Washington, DC: Police Foundation, 1981): Tien, et. al., An Evaluation 
,Report of the Worcester Crime Impact Program (cambridge, MA: Public Systems 
Evaluation, Inc., 1975); M.L. Van Kirk, Kansas City Response Time AnalYsis 

3 
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including the original KCPPE, included as a primary input into their study or 

experiment the deliberate Spltial manipulation of police p:itrol cars. This led 

to one big problem in all of these studies: the inability of the researchers to 

monitor unobtrusively the locations and E.! :'i ties of the police p:itrol cars. 

The only way in which continuous monitoring of the p:ltrol cars could occur was 

by "backseat ride-alongs," in which a researcher would virtually sit in the 

rear seat of a police pitrol car and maintain a record of the activities of the 

car during the period of monitoring. This technique, which was utilized by a 

number of researchers, is open to the criticism that the intrusion of the 

researcher will affect the manner in which the patrol officers carry out their 

activities during the period of the obtrusive monitoring. Thus, in fact, there 

was no feasible procedure for assuring that experimental conditions were 

maintained-that is, for insuring the integrity of the p:ltrol experiment. 

With the KCPPE, there is ample evidence that the integrity of the 

experiment was not maintained, particularly in the reactive beats. For 

example, the number of p:itrol self-initiated activities in the reactive beats 

during the year of the study actually increased comtared to the year before the 

study, a year in which a regular police patrol car had been assigned to those 

beats. Such an increase in self-initiated activities suggests a not 

insignificant level of patrol presence in those beats during the year of the 

study, a year in which virtually no preventive patrol was to occur in the 

reactive beats. Also, distatching procedures were violated during the KCPPE, 

in that approximately 1.6 patrol cars acknowledged responding to an average 

Final Report (Kansas City, I«>: Kansas City Police Department, 1977); C. Clawson 
and S. Chang, "Relationship of Response Delays and Arrest Rates," Journal of 
Police SCience and Adm;i.nistration 5(1977) ~ D.P. 'l'arr, "An Analysis of Response 
Delays and Arrest Rates," Journal of Police Science and Administration 
6(1978) ~ J. Elliot and T. Sardino, Crime ContrQl Team: An Exped ment in 
MuniciWl Police Department Management and Operation (Springfield, IL: Charles 
C TOOmas, 1971). 
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call for service within the reactive beats. The average in the other beats 

was 1.2 patrol cars per dispatch or less. The extra cars that went in were 

discouraged from doing so by the experimental design. And there is no 

knowledge of how many cars went in that did not acknowledge their response to 

the police dispatcher. Thus h d .~ b . , a 1_ een poss1ble to monitor lQcatiQn~ 

while Qn patrol and diegatcb response patterns. the integrity of the KCPPE 

could have been im};roved. One majQr pumose Qf our s1:uQy in the St.MPD was tQ 

test the feasibility using AVM to monitQr the integrity Qf patrQl eXl;)eriments-

1. 2 AVM AS A BASIC RESFMCH '1OOL 

A second potential use of AVM in police research is in the area of unob­

trusive experimentation. By this we mean experimentation in which the AVM 

system io used to gather data regarding police patrols and crimes during 

periods in which the police pltIol force is operating in a standard nonexperi­

mental mode. Potentially, this experimental cap:lbility of AVM could be as far 

reaching as the monitoring capability for obtrusive experimentation. Par­

ticularly with regard to the subject of dependence of crime and police p:ltrols, 

all earlier studies of necessity focused on macroscopic questions, '!hese dealt 

with such issues as the aggregate crime rate for various types of crimes over 

subareas of the city for certain time periods as a function, say, of the 

aggregate number of police p!trol cars depl~ed to that area. '!be KCPPE was in 

this category, as was the 20th Precinct Study in New' York City.6 Most of these 

studies have found little dependence of a policy significance of crime rates on 

police patrol numbers at the aggregate level. But an AVM system presents a 

very disaggregate picture of police patrolling and criminal activity, 

especially for acti vi ties reported while in };rogress, In a sense, AVM provides 

6s.J.pres::.., S Eff t f ~ Qme~C! S Q an Increase In Manpower In the 20th Precinct 
of New York City (New York: New York City Rand Institute, 1971). 
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to the police researcher what a microscope provides to the biologist in his 

laboratory. Just as the biologist studies the interaction of, say, mutant vs. 

nonmutant cells on the slide of his microsco};e, now the poli~ researcher can 

study the interaction (via AVM) of crimes vs. police };atrol cars, Arrj slEtial 

dependence of criminal activity upon local police lEtrol presence should be 

detectable with this new measurement capibility. We are quite excited to be 

the first police lEtrol researchers to be able to take advantage of this 

potentially far reaching police research capibili ty. 

1. 3 QlERVIEW OF OUR IDRK IN ST. LOUIS 

During the course of our experimentation in the SLMPD, we carried out both 

obtrusive and unobtrusive studies. We enlFhasize that all of these studies were 

of a pilot nature, with a J;rimary purpose to study the feasibility and desir­

abiliq of using AVM in an experimental context. As a by-product, we have 

developed some preliminary research resul ts of sul:stanti ve interest in them­

selves, which seem to require additional follow-up work with larger sample 

si:~es. The p:-imary obtrusive experiment with the SLMPD was a "directed I;Btrol" 

study conducted in the police district with the largest number of calls for 

service, .District 3. '!he ooncept of directed I;Btrolr in which p:>lice officers 

on preventive patrol would have specific target crimes which they focus their 

patrol activities on, has evolved from the sequence of studies during the 1970s 

that started with the KCPw.. Directed pitrol has been and remains an "idea in 

good currency" in the police field, thus we chose a };Brticular directed tBtrol 

format for the use of AVM in an obtrusive experimental setting. 

As implemented in st. Louis, upon a.rrj given tour of duty, zero, one, two, 

or three patrol cars could be designated as directed patrol (DP) cars. These 

cars were to focus on specific target crimes in one or more assigned. beats. 

'!be remaining regular J;Btrol cars in District 3 'tlere to assume the call-for-

6 

service responsibilities formally assigned to the DP cars, although the DP cars 

could be assigned to high priority calls for service if necessary. The 

Directed Patrol Experiment COPE) contained elements of patrolling within given 

areas and limited dispatch responsibilities, both of which could be monitored 

via AVM. Early on, we found out through AVM monitoring that the guidelines were 

oft~n violated, and thus corrective feedback had to be given to the appropriate 

police patrol officers. If similiar violations of e~rimental integrity had 

occurred in earlier p:>lice preventive lEtrol experiments, b;e results of those 

experiments may be brought to questio~ In addition to indicating the feasi­

bility of using AVM as an experimental mOnitoring device, the District 3 DPE 

was sufficiently encouraging to the senior officers of the SLMPD to motivate 

them to implement a similiar program city-wide. This implementation is des­

cribed in a letter on tBge vii and in Appendix I. 

In experimentation of the unobtrusive type, we carried out a number of 

different activities. These included statistical descriptions of patrolling 

patterns, the amount of patrol coverage given to various areas of a police 

district, and--most significantly--the dependence of crime locations upon 

nearby police patrol car locations. This latter study in particular has 

generated certain tentative substantive findings regarding the independence or 

dependence of criminal activity upon police patrol car locations; fUrther 

research is warranted in this area. 

The work carried out herein extends beyond mere use of AVM as a techno­

logical tool. '!be evaluation methodology utilized in the DPE is comprehensive, 

simul taneously analyzing relevant aspects of program inp.lt.s, processes, and 

outcomes. In this regard, extensive in-the-fie1d interviewing and questioning 

of patrol officers occurred in District 3 and a related district, District 9. 

We have extensive results on officer attitudes toward directed patrol, policing 

in general, technology and policing, and related issues which are of 

7 
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independent interest in themselves. Among other things, we now have a time 

series dating from 1974 related to District 3 officer attitudes on the FLAIR 

system~ The results of this time series would seem to be crucial for any 

public emergency agency attempting to implement a very visible and untested 

technology such as AVM into their standard operating procedures. 

The DPE in District 3 was also a "model-based experiment." By this we 

mean that alternative deployments of police patrol forces within District 3 

were a..'fJalyzed via a mathematical, computer-based model prior to the selection 

am implementation of a p:lrticular experimental design. Sin.;e the District 3 

OPE permitted a good deal of discretion on the part of the district commanding 

officer on any given tour, a number of different and somewhat typical directed 

patrol depl~nments were studieCL The model, known as the ~rcube Model,,,7 

takes as inputs the spatial distributions of calls for service and police 

patrol efforts, and the travel time characteristics of the region; it produces 

as outputs a range of performance measures including area-averaged and point­

specific travel times, workloads of the various police patrol units, frequency 

of interarea diS!Btching, etc. Being an analytical or "equation-based model n 

(not a Monte carlo Simulation Model), the model produced accurate results with 

a relatively small expenditure of computer time. The various runs provided 

general guidelines that we communicated to district commanders regarding appro-

priate selection or nonselection of directed patrol configurations. We have 

observed that with a large fraction of earlier police patrol e'~riments, the 

experimental design was selected without such a pre-analysis of its operational 

impact. Our hope is that future obtrusive police patrol experiments will 

benefit h¥ such model-based analysis prior to actual experimentatio~ SUch a 

7R.C. Larson, "A Hypercube Queueing Model for Facility Location and 
Redistricting in Urban Emergency Services," Computers and Operations Research 
1 (1974) • 
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pre-analysis would seem to greatly increase the probability that the desired 

system performance will resemble the measured system performance. 

1.4 Ot1l'LINE OF BEPORr 

The purpose of this section is to provide a quick overview of the contents 

of the report. Chapter 2 contains an introduction to the city of st. Louis and 

Distr ict 9, which for the past several years has been an area of innovation 

and experimentation. In particular, District 9 operated with an "open beat 

concept," where police officers were encouraged to patrol an area larger than 

the usual Single p:ltrol sector, the larger area being equal to at least three 

or four patrol sectors and sometimes the entire district. The officers in 

District 9 were used to participating in alternative modes of operation, and 

thus we initially felt that it would be the appropriate district for the study. 

However for several reasons, including the relatively small size of District 9, 

we decided to shift our main experimental efforts to a larger area, namely 

District 3. Before that shift was carried out, we pretested many of our data 

gathering methods in District 9, and these are described in Chapter 2. These 

included analyses of patrolling patterns, with emphasis on the fraction of time 

spent in various patrol areas, randomness of the patrolling pattern as 

reflected by turning probabili ties, and other related issues. We also pre­

tested our procedures for investigating the statistical dependence or inde­

pendence between crime locations and patrol car locations. 

Chapter 3 describes District 3 and the design and conduct of the DPE. It 

discusses use of the Hypercube model in studying the effects of alternative 

directed patrol deployments, techniques for FLAIR-based and other data collec­

tion, and the results from monitoring and measuring directed patrol. 

Chapter 4 contains an intensive analysis of police officer attitudes 

toward technology and patrol practices. The analyses are derived from 

9 
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responses to questionnaires (in which the response rate was nearly 100 

percent), in-depth field interviews, participant observation, and related 

information-gathering techniques carried out in District 3 and 9. Of par­

ticular interest with regard to other police patrol studies, we asked the 

officers a sequence of questions regarding their perceptions of the effec­

tiveness of preventive patrol and directed patrol for reducing or deterring 

various crimes. We believe that it is the first time that such a sequence of 

questions has been directed to police officers. Also, as mentioned earlier, we 

asked questions regarding officers' attitudes about the FlAIR system, and when 

combined with earlier PSE studies, their responses provide a time series over a 

seven-year Feriod of officer attitudes toward AVM technology. 

Chapter 5 represents our most extensive unobtrusive analysis wi th AVM. 

Here we examine the question of the dependence or lack thereof of crime 

locations on nearby police patrol car locations. We tested the following null 

hyJ;:othesis: Ho: the times and locations of crimes occur independently of the 

locations of police FBtrol cars. '!be altermtive hypothesis we considered, was 

the following: HI: the locations and times of crimes occur in a way which to 

some extent deliberately avoids nearby police patrol cars. 'lllUS the two hypo­

theses were independence and avoidance. the first representing a potential 

criminal who is a "risk taker" and the second criminal who is a "risk mini-

mizer." '!be result of the analyses, based on an admittedly small sample size 

of 117 confirmed crimes in progress, should be of independent interest. To 

some extent, the results confirm some of the "tx>lice level independence" inter­

pretations of the KCPPE, but to a limited extent a subset of the results 

suggest a measurable police avoidance J;i1enomenon. 

'!be appandices include a description of the new St. rouis District Patrol 

Plan that has been implemented sllb:;equent to our study (AJ;Pendix I), a sample 

copy of the eight-hour FLAIR output (Appendix II), the questionnaire 

10 
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administered to District 3 officers (~ndix III), artd the full mathematical 

developments related to the testing of Ho and HI in Chapter 5 (Appendix IV). 

11 
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2 ST. IDOlS MID '!HE DIsmICT 9 PRmST 

St. IDuis has been, and will continue to be, an important hub of commerce 

in ooth east-west and north-south shiRling. It is situated on the Mississippi 

River awroximately halfway between the northern and southern termini o£ the 

river. It is approximately 61.4 square miles in size. In 1980, the Census 

Bureau oounted 448,640 residents in st. JAuis, 27.9 percent fewer than in 1970. 

At the same time, there were 1.8 million people in the city and its surrounding 

counties. Thus, while the city itself ranks 25th in population among U.S. 

cities in the u.s., the metrop:>litan area ranks 12th.l 

The st. Louis Metropolitan Police Department (SLMPD) has approximately 

1,950 sworn personnel-a ratio of 4.3 police officers per t.'I-}ousand residents, 

one of the highest in the country. The city is divided into nine police 

districts, based more on tradition than equal workload, p:>p.tlation or area. As 

shown in Exhibit 2.1, District 3 is in terms of reported crimes, the RtJusiest" 

in the city. Until 1980, District 9 was the second busiest. That year, how­

ever, District 7 had the second highest number of reported crimes, and the 

largest number of crimes against persons.2 

Our police r:a trol experiments were undertaken here for a number of rea­

sons. Most importantly, st. Louis is the only large city that has an AVM 

system. The capacity to monitor and track patrol cars was essential to the 

study. It also has a progressive police management team, willing to try new 

ideas and willing to allow these new ideas to be objectively evaluated. Fi­

nally, St. Louis.1 has a complement of professional police officers who are 

lRobert Levey, "It's Goodt:!i St. Loois, Goodt:!i," Boston Globe, 22 Jan. 1981. 

2Crime rat.es (!.t?, crimes per 1000 persons) have not been canputed because 
(1) census data have been released slowly c1le to oourt challenges, and (2) the 
available data can only be approximately aggregated t:!i police district. 
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Exhibit 2.1 

TOtal Crimes And Arrests in 1980. bY Police District 

Arrests; 

~;time:; &lQimit: A:ii a :ti EaDls. 
Qf tQtal13a~~ 

Pe;t:;on Pl:qpe;tt¥ Total .EaDk Total Cd.me:; m...t 

383 4668 5051 9 1292 25.6 1 

316 4874 5190 8 912 17.6 8 

1660 9711 11371 1 2170 19.1 6 

932 5741 6673 5 1403 21.0 2 

1418 5298 6716 4 1392 20.7 3 

1236 5360 6596 6 1311 19.9 4 

2143 6519 8662 2 1660 19.2 5 

1589 4446 6035 7 941 15.6 9 

1306 7031 8337 3 1473 17.7 7 

willing to try new app:oaches to policing and to allow outside researchers the 

oR'Qrtunity to test these ideas. 

Based on discussions with the SLMPD oommand staff, it was decided to begin 

the initial stages of our experimentation in District 9. Numerous tests of 

by:fX>theses and FLAIR reoording methods were ooooucted there during the summer 

and early fall of 1980. The results of these tests are discussed in this 

chapter. At the end of this pretest phase, it was decided that the major 

obtrusive experiment, the six-month directed pitro1 experiment (PPE), should be 

conducted in another district. The presence of the SLMPD's main garage in 

District 9 was the primaty reason for this move. '!he associated traffic tended 

to oonfound some of the early AVM-derived results and make the drawing of firm 

oonclusions difficult. Attempting to measure "police J;resence" was impossible 

in District 9 because police cars of all t:yp:!s oontinua1ly entered and left the 

garage area. While many cars were moDi tored t¥ FIAIR, untold numbers could not 

be. It was the presence of an unknown (and unmonitored) number of police 

vehicles which contributed to the relocation of the remainder of our work. 

District 3 was chosen-in p!rt because of its large size and crime volume. '!he 

resul ts of the PPE are discussed in Olapter 3. 

2.1 'mE FIAIR SYSTD1 

SOUrce: SIMPD, unp,lb1ished statistics, nd. 
'lbe FLAIR system was develop:!d t¥ the Boeing Compiny in oonjunction with 

the raw Enforcement Assistance AdmiDistra tion, the National Institute of Jus­

tioe and the SLMFO. '!he system, also known as an Autanatic Vehicle Monitoring 

(AVM) system, is of the "dead-reckoning" type. Dead-reckoning systems depend 

up:m equipnent within the vehicle to generate locational movement information, 

in a manner similar to that of inertial guidance systems used in missiles, 

aircraft, submarines, etc. For these systems to work, the initial vehicle 

14 15 
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location must be known, after which the instruments within the vehicle monitor 

its movement through distance and direction sensor~3 

Accuracy in position tracking is necessary in dead-reckoning systems to 

avoid cumulative errors which eventually could lead to the vehicle becoming 

"lost" to the system. The FLAIR system has a rather unique means to track 

vehicles using rather low-cost distance sensors (odometers) and heading 

sensors (magnetic compasses). This tracking technique is called "map 

matching"--the computer-based visual display keeps the vehicles on a street 

even though the relatively inaccurate heading sensors might otherwise indicate 

that it has wandered off. In a similar manner, inaccuracies in the odometer 

can be overoome when a vehicle turns a oorner as the oomp.rt:er will oorrect the 

location to the nearest cross street, even though the indicated location is 

short of, or beyond, the intersection. If '\:he oomputer should plock the wrong 

intersection, it is likely that the vehicle will eventually enoou.'lter routes 

not on the map, and thus the computer can no longer track it. Under these 

conditions, the computer will search the map to find the location that corres­

ponds to the vehicle route, and if successful, will relocate the vehicle. 

If a vehicle does become "lost" (because the computer can no longer track 

it), a 'V" is displayed on the video screen identifying its m.nnber. To verify 

the location, the disp:ltcher asks the particular officer to stop and identify 

the next convenient intersection. If the location is not correct, the dis­

patcher places a cursor at the correct location on the screen, and the car is 

reini tialized. Occasional lost cars do not substantially diminish the 

3The Boeing FLAIR System not only operates on the dead-reckoning 
principle, but also uses the computer to reduce the possibility of accumulated 
errors. The FLAIR system should therefore more appropriately be called a 
computer-tracked dead-reckoning system, or, because it uses more than one 
location tecfu~ology, a hybrid system. 
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effectiveness of the system, but too many lost cars oould obviously negate the 

benefi ts intended. 

After FIAlR was installed it became aPJ;Brent that a larger than expected 

proportion of vehiCles were lost. To correct for the high volume the Boeing 

Company agreed to install a number of automatic reini tialization points, or 

signposts on busy thoroughfares throughout the city. Every time a vehicle 

passes a fixed signpost its exact location is autornati..cally transmitted to the 

FlAIR canputer which in turn corrects for any accumulated errors which may have 

caused the computer to assume an incorrect location for the car. It is not 

unusual to see a car "j ump" from one location to another as the FlAIR computer 

relocates a car to its correct spot upon receipt of information from the 

signpost. Of the slightly more than 100 fixed signposts installed in the city, 

ten were in District 9 and sixteen in or on the borders of District 3. 

As seen l:¥ a dispatcher or observer, the FIAIR video display (see Exhibit 

2.2) updates the location of each car every second giving a real-time view of 

the continuous movement of all vehicle~ '!he real-time view of p:ltrol movements 

makes it easier for a dispatcher to relate to the work of the police officer 

(compared to other AVM systems in which vehicles may appear to wander through 

buildings); verifies the loc:a.tion of the oomp.xter-selected closest cars--which 

could be on one-way streets or across a natural or man-made barrier (e.g., a 

river or expressway); assists the distBtcher in command and control o};erations 

(e.g., sealing off an area); and assists in identifying the location of a car 

that has activated its emergency alarm.4 

'!he FIAIR system also has a capacity of 99 "canned" messages which IXovide 

digital communications from mobile units to headquarter~ The mobile 

4The emergency alarm is a button on the radio console which, when acti­
vated sends a signal that places an "E" next to the vehicle number on the 
FLAIR 'screen, and sets off an audible alarm in the oommuru.cations center. 

17 
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Exhibit 2.2 

FIAIR Display and Operator's Console 

IE] [l]J]J 
lcau NO. " .... I~ NO II 
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operator transmits a selected message by keying in the appropriate numbers. 

rrhese codes are used for general messages, which the dis!Btcher must acknow­

ledge t:¥ voi~: messages of another t.yp:! t:erform an autanatic function on the 

display (e.g., identifying one- versus two-man cars, leaving for incident 

scene, et~) requiring no dispatcher acknowledgement; and a third class auto­

matically initializes the car at given locations when the o~rator keys in the 

awropriate nurnber.5 

For the p::>li~ researcher the ability to monitor all cars at one time was 

a SUbstantial breakthrough. Unfortunately, the FLAIR system has-from the 

researdler's point of view-a number of disadvantages. Perhaps the most impor-

tant disadvantage is that the system, as installed, cannot retain or play back 

material. In other words, as changes occur in the spatial locations of !Btrol 

cars, old locations are discarded. Since much of the analysis planned for 

this study required the ability to replay patrol and deployment situations, we 

were for~d to use videotat:e recorders (V'ms) to capture and retain the data. 

Much of our data were gathered through the use of two V'lRs attached to the 

FLAIR computer system. The VTRs were wired in such a way that an observer 

could record acti vi ties as shown on the FLAIR console with one VTR while the 

other was used to (1) make copies of incidents from the first VTR or (2) 

analyze one ta};e of incidents while a'1other was being rom pi led in real time. 

As shown in Exhibit 2.3, this rather unwieldly arrangement meant that a 

PSE staff member had to monitor visually the FLAIR console in order to 

determine if items of interest were occurring. Although the equipment could be 

left to record data automatically, in later portions of the experiment (see 

5For a more detailed explanation of the FIAm system as well as other AVM 
technologies, see: G.c. Larson, "Alternative Vehicle Monitoring Technologies," 
Appendix A in G.e. Larson and J. W. Simon, Evaluation of A Police Automatic 
Vehicle Monitoring (AYMl qystem: l\ Stugy of the St. Louis Experience (Wash­
ington, oc: Government Printing Offi~, 1979). 
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EKhibit 2.3 

Schanatic Representation of FIAIR System and 

Vl'R Attachments for Gathering/Recording Data 

Input Data 
Car ~--------~~I 
Locations, 
Headings, 
etc. 

Computer 

Dispatchers' 
Consoles 

________ - - - - - - - - - - - - - -~-__ --- - - -1 
Dispatchers' 

Radio Channels 

o 
PSE I 
Instrumentation 
CapabiJ.i ty I 

I 

I 
1- _____________________________ , 
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Chapter 5), 24-hour monitoring of the system was mandatory. Further, once the 

FIAIR information was recorded on the V'lR it still had to be analyzed. '!he 

analysis of indi vidual incidents often required playing a :plrtion of the tape 

repeatedly before some of the more subtle aspects of the patrol cars' move­

ments were discerned. In addition, the FLAm records were reconciled with 

radio dispatch logs and crime analysis information generated by the police 

deImtment. 

the data. 

Finally, sp:!cially written computer l%ograms were used to analyze 

In the pages that follow, the results of our initial analyses are 

J;Xesented. '!hese include analyses of the fraction of time s~nt ~ p!trol cars 

in an area, turning probabilities of patrol cars, and the responsiveness of 

patrol efforts to crime patterns, as well as a first cut assessment of the 

relationship between crime and {Btrol. 

2.2 'mE DISTRIct 9 PRETEST 

District 9, covering 4.0 square miles, abuts downtown st. Louis and 

contains an extremely diverse population. For example!' the southwest a1:'ea 

contains hospitals, medical centers, and expensive shops and housing. The 

northeast area, however, is blighted; it contains many shells of buildings, a 

few respectable dwellings, some stores and a great many rubble-filled lots. 

The district is also home to "the Stroll," an approximately 24-block area of 

rundown hotels and vacant lots where J;Xostitutes and their customers rningl~ 

Recently installed traffic ban'iers and more intense police p:-esence have made 

contacts between the p!rties more difficult but the "problem" ~rsists. 

During our initial research the :pllice in District 9 utilized an open-beat 

concept on s~cified watches. Urxler this aPIX'oach, the district was di vired 

into three supervisory areas with one sergeant and up to three p!trol cars in 

each ar~ Patrol officers had responsibili~ for an entire supervisory area 
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and generally could respond to any call within that area. It would appear, 

also, that there was some informal sub-area responsibili~: if officers felt 

they knew one portion of the patrol area better than another they would most 

probably take r,esponsibili ty. 

2.2.1 Patrol Patterns; Fraction of Time Sg=nt in Patrol Areas 

'!he purpose of this analysis was to demonstrate that AVM could be used to 

determine the sp3.tial distribution of fBtrol effort at various points in timE. 

To facilitate the analysis, District 9 was divided into the ten zones depicted 

in Exhibit 2.4. The zones reflect neighborhoods within the district and the 

boundaries were determined wi th the assistance of the district's patrol and 

supervisory officers. These divisions were created to allow us to test the 

instrtunentation cafBbilities of FIAIR. '!he areas represented what would be 

beats under a more traditional patrol plan and allowed limited testing of 

l'¥Potheses and extensive testing of measurement methodologies. 

By analyzing t.he data from the FIAIR system it was possible to determine 

the fraction of time s~nt by fBtrol cars in each of the "{:Btrol zones. ,,6 Of 

interest was the degree to which these zones receive equivalent levels of 

fBtrol over time and across zones. From July 7-11, 1980, a 24-hour watch was 

maintained on the positions of FLAlR-observable p! trol cars by video recording 

the FIAm mom tor. 

As can be seen in Exhibit 2.5, the different patrol zonr.as in District 9 

received significantly different fBtrol efforts (a conclusion reached by obser-

6'lbe information p:esented here represents analyses of the activities of 
only those \7ehicles which are capible of being monitored by the FIAm system. 
Some cars are without FLAIR equipment while, occasionally, one or two FLAm 
cars may have malfunctioning equipment. We can SQ!j nothing ai:x>ut the movements 
of such cars in District 9 during this p:!riod. 
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Ex.iUbi t 2. 4 

Patrol Zones in District 9 

7 

23 



Exhibit 2.5 

Percent of Time Spent wall FIAIR-obseryable 

Patrol cars In the Zones of pistrict 9, July 7-11, 1980 

ZQne. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~ of Use 

Hospi tals, ~r-Middle 
Class Housing and Shop:; 

Factories, Wa~ehouses, 
Sane Houses 

Shipping and Transportation 

Middle and Upper Class 
Housing and Sl'K>p:; 

'nle "Heart" of the 
District--varying uses 

'nle "Stroll" 

Lower Socioeconomic 
Class Housing 

Small Businesses, 
5ymJ:hony Hall 

'nle "Hole"--Lower Socio­
economic Class Housing 
and Shop:; 

'!he Zone Containing the 
District Station House (but 
excluding the facility) 

Station House 

24 

Percent of Time 
8.Qent in Zone 

1.82% 

5.81 

8.04 

8.36 

17 .. 87 

7.61 

6.93 

5.49 

4.60 

10.83 

22 .. 64 

'IDTAL 100.00% 

vation and verified by use of the chi-square test).7 The exhibit shows the 

total patrol ~fort during the five-day, 24-hour-a-day monitoring period patrol 

officers spend a great deal of their time (up to 23 percent) at the station 

while some zones (su-::h as Zone I) receive almost no patroL Zones that are 

consistently patrolled at less than ave.rage intensity include Zone 1 and Zone 

9. Zones that are consistently patrolled intensely include Zone 10 (the area 

around the district station house) and Zone 5 (the zone in which the police 

garage is loca~. 

As a means for extending the test of instrumentation, 22 four-hour teriods 

were sampled. Using the V'lR playback capacity described above, each neighbor­

hood was studied, for each time period, to determine the amount of time the 

FIAIR-observable cars sp:nt in that area. Exhibi t 2.6 shows a series of box 

plots of the fraction of patrol effort in each zone. The end points of each 

line represent the maximum and minimum effort measured wi thin a zone, the line 

at the center of the box represents the median amount of patrol effort in a 

zone, and the upper and lower ends represent the 75th and 25th percentiles, 

respectively. For example, the data indicate that even the small amount of 

patrol effort Zone 1 received was not consistent across the five-day period. It 

is interesting that the spatial distribution of effort across zones is clearly 

uneven, as is the temporal distribution of effort within zones. 

In an attempt to examine the differential patrol effort somewhat more 

closely, PSE examined the data by time of day. As shown in Exhibi t 2.7, the 

patrol effort \'1ithin District 9 is most "uniform" during the late evening and 

night shifts. Such a finding is not surprising given the fact that f·ewer 

calls-for-service occur during these hours, resulting in officers having more 

time available for patrol duties. 

7 Patrol effort refers to the total mnnber of hours a car was in (whether 
on general patrol or responding to a call for service) that zone. 
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Exhilii t 2. 6 

Distribution of Fraction of Ti!ne Spent In 

Patrol ZOnes by FLAIR-observable Patrol cars 

(Sarrple = 22 4-hours tirre blocks) 

Patrol Time Spent-in Zone 
Total Patrol Hours 

f 

x 100 

I 

--- ----~-.-

EXhibit 2.7 

Patrol Effort of FIAIR'"'0bservable 

cars By Zone and Tjme Block 

(~le = 22 4-hour timeblocks) 

ZOnes 1-10 Shown on Map 

S = Station House 

Patrol Time 100\ 
Spent in Zone 
Total Patrol Ei::>urs x 100 

S 

90 
10 

S S 
S 

S 
80 Q 

8 10 

70 
7 

10 10 

9 

6 
9 9 

60 8 

10 
8 8 

"""9" 

5 

7 

6 

8 

7 

7 7 50 

6 6 

40 6 

4 5 

5 
5 30 

5 

3 4 

20 
4 

3 4 
4 

2 2 J 3 J 10 

2 
2 2 

o 1 1 

H1ght 1 Horning 1 Afternoon 1 Early Lite 
Eveningl ~vlningl 

lTi~1S 1n
1 

thlSI categories are approximate due to oyerlap of tapes and other 
IlIOn tor ng problems. 
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The information analyzed allows two conclusions: one substantive, the 

other methodologicaL First, for this period of monitoring, patrol efforts 

were far from uniform throughout the district.8 Second, the FLAIR system, 

while imperfect, allows for a level of detail never before available to the 

};X)lice pitrol researcher. An AVM system such as the FLAlR system can, in other 

words, provide better data more accurately than any other previous research 

technique used in police pitrol research. 

2.2.2 Patrol Patterns: TUrning Probabilities 

In addition to y;roviding area-averaged data regarding };Btrol car !Xesence 

and activi ties, AVM allows the police researcher to examine the microscopic 

level, or fine structure, of police patrol. Using the tracking option on the 

FLAIR system, which allows the computer to "lock-in" and follow a s~cified 

patrol car, irXiividual cars were followed for sizeable t::eriods of time (e.g., 

4 hours). Illustrative measures of patrolling behavior for both busy and 

overall time periods were constructed through a:>m};Uter-based analysis.9 'nle 

statistics considered include the average number of blocks traveled between 

turns, the serial correlation of blocks traveled, overall and conditional 

turning probabilities, and the frequency distribution of blocks traveled be-

tween turns. 

Possibly the most accurate information recorded over the t::eriod was the 

turning probabilities of patrol cars. As shown in Exhibi t 2.8, cars were 

tracked on different dates and at different times. We note that the results 

from different days were generally consisten~ The computer output for a 

8'n1is is not to suggest that p! trol levels should have been uniform. 

9By "busy" we mean the time when a patrol car was unavailable for 
answering calls for service (and thus, was also not available to ~rform };re­
ventive patrol). 
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Exhibit 2.8 

Turning Prdlabilities By Car and Tine 

Number Of Average Number Probability Probability Probability 
Patrol Car Time Turns In Of Blocks Of Of Of 

The Sample Between Turns Right Turn. Left Turn. U-Turn. 

1 5:37pm- 9:56pm 89 3.00 .607 .348 .045 

2 3:00pm- 7:00pm 88 2.73 .455 .465 .080 

3 7:00pm-ll:00pm 60 4.05 .534 .333 .133 

4 7 : OOam- 11 : ODam 33 3.85 .484 .455 .061 

5 11 :OOam- 3:00pm 55 3.38 .527 .400 .073 

6 11:00pm- 7:00am 157 2.85 .433 .452 . 115 

• 

*Given that a turn occurs. 

\ 
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EKhibit 2.8 

r· Turning PrOOabilities By Car arrl T.iJre 

Number Of Average Number Probability Probabi 1 i ty Probability 
Patrol Car Time Turns In Of Blocks' Of Of Of 

The Sample Between Turns Right Turn* Left Turn * U-Turn. 

1 5:37pm- 9:56pm 89 3.00 .607 .348 .045 

2 3:00pm- 7:00pm 88 2.73 .455 .465 .080 

3 7:00pm-ll:00pm 60 4.05 .534 .333 .133 

4 7:00am-11 :OOam 33 3.85 .484 .455 .061 

5 11 : OOam- 3: OOpm 55 3.38 .527 .400 .073 

6 11:00pm- 7:00am 157 2.85 .433 .452 .115 

, 

*Given that a turn occurs. 

. ,. , 
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Single patrol car tracked over a four-hour period is represented in Exhibit 

2.9.10 Note that the average number of blocks traveled between turns is 

awroximately three for both the busy and overall time ~riods. Of IBrticu1ar 

interest is that this car made twice as mar.ri right turns as left turns. 'Ihls 

result also ap~ars to hold when turning ~obabi1ities are a:mditioned by type 

of previous turn. Thus, the probability of a right turn following a left 

turn equals the probability of a right following a right turn, and both of 

these equal the overall probability of making a right turn. Finally, the 

serial oorrelatioDS of numbers of blocks traveled between turns ooes not differ 

appreciably from zero. 'lhus, there is no tendency for long "straightaways" to 

be followed by snort "straightaways", and vice versa. 

Finally, one can conclude that the distributions of blocks traveled be­

tween turns are not geametri~ The distributions are typically steeper than 

geometric near the origin (i.e., at distances of 1 and 2 blocks). Patrol cars 

are quite likely t,o travel very short distances between turns, supporting the 

notion that a rather meandering IBtrol fElttern is in place. 

2,2.3 Crime and Patrol; Patrol Effort and Crime Pattern 

Returning to the five-day sample of 24-hour patrol patterns, one 

qypothesis was explored pertaining to the responsiveness of IBtro1 effort to 

crime IBttern. Since IBtrol effort varies so greatly over time and sp:ice, it 

was postulated that the patrol effort in Zone i on day j (fij) was a function 

of the number of crimes in Zone i on day j-l (Ci'j-1). In other words, is 

today's patrol pattern based on yesterday's crime pattern? To check this 

hypothesis, the number of crimes occurring in each zone was correlated with the 

patrol effort in each zone at a one-day time lag. The resulting correlation 

was r=.3667. Although this correlation is J;X>sitive, it is too weak to conclude 

10Identica1 to the format of our IBtro1 pattern analysis program. 
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Exhibit 2,9 

Sample COmputer Output of TUrning Probabilities For A Single Patrol ear 

enter number of data p::>ints: 178 
data has been entered 
SUImlary statistics: turning probabilities 
avg. blocks between turns = 3.0000 
avg. blocks between turns when tusy = 2.8718 
se~ial correlation of blocks traveled = -.0550 
serial oorrelation of blocks traveled when busy = 0.1057 

left 
right 
u-turn 

turning probabilities 

overall 
0.3483 
0.6067 
0.0449 

rosy 
0.3250 
0.6000 
0.0750 

conditional turning ~obabilities 

left 
right 
u-turn 

left 
0.3333 
0.3333 
0.7500 

right 
0.6333 
0.6111 
0.2500 

u-turn 
0.0333 
0.0556 
0.0000 

conditional busy turning probabilities 

left 
right 
u-turn 

left 
0.1667 
0.3750 
0.6667 

right 
0.7500 
0.5417 
0.3333 

u-turn 
0.0833 
0.0833 
0.0000 

frequency distribution of blocks traveled between turns 
number of blocks 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

overall 
38 
10 
13 
12 

3 
4 
4 
o 
2 
o 
o 
2 
1 

31 

tusy 
19 

4 
5 
4 
1 
2 
1 
o 
2 
o 
o 
1 
o 
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that patrol is resp:>nsive to crime l=flttems, es~cially given the limitation 

imp:>sed by the small sample sizes. 

2.2.4 Crilne and Patrol: pistance to Patrol cars 

In preparation for more complete analyses, a test was performed to 

examine the Sl=fltial relationship between crimes and p:>lire l=fltrol by measuring 

the distances from incidents to l=fltrol cars. It seemed reasonable to assume 

that if l=fltrol deters criminals from committing crimes, then when crimes are 

committed, they are not committed in the presence of l=fltrol cars. While this 

assumption is plausible for any specific point in time (e.g., one would not 

hold up a liquor store with the knowledge that a manned patrol car is parked 

across the street), it is not clear that a given patrol car deters crime in 

areas out of view of that particular uni t-

Our interest at this point was to develop a workable methodology for a 

more complete ex&nination of the Sl=fltial relationships between criminals and 

r:olice which was to be undertaken as put of the Dm. Our analysis of some 35 

unverified incidents revealed the problems inherent in the FLAIR-based 

measurenent and forced us to use a very labor-intensive schedule for monitoring 

the system. Had we later undertaken in-depth analyses without pretesting the 

measurenents, the efforts would have been troublesome. 

Essentially, the test procedure involved comparing distances from given 

locations to patrol cars corresponding to (1) a time when a crime had just 

occurred at the location: and (2) a randomly chosen point in time. If 

criminals oonsider the general pittern of l=fltrol when oommitting crimes, then 

one would expect the distance from a location of the nearest patrol car (or 

second nearest, or in general the kth nearest) to be larger when a crime has 

just occurred at the location as opposed to some other randomly chosen time. 

Conversely, taking a null hypothesis, one would argue that crimes occur 

regardless of the locations of patrol cars. These issues are considered in 

detail in Olapter 5. 

2.3 SUMMARY AND mocwSIONS 

The initial analyses reported here, which represented a pretest of the 

methodologies for the six-month DPE, demonstrated both the advantages and 

disadvantages of the FLAIR system as a research tool. 'nle IXetest also demorr 

strated the necessity for documenting problem areas as they occur so that 

awropriate feedback mechanisms oould be implemented. 

As noted briefly above, a major problem with the use of FLAIR as a re-

search instrument was the degree to which modifications had to be made in data 

gathering processes due to system limitations. The lack of a computer-

supported playback capability meant that alternative instrumentation was 

necessary before the system could be used as a data gathering tool. Addi­

tionally, software constraints programmed into the system required PSE to 

modi~ its initial data gathering methodologies. For example, at certain 

magnification levels, the FLAIR scree.'1 was unable to FCovicE a picture of car 

activities throughout the ~ntire district. 'nlus, if one wanted to "zero in" on 

certain cars and locations, other cars and locations could not then be ob-

served. It was only through the judicious switching back and forth from one 

area to another and by oontinual adjustment of the magnification level that all 

cars and locations oould be isolated. 

However, despite these constraints, it is clear that the FLAIR system 

provides a tool not available to earlier researchers. For example, had there 

been an AVM system available in Kansas City, unauthorized incursionsll into the 

"depleted beats" could have been monitored, analyzed and corrected. 

11See R.c. Larson, "What Happened to Patrol Operations in Kansas City? A 
Review of the Kansas City Preventive Patrol Experiment, It Journal of Criminal, 
Justice 3(1975):267-297. 
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3 rmE DIRECTED PA'mQL EXPERIMENT 

From January to July 1981 PSE conducted a directed };atrol experiment (D~) 

in District 3. Its primary purpose was to assess the use of an automatic 

vehicle monitoring system (the FLAIR system in St. Louis) for police patrol 

research in an obtrusive setting. '!be obtrusive as~ct of this investigation 

was the deliberate spatial redeployment of police officers and cars in a 

directed };atrol (DP) effort. A secondary ~pose was to us,~ the data collected 

to arrive at some substantive conclusions about the effects of a discretionary 

directed patrol program as implemented in st. Louis. The design of the OPE 

Iroceeded interatively. '!bat is, t.he measurement techniques and DP strategies 

were based on the results of the pretest, the realities of policing, and 

interaction with members of a departmental task force designated Py the Chief 

of Police. The following sections discuss characteristics of tce-DF£ };atrol 

operations in District 3, techniques used for FLAIR-based and other data 

collection, and results from m.)nitoring and measuring directed };atrol. 

3.1 DISTRICT 3 

District 3 comprises 9.8 square miles in the center of St. Louis. Its 

boundaries extend westward from the Mississippi River to Kingshighway 

Boulevard. The northeast section abuts the downtown area and includes both 

public housing developments and upper-middle class urban townhouses. The 

Anheuser-Busch corporate headquarters and numerous manufacturing plants are 

located in the southeast sectio~ The western boundary of the district, 

Kingshighway Boulevard, is a strip of fast food outlets and new and used car 

lots. District 3 has the largest population of the nine police districts, 

awroximately 93,500 residents in 1980. Over the };ast decade, the population 

fell by almost 30,000, a decrease of 24 pe.ccent from the 1970 total of 123,000. 
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'!his trend is not unusual in st. Ialis-city-wide the p:>p.ilation decreased by 

28 percent from 1970 to 1980.1 

3.1.1 Crime Patterns 

District 3 also .has the largest numbers of calls for service, crimes and 

arrests of ~ district. The incidence of property and personal crimes for the 

twelve months treceeding and the six months during the DPE is depicted by the 

graph in Exhibit 3.1. As would be expected, crime patterns in the district 

are seasonaL 'lllat is, the incidence of crime drops in early winter, reaches a 

high point in mid-summer, and tapers off to another low point the following 

winter. '!bus, the DPE was a:mdud:ed in an off-peak demand period in District 

3. Further, although the trends are similar in 1980 and 1981, the total number 

of crimes was lower in the latter year. In the first eight months of 1980, 983 

personal and 5,716 property crimes were committed in the district. '!he figures 

for 1981 are 917 and 5,372 respectively. This decrease is simliar to that 

experienced city-wid~ The number of crimes rep:>rted--in both District 3 and 

the remainder of the city--during the first eight months of 1981 was 6.1 

percent lower than the comp:rrable period in 1980. 

3.1.2 Existing Patrol Operations 

District 3 was divided into five precincts, or sergeant's areas, during 

the study. Each sergeant was resp:>nsible for three or four };atrol beats each 

staffed by a one- or two-officer patrol car: some sergeants were also 

resp:>nsible for district-wide vehicles such as the cruiser (often known as a 

paddy wagon) and the stack car (a car assigned to handle only low priority 

lDelay in the release of data from the 1980 Census of Population made it 
necessary to use estimates of the p:>pulation rather than the final counts. In 
addition, as the census tract boundaries do not match the boundaries of the 
p:>lice districts, these estimates must be taken as very rough. 

-~-~---~~---
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Exhibit 3.1 

Personal curl Property Crines 

in District 3, January 1980 to July 1981 
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calls that could be stacked in a queue and be dealt with at the officer's 

discretion). This configuration of beats and precincts is shown in Exhibit 

3.2.2 In addition to the };Strol cars, there ware two walking officers assigned 

to the low-income housing project in beat 3327, a tri-car (thr~wheeled motor­

cycle) which combined riding and walking assigned to the business districts, 

and a Patrol With a Purpose (PWP) vehicle. A watch commander was resp:msible 

for the activities of all the district cars and officers assigned to his 

platoon during each watch. 

Established in 1974, the PWP car's assignment was to focus on crimes 

against businesses. It was assigned to a fixed routr with a designated number 

of inspections to make each watch but was under radio control in high tx'iority 

si tuations. The assigned duties were outlined in a letter to the Board of 

Police Commissioners in November 1974 as follows: "Front and rear ins};ections 

of doOl's and windows will be made, as well as looking into premises for evi-

dence of holes cho~d through walls and ceilings. Vacant IXemises adjoining 

business places must be checked as possible points of entry for burglars. '!he 

inspection of construction site tool sheds and storage buildings will be 

assured. "3 

2During the study there were three equally-manned watches in District 3 
(and the SLMID): first watch 0"'00-1500 hours: second watch 1500-2300 hours: 
and third watch 2300-0700 hours. In January 1982, the district (and 
department) changed to uneven manning to accomodate differences in demand for 
p:>lice services l:¥ time-of-day. 

3Directed patrol was added to the district's responsibilities over and 
above the ones required by PWP. In Section 3.2 it will be seen that in con­
trast to PWP, directed };Strol was much larger and broader: it involved more 
officers, gave officers and watch commanders discretion over strategies, and 
was aimed at a wider range of incident~ Many police officers initially 
questioned the utility of a directed patrf.)l, which they perceived as an ela­
boration of the PWP p:-ogram, mtil they understood these differences. 
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Exhibit 3.2 

Beat and Precinct Botmdaries in District 3 

PRECINCT 

311 

PRECINCT 

312 
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3.2 DIRECTED PA'mQI, pRQCEQPBFjS 

To help explain the DPE to SLMPD personnel in District 3 and department 

headquarters, a statement of expected roles was circulated. 

respmsibili ties of the };rogram tBrticiIlmts were outlined as follows: 

Crime Analys~ to provide timely and accurate crime data to the 
district head:;Juarters, and to make recommendations for target crime 
and target areas; 

Communications Division to support tBtrol through adherence to the 
deployment plan and assist through additional telephone report 
taking; 

Patrol Officers to follow the deployment plans and to accurately 
report all activities, particularly locational information: 

Police Department Project Manager (PPPMl to make certain the };roj ect 
ran smoothly, to work with all commands, to rep:-esent the Office of 
the Chief in all decision making and to be responsible for 
interfacing with Public Systems Evaluation; and 

Public SZstems Evaluation to work as mediator in project-related 
discussions wi thin the department, and to be evaluator of project 
results. 

The 

'!be resp:msibilities of other oommands (e.g., traffic, canine, evidence) o{:er­

ating in District 3 were also outlined. '!be p:-etest revealed that these cars 

were not FIAIR-ohservable, but were in fact frequently op:rating in District 9. 

'!bus, to monitor their presence in District 3 during the DPE, all local acti­

vi ties of these commands were logged and chronological records by week were 

forwarded to the PDPM. 

3.2,1 Direcled Patrol Qoncgpt 

As implemented in District 3, directed patrol removed regular tB trol cars 

from call-for-service- responsibilities and reassigned them to tBtrol s{:ecified 

areas with the intention of deterring or detecting identified crimes or 

activities. '!be basic assumption underlying our obtrusive experimentation was 

that the mnnber of cars assigned to directed ~trol could be varied according 

to the needs of the district. Thus, from zero to three cars were assigned to 
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directed patrol de{:ending on the time of day and day of the week. For example, 

on a Tuesday afternoon with a light call-for-service workload, it might be 

possible to assign three cars to directed patrol. On a Friday night at ten 

o'clock in the summertime, all cars might be needed to answer calls for 

service. Given the fixed number (16) of patrol cars in District 3, the 

effective number of cars available for regular ~trol was reduced by the number 

of DP cars. Decisions about directed tBtrol were made by each watch oommander 

based on the overall workload in the district and the assumed need for directed 

patrol. 

A secorD assumption was that the directed tBtrol OOrDucted in District 3 

was to be highly discretionary. '!bus, the choice of assigned officers,4 target 

crimes (i.e., the crimes or activities officers were to focus on during 

directed patrol on a given watch), and target areas (i.e., the specific beats, 

sub-areas chosen for directed patrol on a given watch), was made by each 

commander based on information from the Crime Analysis section about the 

previous day's crimes and his intuitive judgments. '!bese decisions were made 

on a watch-by-watch or hour-by-hour basis. '!bus, a particular beat car might 

be assigned to conduct directed patrol from 11 a.ro. to 3 p.m. in an area where. 

a number of purse snatches or residential burglaries had recently occurred. 

Similarly, the choice of DP tactics was made by the officers assigned to 

directed tBtrol. For example, when purse snatches were the target crime, a DP 

officer might choose to walk the assigned beats or to survey a vulnerable 

,street OI' intersection from his tBtrol car. 

4While the ic'eal may have been to assign all officers to directed patrol on 
a rotating basis, some were more motivated and effective in conducting directed 
pa.troL Most offia!rs, howeverv eventually tBrticipated in the p:oject. 
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The flow of information and responsibility for implementing the DPE is 

shown in Exhibit 3.3. Data on calls for service and reported crimes were sent 

to the Crime Analysis section, which then made recommendations for p:ltrol 

activities in subsequent watches. Based on these recommendations, the watch 

oommander prepued a deployment plan describing how patrol is to be ooooucted 

in each watch (e.g., number of DP cars, assigned officers, target crimes, and 

target areas). Patrol officers were informed of the deployment plans in 

briefings at the start of each watch. '!he deployment plan was also forwarded 

to the disp:ltchers as a guide for sending cars in r.esponse to the calls for 

service screened by the call takers. Given this design, communication between 

the various players was essential to the experiment's success or failure. 

Disp:ltching procedures were an important link in the communications 

process. Designating a variable number of cars for dire":ted p!trol required 

changes in these procedures. DP cars were not to answer calls for service 

unless an officer was in need of assistance or a felol'¥ was in progress in the 

immediate vicinity of the car. Under all other circumstances the cars were 

restricted to oonducting directed ratrol. Both disp!tchers and p3.trol officers 

were informed that officers in DP cars were not to answer calls for service. 

To acoommodate ~ the variable reduction in the number of cars available to 

answer calls for service, two revisions in call stacking procedures were 

implemented First, the number ,and kinds of reports taken over the };hone were 

increased. In addition to incidents that had traditionally been resolved by 

oomplaint evaluators and sworn personnel without disp!tching a p!trol car, the 

SLMPD added larceny (up to $1,000) and stolen car reports", Increasing the 

number of };ilone reports decreased the call-for-service workload and facilitated 
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EKhiliit 3.3 

Ccmrnmications Channels for the DPE 

Cri.ne 0 

Ana.lysis----.. ----3 .. ~ Watch Comnander ___ --~.~Deployment Plan 

PDPM 

----------------~ .. -Dispatchers 

/ 
Complaint Evaluators 

Calls-Far-Service ~ 
\ 
Crimes 
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the transition to fewer cars available for regular pitroL Semnd, the number 

of stack cars was increased from one to two. Stack cars answered only those 

calls for service which muld be p.rt: in a queue (e.g., after-the-fact burglary 

or stolen car reports), leaving other cars free to respond to high priority 

calls. By managing demand in this way District 3 could undertake the DPE with 

minimum disruption. 

3.2.2 Using Qmrational Models in an Experimental Setting 

When resources are reallocated in an existing system, it is useful to know 

the o~rational mnsequences of such an action. Most tx>lice pitrol experiments 

involve a reallocation in Sp3.ce (and perhaps .in time) of existing tx>lice p3.trol 

units. Predicting a priori the operational consequences of any anticipated 

reallocation of police patrol resources can be a very complicated task. A 

tx>lice pittol force cx:mstitutes a spitially-distriooted set of "servers" in a 

sp3.tially-distributed "queueing" system. Even wi thoat a spatial component, 

stochastic queueing systems are highly non-linear and often quite counter­

intuitive in their behavior. When the Sp3.tial nature of an urban tx>lice p3.trol 

force is added, the mmplexities become ev'~m greater. '!hus, one is directed to 

some means of analytical assistance in order to obtain valid estimates of 

system behavior under al ternati ve allocations of resources. 

'!he tool used ~ PSE in its pee-analysis of District 3 operations was the 

Hypercube Queueing Model.5 The Hypercube Model requires as input to the 

5R.c. Larson, "A Hypercube Queueing Model for Facility Location and 
Redistricting in Urban Emergency Services," Comwters and Qperations .Research, 
1(1974) :67-95; also see R.c. larson, "ComIXIter Program for calculating the 
Performance of Urban Emergency Service Systems: User's Manual (Batch 
Processing)" Innovative Resource Planning in Urban ~ublic Safety Systems, 
Retx>rt 'lR-14-75, Massachusetts Institute of Technology, cambridge, MA, 1975; 
arid R.c. Larson and A.R. OOOni, Urban Qperations ResearGb, (Englewood Cliffs, 
NJ: Prentice Hall, 1981). 

44 

comp.lter a depiction of the map of the region being studied and the deployment 

of patrol resources on that ma~ The model produces as output a range of 

~rformance measures, including workloads of the \r,;;trious units, system-wide and 

area-averaged travel times, and numbers of cross-beat disp3.tches. We thus have 

a model-baseg means for peedicting the o~rational mnsequences of alternative 

deployments before they are implemented in the field. We believe virtually 

any eX};:eriment in tx>lice patrol could be informed and probably improved by the 

use of such analytical models in the experimental design process. Such models 

contribute to what could be called model-based evaluations. 

In our particular application in District 3 we were concerned wi th the 

effect on travel times, :patrol car workloads, and other measures, attributable 

to the reassignment of up to three regular call-answering patrol cars to 

directed p3.troL '!he watch commanders were enmuraged to select, on a day-to­

day and a tour-by-tour basis, the individual areas to receive the directed 

patroL '!hus, the design was to be flexible on a day-to-day basis. To reflect 

that fb.ct, PSE carried out a number of different Hypercube runs, each 

con'eStx>nding to a different p3.trol configuration. Thus, we were interested 

in determining the approximate effects of alternative DP assignments. The 

model was used with recent call-for-service and crime data in order to provide 

the realistic assessments required. In addition to studying alternative DP 

assignments, PSE also used the model to determine the degree to which existing 

patrol car beat assignments could (or should) be altered in order to prevent 

tmacceptable degradations of servioo under DPE conditions. 

The SLMPD supplied data on the characteristics of dispatched incidents 

that occurred bet'l-1een January and December 1980; these data were scaled to fit 

1981 call-for-service totals. Also supplied were data on mul tiple car dis­

patches and time s~nt out of service on nondirected incidents (such as meals, 

self-initiated calls, administrative work, etc.) For each configuration con-
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sidered, PSE conducted a Hybercube analysis for both average call-for-service 

rates and increased call-for-service rates as would be experienced in District 

3 on Friday evenings. To illustrate the usefulness of this 1:yt:E of analysis, 

we report here t.'1e results of Hypercube runs using average call-for-service 

rates. 

'!be Hybercube methodology will be illustrated here by considering in some 

detail five of the numerous runs that we conducted: 

Run No.1: Status Quo 

'!be status quo is the S!Btial allocation of p3.trol forces in Distri~ 
3 as of January 1981, just prior to the start of the DPE. In thls 
configuration, Distrlct 3 contained 16 regular beat patrol cars, 
numbered from 332l through 3336; five area sergeant's cars, num­
bered 3311 through 3315; two stack cars, numbered 3337 and 3338; and 
one district-wide cruiser (i.e., paddy wagon), numbered 3306. A 
summary of this numbering scheme is shown in Exhibit 3.4, and a map 
of the deployments is shown in Exhibit 3.5. Each sergeant's car 
J;a,trols an area coveri~ three or four regular p3.trol car beats, and 
has administrative resp:msibility for these beats; each of the two 
stack cars is assigned to one half of District 3, and has responsi­
bility for low priority calls generated from its area. '!he average 
district-wide workload is 18.69 calls for service p:r hour. Each call 
requires an average of 35 minutes of total service time. 'lbe ndis­
patch policy" for Run No.1 is as follows: given a call for service 
from a particul?I Pauly Block6 in District 3, 

1. First attempt to distBtch the beat car assigned to 
the Pauly Block; 

2. If the above is busy, dists tch the closest available 
beat car (with the estimation based on statistically 
averaged positions of cars and incidents)7; 

3. If all cars are busy, distBtch the area stack car; 

4. If all of the above are busy, diststch the area 
serge.ant's car I 

6Pauly Blocks are used by the SLMPD to record and analyze crime data. One 
Pauly Block generally consi.sts of 8 to 10 city blocks. 

7Technica.lly, this is called "expected strict ::enter of mass" disp3.tching. 
See R..c. Larson, Urban Police Patrol Analyusis (Cambridge, MA: MIT Press, 
1972), pp. 93-95. 
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Exhibit 3.4 

Standard ear Assignments for District 3 

Beat Patrol cars 

3321 3329 
3322 3330 
3323 3331 
3324 3332 
3325 3333 
3326 3334 
3327 3335 
3328 3336 

Sergeant's cars 

3311 
3312 
3313 
3314 
3315 

Total = 16 Beat Patrol cars 

Total Number of cars = 24 

Stack ~ 

3337 
3338 

Cruiser 

3306 

5. If all of the above are busy, disIBtch the district 
cruiser; 

6. If all of the above are busy, dis'fBtch the other stack 
car; 

7. 

8. 

If all of the above are busy, distBtch the available 
sergeant's car estimated to be closest; 

If all the above are busy, enter the call in a queue 
which is depleted in a first come, first serv'e manner. 8 

Run No. 2: Directed Patrol Plan No. ] (HYPothetical) 

This configuration is similar to Run No. 1 except that cars 3337, 
3331 and 3336 are assigned to directed IBtrol in their own beats. DP 
cars are the last cars ever to be assigned to calls for service. 
Thus, beats 3327, 3331 and 3336 are not covered by regular call-for­
service units. 'lbe beat map depicting this run is shown in Exhibit 
3.5. 

8While the model requires a mathematically formal dispatch policy as 
reflected by these steps, the idiosyncrasies of dispatchers in st. Louis 
yield a rather inexact disp3.tch IX>lic,y, particularly when seeking back-up cars 
which are not regular beat cars. The outlined policy represents PSE's best 
estimate of what should haPt:en if dispatching were rigourously formalized in 
District 3 and should yield a good approximation to actual performance. 
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Exhibit 3.5 

District 3 Patrol Beat. Hap, Rtm Nos. 1, 2 

Sergeant's 
Area 3314 

Stack car 3318 

f • 

3334 

3335 

, Stack car 3337 , 

3333 3332 

3330 

3328 
3329 

Sergeant's 
Area 3311 332 3 ~3_3_24-J..; ...... ...., ..... ., 

KEY: 

Bo\IDdary Ee'btleeI1 
Sergeant's Areas 
.... llIlllItllt 

3322 

Boundary Eei':ween &..rgeant' s 
Areas and P.etween Stack car Areas ...... .... 
Circled. cars are Directed Patrol 
cars in Run No. 2 

3326 

3325 
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Sergeant's 
Area 3313 

Sergeant's 
Area 3315 

Sergeant's 
Area 3312 

Cruiser 3306 Covers 
Entire District 
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Run No. J; Directed Patrol Plan No. 2 (flYpothetical) 

This configuration is also similar to Run No. 1 except that: (a) 
cars 3327 and 3324 are assigned to directed patrol in their own 
beats, and (b) car 3321 is assigned to directed patrol in beat 3336. 
Again, DP cars are the last cars to be assigned to calls for service. 
'!he beat map depicting this run is shown in Exhibit 3.6. 

Run No.4; .. Beat Design Modification 

'nle p,Jrpose of this configuration was to invr=stigate, indep:ndent of 
the directed p;ttrol exp:riment, whether the: beat design in District 
3 could be changed in order to reduce travel times or otherwise 
improve performance.. Run No.4 is illustrative of a number of runs 
attempted by PSE analysts to try to discover status quo (i.e., pre­
directed p;ttrol) designs which improved p:rformance. In this illus­
trative run, beats 3324 and 3330, heavy workload beats, are made 
smaller in size. Adjacent beats are also modified in their designs 
so that all areas are oovered. Otherwise, this run is similar to Run 
No.1. The beat map depicting Run No.4 is shown in Exhibit 3.7. 

Run Nee 5: ODen Beat . Concept 

This configuration models the effects of an op:n beat concept in 
District 3, a procedure that had been utilized in District 9 for over 
a year (see Chapter 2). With the open beat concept each police car 
tatrols the entire sergeant's area containing the car's usual beat. 
One of the underlying tililosoJ;hies of this concept is that patrolmen 
become bored p;ttrolling a small area and like to follow their hunches 
regarding where crimes are likely to occur and where p;ttrol is likely 
to be needed Except: for the sp;ttial reallocation of p;ttrol cars to 
sergeant's areas, Run No.5 is similar to Run No. 1. 

Several summary statistics of the five runs are shown in Exhibit 3.8. 'nle 

following Ferformance measures are shown for each run: 

• District--wide average travel time (in minutes) 

• Maximum beat-averaged travel tirre (in minutes) 

Maximum workload imbalance, as reflected by !:he maximum difference 
in workload (measured in fraction of time busy) between the busiest 
unit and the least busy unit 

o Fraction of diSFfltches that are cross-beat disp;ttches. 

'nle Hypercube runs revealed the effect of directed p;ttrol on travel times.. 

For example, switching from the status Quo (Run No. 1) to Directed Patrol Plan 

No.1 (Run No.2), changes the average travel time from 4.62 to 5.57 minutes. 
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Sergeant's 
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Exhibit 3.6 

District 3 Patrol Beat Map, Run No~ 3 

3334 

3331 

3335 
\ 3330 '-----1-' -I~-\ .... 

3336 , 
Sergeant's 
Area 3311 

~~3329 
@ll!J • 

KEY: -
Boundary Between 
Sergeant's Areas 

1I1J11i I llizic , 
Boundal:y Between Sergeant's 
Areas and Between Stack car Areas 

• • • • • • • • 
Circles cars are Directed Patrol cars 
in Run No. 3 
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3328 

; . 

. -------

Sergeant's 
Area 3315 

Sergeant's 
Area 3312 

Cruiser 3306 Covers 
Entire District 

\ , 

---------------------==----===============·~n~====~·=====_==· __________ ~~ 

Sergeant's cars, 
Stack cars, and 
the Cruisers are 
assigned as in 
Run No. 1. 

Exhibit 3.7 

District 3 Patrol Sector Map, Run tb. 4 
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Exhibit 3.8 

SUrnmatY Statistics for the Fiye Hypercube Runs 

Run No. 1 Run No. 2 Run No. 3 Run No.4 Run No. 5 

District-wide 
Average Travel 4.62 5.57 5,58 4.90 5.31 
Time (Minutes) 

Maximum 
Beat-averaged 5.76 6.81 7.21 5.62 5.92 
Travel Time (Minutes) 

Maximum 
Workload 0.691 0.739 0.742 0.730 0.689 
Imbalance 

Fraction of 
Dispatches 

0.278* that are 0.632 O~7l9 0.698 0.707 
Cross-Beat 
Dispatches 

*Reflects redefinition of be~ts to sergeant r s zones. 

The 4.62 minutes was calibrated to travel times experienced in District 3, 

where the parameter of calibration was the mean resJ;X)nse s'[:eed (which was set 

equal to 12.5 miles per hour). The increase to 5.57 minutes represents a 

20.6 percent increase in district-wide travel time. Directed Patrol Plan No. 

2 (Run No. 3), showed a similar increase in district-wide average travel time. 

The increase of 20 to 21 percent in district-wide travel time is typical of 

what we found in several different HyJ;:ercube runs in which thrE*= of the 16 beat 

p:1trol cars were assigned to directed p:1troL While we place no value judg-

ments on the increase in district-wide travel time, we c'b em};hasize that it is 

important for district commanders and experimental designers to know the conse­

quences (both positive and negative) of such propolsed operational {:'1anges. 

Based on such analyses, an experimental designer or a p:1trol administrator can 

select.: a p:1trol configuration that best achieves the desired new p:rformance 
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c=haracteristics with minimum degradations in regular service. Many previous 

patrol experiments have been somewhat limi ted in their experimental design 

phase ~ the lack of such use of o~rational models. 

'!be detailed computer printouts of the Hy~rcube model for Run Nos. 1, 2, 

3, and 4 are shown in Exhibits 3.9 through 3.12.9 We encourage the reader to 

examine some of the detailed entries in t.l-)ese exhibits in conjunction with the 

beat maps and the dispatching strategies, to develop a fuller intuition for 

status quo operations and the proposed revised operations. As an example of 

the detailed study of Run No.1, for instance, we llote that units 3321, 3325, 

332e and 3334 all have average travel times exceeding five minutes. All of 

these units are assigned to beats on the boundary of District 3, and three of 

them are in relatively large beats. The heaviest workload beats, as read off 

from Exhibit 3.9, are beats 3323, 3327, 3329, 3331 and 3336. Three of these 

beats, 3327, 3331 and 3336, are the beats selected for directed patrol in Run 

No. 2. In Run No. 2 those three beats will have no usual call-for-service car, 

but ;rirtually all of the calls for service Y.~ill be handled ~ other beat cars 

and ~ other back-up cars; the three DP cars are cars of last resort, as can be 

seen by examining the workloads of those cars in Exhibi t 3.10. Thus, the 

experimental designer must be concerned with untoward increases in beat­

averaged travel times for the three uncovered beats. Close examination of 

Exhibit 3.10 in compirison to Exhibit 3.9 illustrates, for instance, that the 

travel time of beat no. 3327 is increased to 6.826 minutes, up from 5.002 

miIUltes, an increase of 36.5 percent. '!be other two directed p:ltrol beats 

experienced increases of 32.2 percent and 18.8 percent, respectively, 

9we have not reportr~ the detailed computer pr intout for Run No. 5, because 
it does not pertain dir:~ctly to the DPE. 
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.8xhibit 3.9 

Run No .. 1 

EXPECTED SCM DISPATCHING 
PR08lEM TITLE: St. lOU1S Jan. 90 Status Quo 

* ITERATIVE APPROXIMATION METHOD USE~ * 
NUMBER OF ITERATIONS REQUIRED: t2 

UNLIMITED CAPACITY QUEUE WITH l_ST-COME I_ST-SERVED QUEUE DISCIPLINE 
RUN NUMBER: 1 
RESPONSE_UNIT ••• TOTAL NUMBER OF = 24 
~aulY_Dk ••• TOTAL NUMBER OF _ 85 
AVERAGE SERVICE TIME= 35.00 MINUTES 
AVERAGE NIJH~ER PER HOUR OF CALLS FOR SERVICE 19.690 
AVERAGE NUMBER F'ER 35.00 MINUTES OF CALLS FOR SERVICE 10.902 
AVERAGE UTILIZATION FACTOR 

(IN THE CASE OF UNLIMITED lINE CAPACITY). 0.4~4 

REGION-WIDE AVERAGE TRAVEL TIME- 4.6:24 MINUTES 

AVERAGE TRAVEL T!ME FOR QUEUED CALLS- 9.192 MINUTES 
PROBABILITY OF SATURATION_ 0.00043 
REGION-WIDE AVERAGE WORKLOAD (~ TIME BUSYl- 0.45427 
STANDARD DEVIATION OF WORKLOAD- 0.281 
MAXIMUM WORKLOAD IMBALANCE- 0.69115 

FRACTION OF DESPATCHES THAT ARE INTER-beat 

PERFORMANCE MEASURES THAT ARE SP~CIFIC 
- TO EACH RESPONSE_UN~T 

10 OF 

NAME 

RESPONSE_UNIT 
WORKLOAD 

NO OF UNIT 

U~IIT 
UNIT 

.-; UNIT S ttl UNIT 

.j.J ~ Ut/Ir 
III CJ UNIi 
~ UNIT 

Stack cars 
Cruiser 

UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 

3321 
3322 
33:3 
33:4 
3325 
3326 
3327 
33::8 
3329 
3:r30 
3~1 

3332 
3333 
.3334 
:!33S 
~336 
3311 
3312 
3313 
3314 
331~ 
3337 
3338 
3306 

0.598 
0.680 
0.642 
0.702 
0.602 
0.674 
0.600 
0.626 
0.702 
0.676 
0.680 
O.S9~ 

0.626 
0.580 
0.':'69 
0.679 
0.025 
0.029 
0.033 
0.025 
0.087 
0.208 
0.158 
0.010 

~ OF 
MEAN 

131.6 
149.7 
141.3 
154.4 
132.5 
148.4 
132.1 
137.9 
154.4 
148.8 
149.8 
130.: 
1:37.7 
127.7 
147.2 
149.4 

S.S 
6.4 
7.3 
... co ... .;) 

19.2 
45.9 
34.8 
2.3 

FRACTTON OF 
DISPATCHES 
OllT OF beat 

.6722 

.7404 

.5117 

.7419 

.6923 

.7439 

.:5036 

.6666 

.o4~4 

.7783 

.:5966 

.4657 

.6930 

.5728 

.~904 

.594~ 

.0163 

.0146 

.0123 

.0162 

.8306 

.0011 

.0023 

.0000 

:: OF 
MEAN 

106.3 
117.1 
90.9 

117.3 
109.5 
117.6 
79.6 

105.4 
102.0 
123.1 

94 • .3 
73.6 

109.6 
90.':' 
93.4 
94.0 
2.6 
~.3 

1.9 
~.6 

131. 3 
0.2 
0.4 
0.0 

o'IVERo'IGE 
TRAVEL TIME 

5.084 
4.:!::!5 
4.345 
4.145 
5.168 
4.:48 
4.703 
5.071 
4.334 
4.934 
3.939 
4.186 
4.891 
5.615 
4.467 
4.644 
3.7~7 
3.960 
3.468 
4.S14 
5 .1~S 
7.739 
60104 
9.363 

PERfORMANCE ME~SURES THAT ARE SPECIFIC TO EACH beat 

ID OF 

~IAME 

ce.t 
beat 
beat 
beat, 
b.at. 
beat 
beat 
beat 
~'9~t 
;'I!at 
beat 
beat. 
beat 
beat 
b .. at 
beat 

o~at 

WORKLOAD 
NO OF bfO'at 

3321 
3322 
3323 
33:24 
3325 
3326 
3327 
3329 
33;29 
3330 
3:331 
1332 
3333 
3334 
333;: 
3336 

0.523 
0.628 
0.891 
0.666 
0.459 
0.571 
0.998 
O.5~3 
0.921 
0.490 
0.94;2 
0.738 
0.513 
0.553 
'J .;138 
0.919 

FRACTION OF 
% OF 0 rSF'ATCHES 
MEAN INT~R-b.at 

115. i 
138.3 
196.2 
147.1 
10t.0 
125.6 
197.6 
121.7 
202.~ 
11)7.9 
:07.4 
162.4 
11:.8 
121.8 
t95.5 
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.4989 

.5612 

.6~:!O 

.6903 

.58:6 

.6532 

.6653 
1;.S065 
,6810 
• 65SS' 
.6590 
.5713 
.603:! 
.5612 
.,~.;e7 

% OF AVERAGE 
MEA~ TRAVEL TIME 

78.7 
88.7 
98.3 

109.1 
92.1 

103.3 
!OS • .::! 
9~L9 

107.;-
103.6 
104.2 
90.3 

38.7 
102.0 
ti)4.S 

4.340 
3.61b 
4.672 
5.64:5 
~.:108 
4.038 
S.OO~ 
4.648 
4.:!~4 

·L497 
4.42~ 
1.·~3: 

..:.746 
~.757 
5.010 
'1.817 

Exhilii t 3.10 

Run No. 2 
EXPECTED SCM DISPATCHING 
PROBLEM rITlE: St.lou. Jan 90 •• tatus auo + dp 327,331,336 own 

• ITERATIVE APPROXIMATION METHOD USED * 
NUMBER OF ITERATIONS REQUIRED: 19 

UNLI~ITED CAPACITY QUEUE WITH l_ST-COME l_ST-SERVED QUEUE DISCIPLINE 
RUN NUMBER: 1 
RESPONSE_UNIT ••• TOTAL NUMBER OF • 24 
ATOM ••• TOTAL NUMBER OF a 9~ 
AVERAGE SERVICE TIME= 3~.00 MINUTES 
AVERAGE NUMBER PER HOUR OF CALLS FOR SERVICE ld.690 
AVERAGE ~UMBER PER 3~.OO MINUTES OF CALLS FOR SERVICE 10.902 
AVERAGE UTILIZATION FACTOR 

(IN THE CASE OF UNLIMITED LINE CAPACITY)~ 0.454 

REGION-WIDE AVERAGE TRAVEL TIME- 5.~75 MINUTES 

AVERAGE TRAVEL TIME FOR QUEUED CALLS- 9.192 MINUTES 
PROBABILITY OF SATURATION- 0.JOO.3 
REG tON-WIDE AVERAGE WORKLOAD (% TIME BUSY)- 0.45427 
STANDARD DEVIAT!ON OF WORKLOAD- 0.=92 
MAXIMUM WORKLOAD iM8ALANCE= 0.7388. 

FRACTION OF DISPATCHES THAT ARE INTER-b.at_no - 0.71938 

PEF.FORMANCE MEASURES THAT ARE SPECIFIC TO EACH RESPONSE_UNIT 

ID 01" 
FRACTION OF RESPONSE_UN IT 

WORKLOAD % OF DISPATCHES % OF AVERAGE 
NAME NO OF UNIT MEAN OUT OF b •• t_no MEAN TRAVEL TIME 

UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT ___ UNIT 

UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 

.....",,.....-UNIT 
Stack cars UNIT 

---IlNH 
Cruiser UN IT 

3321 
3322 
33:23 
3324 
3325 
3326 
3327 
3328 
3329 
3330 
3331 
3332 
~333 
3334 
3335 
3336 
3311 
3312 
3313 
3314 
3315 
3337 
3338 
3306 

0.678 
0.717 
0.704 
0.739 
0.676 
0.7':!3 
0.000 
0.698 
0.734 
0.726 
0.026 
0.687 
0.700 
0.670 
0.714 
0.000 
0.138 
0.140 
0.153 
0.128 
O.2:!O 
0.419 
0.350 
0.163 

1.9.2 
151'.9 
1~4.9 

162.7 
148.7 
159.2 

0.1 
153.5 
161.6 
159.7 

5.6 
151.2 
154.1 
147.4 
1~7.t 

0.1 
30.4 
30.9 
33.6 
28.2 
48.3 
9'2.:i:! 
77 .1 
36.0 

.7742 

.7969 

.6575 

.9077 

.783:5 

.8144 

.9064 

.7781 

.7~3:! 

.8434 

.9::191 

.6761 

.7991 

.7210 

.6894 

.9Q61 

.0580 

.0.49 

.0224 

.0.67 

.6265 

.0188 

.0~12 

.0000 

107.6 
110.8 
91.4 

112.3 
108.9 
113.2 
126.0 
lOa.: 
100.5 
117.2 
138.9 
94.0 

111.1 
100.2 
95.S 

126.0 
9:1 
6.2 
301 
6.5 

97.t 
~.~ 
7.1 
0.0 

6.072 
!S .149 
5.401 
4.79:5 
6.241 
5.041 
8.;>39 
S.d9~ 

S.057 
~.S~7 

7 .. ~68 
5.079 
:5.607 
0.986 
S.321 
8.738 
3.S88 
3.950 
3. ~76 
4.694 
4.87S 
i.805 
6.332 
90111 

PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH b.at_no 

IO OF 
b •• t_no FRACTION OF 

WORKLOAD % OF DISPATCHES 
NAME NO OF b •• t_no MEAN !NTER-beat_no 

b.at_no 
b.llt_no 
b •• t_nc 
b •• t_no 
b •• t_no 
b.at_no 
bellt._no 
bOlat_no 
beat_no 
b.at._no 
b •• t_no 
beat._no 
beat_no 
b.lIt_no 
beat_no 
beilt_no 

3321 
3322 
3323 
3324 
J32~ 
3326 
33::!.~1 
33:::8 
33:9 
3330 
3331 
3332 
3333 
3334 
3335 
3336 

0.::;:3 
0.628 
0.891 
0.668 
0.·159 
().571 
0.698 
0.553 
O. ~::!l 
0.490 
0.94:: 
O.73e 
0.513 
0.553 
\) .888 
O.~lg 

11~ 01 
138.3 
196.2 
147.t 
101.0 
1::!5 'I~ 
197.6 
1~1. 7 
202.0 
107.9 
207.4 
162.4 
112.6 
121.8 
195.5 
:O:!.~ 
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.~390 

.S755 

.6437 

.6970 

.6161 

.6616 

.9401 

.6373 

.6723 

.':'643 

.9389 

.6:!62 

.6389 
• .,,109 
.6641 
.91179 

~ OF AVERAGE 
MEAN TRAVEL TIME 

74.9 
80.0 
39.5 
96 .. 9 
85.6 
92.0 

130.7 
98.6 
93.5 
92.3 

130.5 
87.0 
88.8 
94.9 
92.3 

131.9 

s.O.1~ 

·1.193 
S.3:!9 
4.047 
6.3:50 
4.611 
6.S~6 
5.471 
4.605 
5.365 
:5.849 
,~. 710 
5.79~ 
6.809 
5.734 
'S. 724 



:octo; - - -~----

Exhibit 3.11 

Rml No.3 

EXPECTED SCM DISPATCHING 
PROBLEM TITLE: Stlou,Jan80. as is+DP327,3:4(o~nI/321 1,,336 

~ ITERATIVE APPROXIMATION METHOD USED ~ 
NUMBER OF ITERATIONS REQUIRED: :~ _ PLINE 

UNLIMITED CAPACITY QUEUE WITH l_ST-COME 1_~1-~ERVED QUEUE DISCI 1 

RUN NUMBER: 1 
RESPONSE_UNIT ••• TOTAL NUMBER OF = :4 
A TOM ••• TOTAL NUMBER OF = 85 
AVERAGE SERVICE TIME= 35.00 MINUTES , 
AVERAGE NUMBER PER HOUR OF CALLS FOR SERVICE .8.690 
AVERAGE NUMBER PER 35.00 MINUTES OF CAL~S FOR SERUICE 
AVERAGE UTILIZATION FACTOR 

(IN THE CASE OF UNLIMITED LINE CAPACITY!- O.~54 

REGION-WIDE AVERAGE TRAVEL TIMEa 5.581 MINUTES 

AVERAGE TRAVEL TIME FOR QUEUED CALLS. 9.l9: MINUTES 
PROBABILITY OF SATURATION- 0.00043 
REGION-WInE AVERAGE WORKLOAD (7. TIME BUSY)- 0.454:7 
STANDARD DEVIAYION OF WORKLCAD- 0.:93 
HAXI~UM WORKLOAD IMBALANCE- 0.74178 

FRACTION OF DISPATCHES THAT ARE INTER-be~t - 0.698~0 

10.902 

PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH RESPONSE_UNIT 

ID OF 
RESPONSE_UNIT 

WORKLOAD 
NAME - NO OF UNIT 

---UNIT 

Stack Cars 

Cruiser 

UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIi 

3322 
3323 
3324 
.3325 
3326 
33:7 
3328 
3329 
3330 
3331 
3332 
3333 
3334 
333~ 

3336 
3311 
.3312 
3313 
3314 
331~ 
3337 
3338 
3306 
3321 

0.740 
0.714 
0.000 
0.679 
0.732 
0.000 
0.700 
0.74: 
0.716 
0.711 
0.657 
0.679 
0.653 
0.7tO 
O.72~ 
0.140 
0.139 
0.151 
00137 
0.232 
0.417 
0.3:36 
0.167 
0.000 

FRACTION OF 
% OF DISPATCHES 
MEAN OUT OF ~e~t 

163.0 
157.2 

0.1 
149.6 
161.2 

0.1 
154.0 
163.4 
1~7.7 

156.6 
144.7 
14Q.5 
143.7 
156.4 
159.6 

30.9 
30.7 
33.3 
30.2 
51.0 
91.9 
78.4 
36.8 

001 

.82:9 

.6825 

.9370 

.7976 

.8279 

.9183 

.7803 

.7421 

.8298 

.6640 

.59~9 

.761: 

.6809 
·6789 
7027 

.0638 

.0499 

.0244 

.0458 

.6737 

.0208 

.0518 

.0000 

.9148 

PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH b~at 

NAME 

beat 
be~t 

beat 
be~t 

bout 
be~t 

be~t 

beat 
beat 
beat 
beil'~. 

bt!at. 
,:le~t 

O$!:t 
ClEliilt 

10 OF 
beat. 

UORKLOAD 
NO OF beat 

3322 
3323 
3J:!4 
3325 
3326 
3327 
33.29 
.1329 
3330 
,3331 
3332 
3333 
3334 
3335 
';336 

0.628 
0.891 
0.668 
0.459 
0.571 
0.998 
0.553 
0.<;>21 
0.490 
0.',42 
0.7'39 
0.:'13 
0.553 
0.888 
'J, '~19 

FRACTION OF 
;: OF DISPATCHES 
MEAN INTER-beat 

138.3 
196.2 
147.1 
101.0 
125.6 
197.6 
1:1.7 
.202.6 
107.9 
207.4 
162.4 
11:.,3 
121.8 
t'TCj.5 

56 

.0812 

.'>553 

.9574 

.6:17 

.67~:! 

.Q417 

.639:; 

.0820 

.6545 

.6490 

.5965 

.61:-8 
• 59"'!t. . ,~~:; ~ ". 
.0734 

".! OF AVERAGE 
MEAN TRAVEL TIME 

117.8 
97.7 

134.1 
112.1] 
118. r 
131.S 
111.7 
100.: 
118.7 
"'5.1 
83.9 

109.0 
97.5 
97.~ 

lOO.6 
9.~ 

7.1 
3.5 
6.6 

96.5 
3.0 
7.4 
0.0 

l31.0 

4.97: 
5.395 
9.044 
6.:53 
4.961 
9.305 
6.000 
5.020 
5.768 
4.9~0 

.~.037 
S.'Y~2 
7.089 
5.4:9 
5 .. 47'2 
3.915 
3.976 
3.481 
4.634 
4.958 
7.808 
6.338 
9.089 
9.103 

;: OF AVERAGE 
MEAN TRAVEL TIME 

97.5 
93.<; 

137.1 
99,0 
96.2 

l34.9 
qt. :5 
97 • .> 
93.7 
9:.9 
85.4 

'?'" ,') 
93.1 
96.4 

5.364 
5.948 
4.963 
7.118 
~. 151 
7.213 
5.301 
4.8;'6 
4.751: 

';.7:!:! 
S.S:!9 
"', "4 Q 

,~ .31'~ 

5.388 
5,.414 
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Exhibit 3.12 

Rml No.4 

EXPECTED SCM DISPATCHING 
PROBLEM TITLE: S~. Louis Morllr1catlon 1 

~ ITERATIVE APPROXIMATION METHOD USED ~ 
NUMBER OF ITERATIONS REQUIRED: 11 

UNLIMITED CAPACITY QUEUE WITH l_ST-COME I_ST-SERVED QUEUE DISCIPLINE 
RUN NUMBER: 1 
RESPONSE_UNIT ••• TOTAL NUMBER OF = 24 
~aul~_bk ••• TOTAL NUMBER OF - 85 
AVERAGE SERVICE TIME- 3S.00 MINUTES 
AVERAGE NUMBER PER HOUR OF CALLS FOR SERVICE 18.690 
~VERAGE NUMBER PER 35.00 MINUTES OF CALLS FOR SERVICE 10.?02 
AVERAGE UTILIZATION FACTOR 

(IN, T~SE-..QF-~I-HHED LINE CAPACITY>- 0-.454 

REGION-WIDE AVERAGE TRAVEL TIME= 4.896 MINUTES 

AVERAGE TRAVEL TIME FOR QUEUED CALLS= 9.19: MINUTES 
PROBABILITY OF SATURATION- 0.00043 
REGION-W[DE AVERAGE WORKLOAD (X TIME BUSY). 0.45427 
ST~NDARD DEVIATION OF WORKLOAD- 0.:83 
MAXIMUM WORKLOAD IMBALANCE- 0.730t4 

FRACTION OF DISPATCHES THAT ARE tNTER-be~t = 0.70697 

PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH RESPONSE_UNIT 

10 OF 
RESPONSE_UN IT 

WORKLOAD 
NAME NO OF UNIT 

FRACTION OF 
X OF DISPATCHES 
MEAN OUT OF be~t 

;;: OF AVERAGE 

UNIT 
UNI'T 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT 
UNIT -tIl--- UN IT 

_ UNIT 

+J L'N IT 
S '" UN,IT (tl.... UNIT 

~t1' ~ UNIT 
D UNIT 

C/J UNIT 
UNIT 

Stack Cars 

Cruisers 

UNIT 
IJHIT 
UNIT 
UNIT 
UN!T 

3325 
3326 
3327 
3329 
3329 
3332 
3334 
3335 
3336 
3311 
3312 
3313 
3314 
3315 
3337 
3338 
3306 
3321 
3322 
3323 
3324 
3330 
3331 
3333 

0.5~9 
0.666 
0.602 
0.':'44 
0.715 
0.681 
0.574 
0.653 
0.679 
0.025 
0.029 
0.033 
O.O~5 
0.076 
0.~09 

0.lS8 
0.010 
0.569 
0.687 
0.740 
0.703 
0.601 
0.645 
0.581 

131.8 
146.5 
132.5 
141.8 
157.4 
150.0 
1:6.3 
143.7 
149.6 

S. al 
6.4 
7.3 
5.5 

16.7 
45.9 
34.7 

1~5.3 
ISl.:! 
162.9 
154.8 
132.3 
141.9 
127.9 

.6831 

.7269 

.5084 

.6983 

.67.~3 

.6936 

.5618 

.5460 

.S9S0 

.0157 
.0148 
.01l~ 
.0159 
.7768 
.0011 
.OO:!2 
.0000 
.8966 
.81~6 

.7327 

.9090 

.3700 

.7939 

.8463 

MEAN TRAVEL TIME 

96.6 
lO:.8 
71.9 
"'8.9 
"'5.7 
99.1 
79.5 
77.2 
84.2 

2.1 
1.6 

t09.9 
0.2 
0.3 
0.0 

l:6.8 
11$.4 
103.6 
128.6 
123.1 
110.9 
119.7 

5.321 
4.538 
4.8:4 
:;.19:.1 
4.!60 
~.::!36 

5.:571 
4.445 
4.7:7 
3.7~S 

3.861 
3.409 
~.490 

S.V7':! 
7.748 
6.099 
9.9'SO 
6.291 
4.730 
4.267 
4.648 
5.750 
4.604 
5.435 

PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH b~at 

NAME 

"out 
"e.t 
bout 
lJf!oat 
beat 
beat 
L'Elat 
:;h)at 

bElllt 
L,., B t 
b~,'l~, 

beit 
boat 
beat 
: ',::It 
b'ilat 

ID OF 
bElat, 

WORKLOAD 
NO OF beat. 

3327 
3329 
3329 
3332 
3334 
3335 
3:;36 
'3311 
.331:? 
3313 
33t4 
331':: 

0.~59 

n.S71 
0.898 
t').S~3 

0.<;>21 
O.73R 
O.S~3 

O.SSS 
o .'rl Q 

2.4~9 
1.927 
2.193 
':! .36,' 
1.'16 .. 
j~. \)84 
~.J19 

FRACTION OF 
:: OF OISPATCliES 
.'1EAN INTER-b"lat 

101.0 
1::15.6 
197.6 
1:1.7 
:02.6 
t62.4 
121.8 
195.5 
:O:!.: 
541.3 
424.~ 

43:.7 
Sl Q .S 
43:.3 
:;:)9.: 
060. <1 

57 

.5794 

.645::1 

.6655 

.6:!3~ 

.6948 

.6591 

.5542 

.63~1 

.6636 

.78~1 
• .s:;<;>0 
.7599 
.6261 
.7199 
.70S0 
.7057 

~; IJF AVERAGE 
MEAN TRAVEL TIME 

82.0 
?t.3 
?4.l 
88.2 
98.3 
9:;.~ 

78.4 
89.4 
93.7 

110.6 
90.4 

107.4 
a8.6 
l~l. 7 
LOO. l 
99.:3 

-. .... QO 
,J • ..:. •• 

4.064 
5.063 
4. 77,~ 
4.:::I:! 

:5 .. HS 
4.<34;" 
.1.850 
4.803 
4.823 
5.0:!7 
5.029 
4.774 
·1.aSl 
'. ~tJ 

-
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indicating to the experimental designer or the patrol administrator the 

magni tudes of the response time increases to be eX};ected by implementing that 

~rticular experimental design. In examining Exhibit 3.10 we see that the three 

DP cars spent very little of their time on calls for service, but when they do 

go on calls for service their average travel times are oonsiderably larger than 

those for regular patrol cars; this is because they are called only as a last 

resort, and therefore are very likely to be sent to distant points throughout 

the district:.. 

In conducting Run Nos. 2 and 3 and in similar runs not reported here, PSE 

attempted to develop general guidelines for use ~ District 3 watch commanders 

in implementing DP strategies, yet allowing the desired flexibility. Our 

general guidelines included such things as limiting the number of DP cars 

during heavy workload periods and assigning DP areas that were spatially 

separate from each other. The guidelines appeared, for the most part, to be 

adhered to throughout the six-month experimen~ 

Run No. 4 was one of several attempts to redesigl1 the beat configuration 

in District 3 in order to reduce average travel times and improve other 

performance measures. In large pal:'t, we were unsuccessful at doing this. 

Every strategy that we thought was reasonable actually increased the distrl.ct­

wide aVerage travel time. We thus arrived at the conclusion that beat design 

as currently implemented in District 3 is perhaps as close to the best beat 

design as one can find, where the criterion of optimality is district-wide 

average travel time. 

3.2.3 pirected Patrol Strategies 

On Monday, January 12, 1981, the directed ~trol experiment (DPE) began in 

District 3 at the start of the first watc~ TO acquaint patrol officers wir~ 

the change in operations, a videotape IX'esentation, which outlined the project 
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and explained the officers' roles and duties, was shown at all roll cal1s.l0 

Other PSE staff were present to answer questions before the start of the DPE 

and during the first week. More detailed discussions were held with oommand 

staff during this period For the first watch, three pitrol cars were assigned 

to directed pitrol: two began at 8:00 am and oontinued until noon, the third 

car began at noon and continued until 3:00 pm. 

During the study, diverse aPIX'oaches and activities were subsumed under 

the title of directed pitroL '!be diversity occurred largely because decisi~ns 

about DP deployment were made ~ each watch oommander in acoordance with his 

perception--aided by daily crime analysis bulletins--of the needs of the 

district, preCincts, and beats. Thus, a variety of target areas, target 

crimes, and the street-level activities were assigned to directed patrol during 

the six-month perio~ Contributing also to diversity was the widespread 

distribution of DP assignments among the district's officer~ 

In addition, because directed pitrol spatially reallocated the district's 

existing resources, the remaining patrol cars had to respond to calls for 

service in the DP cars' customary beats. '!bese district-wide rearrangements 

were also subject to the discretion of the watch commanders. Consequently, a 

variety of strategic configurations wer~ used during the study to 

operationalize the directed patrol concep~ The three configurations which 

accounted for 92 percent of the 719 OP assignments are depicted in Exhibit 

3.13, and summarized below: 

'!he most oommon arrangement, Strategy 1, designated a single beat as 
the OP target area, and simply shifted responsibility for radio 
assignments from the beat car to one or two "cover cars lll in adjoining 
beats. The beat car then had 100 percent of its time available for 
patrol within its ac~ustomed beat. This strategy was used in 36 
percent of all the OP assignments. 

10or. Joon F. Runcie IX'epired the videotape J;resentation. 
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Beat 1 

Beat 2 

Beat 2 

Beat 2 

Exhibit 3.13 

COnTccn Directed Patrol Strategies 

Car 1 
(DP car) 

Car 3 

~ 
cfs cfs 

~CfS 
Car 1 

Car 3 

J 

Beat 3 

DP Precinct 

Beat 3 

Beat 3 
60 

STRATEGY 1 

--One beat chosen as Directed Patrol 
Targf'~t Area 

--Designated Directed Patrol car is beat' 
custo~ary radio car 

-r'~,---

--Calls for Service (CPS) in t~rget area 
attended to by one or two neighboring _ ._, 
beat cars 

Frequency of use in CPPE: 36 % of all ~~ 
Directi'd Patrol assignments 

STRATEGY 2 

--One 3-4 beat precinct chosen as 
Directed Patrol target area 

--Designated Directed Patrol car is one 
of the precinct's beat cars 

--Calls for Service in depleted beat 
attended to by one or two of 
precinct's remaining beat cars 

Frequency of use in CPPE: 31% of all 
Directed Patrol assignments 

STRATEGY 3 

--One beat chosen as Directed Patrol 
target area 

--Designated Directed Patrol car is 
reassigned from normal duties in 
its customary beat 

--Calls for Service in depleted beat 
attended to by car or cars outside 
the target area 

Frequency of use in CPPE: 25% of all 
D~rected Patrol assignments 

.... M! 

---~ 

--
'~"':t...., 

~i 
~ 

~-"',,,-, 

r, 
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~ 

~ 
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In Strategy 2, the DP car was assigned to a target area oonsisting of 
an entire precinct (i.e., three or four beats). '!he remaining cars in 
the l.%ecinct were dis{Btched to radio assi9!"_1!1ents in the now depleted 
beat. 'Ihls strategy was used in 31 percent of all the DP assignments. 

The DP target area in Strategy 3 was also a single beat. However, 
the DP car was reassigned from an outside beat, resulting in one DF 
car and one regular {Btrol car in the DP beat. Calls for service in 
the depleted beat were attended to ~ one or two of its neighboring 
beat cars. This strategy was used in 25 percent of all DP 
assignnents. 

If more than one DP car was assigned during a watch, different strategies were 

often used for each.ll 

This {Bttern of relying pcimarily on Strategies 1 and 2 tended to keep DP 

cars in or near their home beats. In approximately 62 percent of the beat­

level DP assignments, the DP car was assigned to its home beat, and in another 

15 percent to another beat in its home precinct. In approximately 96 percent 

of the precinct-level DP assignments, the DP car was assigned to its home 

precinct. '!hus, officers conducted directed r;:atrol in the areas they were most 

familiar with. 

The distribution of DP assignments by car and beat is sho\,Tn in Exhibit 

3.14. Two observations about DP strategies are apparent in these figures. 

First, there was significant variation in the number of times a given beat was 

chosen for directed {BtroL Four beats-32l, 322, 326, and 33l-accounted for 

only 7.4 percent of DF assignments, while another four beats--324, 327, 330, 

and 332-accounted for 55.1 percent. Directed patrol was clearly not 

distributed evenly across the district. Second, watch commanders tended to 

assign cars to directed {Btrol according to the relative frequency of calls for 

service in their home beats. The four cars mo.~t loften assigned to directed 

patrol rank 16, 7, 8 and 15 in terms of call:-for-servi,pe-volume in their home 

llusing the HYPercube Queueing Model, PSE aralyzed the operational changes 
when (1) three cars were assigned to Strategy 1, and (2) two cars were aSSigned 
to Strategy 1 am one to Strategy 3. See Section 3.2.2 for the results. 
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Exhibit 3.14 

~ -----------------------------------------------------~ -------------~---------------------
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beat. At the other extreme, of the four cars least chosen for directed patrol, 

the home beats of two-335 and 336-rank 2 and 3 in call-foI'-service volume. 

llf-&'eas by Calls for Seryice and Car Assigned logic argues then, that they should have been chosen less frequently since they 

would have been "missed" had they been reJfitoved from ordinary dis!Btching. 'lhls 

consideration of heavy versus light workloads indicates that the watch 

commar ""ers relied on more than just crime analysis information when making DP 

assignnents. 

calls 
Patrol .m .QlQ:a~D 
At.ea Seryice ~ fot DP 

3:ll 4.32% 16 1.86% 
322 5.55 10 1.86 
323 7.44 4 4.26 
324 8.97 1 9.57 
325 4.40 15 2.93 
326 5.22 11 1.86 
3Z7 6.73 7 21.81 
328 4.57 14 7.71 
329 7.02 6 4.26 
330 5.03 12 10.11 
331 7.33 5 1.86 
332 5.56 8 13.56 
333 5.67 9 3.19 
334 4~94 13 5.59 
335 7.61 3 4.52 
336 8.55 2 5.05 

Total 100.00% 100.00% 
(N) (53,829) (376) 

Ptecinct 

311 26.28% 1 22.69% 
312 16.35 5 21.13 
313 19.65 3 21.13 
314 21.10 2 15.12 
315 16.62 4 19.93 

Total 100.00% 100.00% 
(N) (53,829) (206) 
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Cat II:aeg 
.BanK fot DP 

13 8 .. 38% 
13 5.49 

9 6.50 
4 6.50 

12 7.37 
13 4.11 
1 7.87 
5 4.30 
9 6.50 
3 6.50 

13 7.19 
2 7.51 

11 5.83 
6 6.18 
8 4.63 
7 5.14 

100.00% 
(582) 

1 
2 
2 
5 
4 

BanK 

1 
12 

6 
6 
4 

16 
2 

15 
6 
6 
5 
3 

11 
10 
14 
13 

'!he choia! of one DP strategy over another had im};X)rtant implications for 

the potential increase in pitrol time wi thin the DP target area. Pattol time 

can be thought of as unoommitted time: that is, the nUItber of hours not sp:nt 

f responding to calls for service, eating meals, writing reports or otherwise 

;~ 
~:~ 

"out of service." The total patrol time available in a given beat would then 

include the !Btrol time s~nt ~ a regular !Btrol car as well as that sp:nt by 

an assigned DP car (w~ose hyp:>thetical !Bt.rol time is 100 p:rcent). 

Exhibi t 3.15 shows the potential improvement in patrol time associated 

~ wi th each of the three most oommon DP strategies. ';Q;12 exhibit illustrates the 

effect of a given strategy used in a DP assignment under two hypob~etical 

workload conditions. Under a mode tate workload, 50 percent of a watch (for 

"',-, regular !Btrol cars) is sp:nt res};X)nding to calls for service or otherwise out 

of servia!. '1hl.s is a reasonable asswnption as the average out-of-service time 

in District 3 during the study was 4.03 hours, or 50.4 percent of an eight-hour 

watch. Under a light workload ooooition, 33 p:rcent of the watch is asswned to 

be spent out of service. (During periods when CFS volume was high, watch 

~" . oommanders frequently curtailed or cancelled DP assignments.) 

Because actual !Btrol time is affected ~ several other factors as well, 

Exhibit 3.15 is useful primarily for comparing strategies, rather than 

predicting outcomes under any one of them. '!he exhibit clearly indicates the 
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Exhibit 3.15 

Potential Increases in Patrol Time in DP Target Areas 

Under Two workload Msumptions 

Moderate workload* Light workload! 

Change Change 

~ta.l .fmm ~tgl .fmn 
Hours Status Quo Hours Status Quo 

status Quo 4.00 5.33 

Strategy 1 (DP target 
8.00 100.0% 8.00 50.0% 

beat tatrolled by 
custanary radio car) 

Strategy 2 (DP target Beat 1 2.67 -33.3% 2.67 -50.0% 

precinct patrolled by one Beat 2 4.67 16.7% 6.67 25.0% 

of trecinct' s radio cars) Beat 3 4.G7 16.7%· 6.67 25.0% 

strategy 3 (DP target 
12.00 200.0% 13.33 150.0% 

beat tatrolled by radio 
car fran another beat) 

*Moderate workload assumes 50 I;ercent of a regular tatro1 car's watch time is 
spent out of service. Light workload assumes 33 percent of a regula: patr~l 
car's watch time is spent out of service. In both cases, the rema1nd~r ~s 
considered to be tatrol time. DP cars are assLll!'ed to. sp:nd. 100 I;ercent 0 e 
watch on tatrol time. '!he total tatrol time ava1labe ~n a gl~en bec:t equals the 
DP car's patrol time plus the regular patrol car's (If one 1S ass1gned to the 
DP beat) patrol time. 
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superior p:>tential of Strategy 3 to increase tatrol time in the DP target area. . 

Under non-busy as well as moderately busy conditions, Strategy 3 at least 

doubles the increase in patrol time produced by Strategy 1. Strategy 1, in 

turn, at least ambles the r-otent.ial increase in patrol time generated t.mder 

Strategy 2. The potential increase in tatrol time from Strategy 2 is minor in 

both a relative and an absolute sense. 

'!he sp:!cific crimes targeted by watch oommanders for directed p:ttrol were 

burglaries (both business and residential), street robbery (including purse 

snatch), and auto-related crimes (including vehicle theft, auto tarts theft, 

and break-ins). These target crimes were assigned with relative frequencies as 

follows: 

Single Target Crime Assignmen1:s: 

Residential Burglary 
Auto-Related Larceny 
Street Robbery /Purse Snat.:ch 
Busiress Burglary 

Multiple Tcu:'get Crime Msignment:i.: 

All DP Assigrnnents 
(n=707, 12 cases missing data) 

47% 
23 
20 
10 

60% 

40 

100% 

Directed patrol operations at the precinct level (i.e., Strategy 2) were 

distinguished by a greater tendency among watch commanders to designate two or 

three target crimes. Whereas multiple crimes were targeted in 32 I;ercent of 

all beat-level DP assignments, 46 percent of the preCinct-level assignments 

were deployed against multiple target crimes. Watch commanders specifying 

precinct-level dir.ected patrol with multiple crime targets' may have cbne so in 

deference to the judgment of t~e assigned officers. In these cases the 

&'ployment plan may have been intended to set parameters within which assigned 

DP officers were to exercise discretion in allocating DP time to target crimes. 
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There appeared to be wide variation in the crime-specific DP tactics 

chosen by the officers. Study of the DPE at the street level is somewhat 

hampered by a lack of information available from the officers' DP activity 

logs. It is not possible to determine the extent to which distinct J;atterns of 

officer activity were associated with the various target crimes. However, the 

logs indicate that at least some of the officers actively engaged in crime­

specific patrol tactics in their assignments. Officers targeting auto tarts 

larceny occasionally report having spent a portion of the watch conducting 

surveillance of parking lots; officers targeting purse snatching and street 

robbery sometimes report having spent a portion of the watch on foot };:Strol in 

certain areas; officers targeting burglary sometimes indicate building security 

checks as a major activity. As 160 of the district's officers J;artici};:Sted in 

DPE, it may be inferred that the utilization of crime-specific tactics was 

subject to considerable variatio~ 

These variations in DP strategies and tactics reflect the discretionary 

nature of the DP& However, deployment of a DP car throughout a precinct 

versus a beat, designation of multiple target crimes versus a single target 

crime, and assignment of one officer versus another, are choices whic~ taken 

together, produce extensive variation at the street-level. Evaluation of 

directed J;atrol requires thorough and accurate mOnitoring of this variation in 

order to identify the CX)l'xUtions under which directed };:Strol can be expected to 

operate most effectively. The following section describes FLAIR-based and 

other techniques used to monitor and measure directed };:Strol in District 3. 

3.3 QrroRDKl AND MEAStJRIOO DIRECTED PATROL 

The IX'imary purpose of the DPE was to assess the use of the FLAIR system 

in an obtrusive IX>lice };:Strol experiment. There are two w8!js in which FIAIR 

can be used in this setting: (1) to monitor the activities of IBtrol cars to 
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determine the extent to which experimental corxUtions are maintain~, and (2) 

to measure the effect of directed J;atrol on district operations. However, not 

all aspects of experimental integrity can be monitored through FLAIR, nor can 

all the operational effects of directed patrol be measured automatically. 

Thus, two main categories of data were collected during the DPE: FLAIR-based 

data and non-FLAIR data. The eight-hour watch was used as the analytic base 

for both types of data. This section first reviews the data gathering 

procedures followed during the DPE, then looks at some results from mini­

experiments with FLAIR-based and non-FLAIR monitoring, and concludes with the 

results fran FLAIR-based and non-FLAIR measurements. 

3.3.1 FLAm-Based and Non=FIAtR Data Gathering 

One of the primary purposes of the District 9 pretest was to implement 

procedures to record, and then compile, the volumes of data that would be 

generated during the DPE. An early decision was made to have all data sent to 

the PDPM who would act as a clearing house; the PDPM had sufficient authority 

to ensure that data were delivered on schedule. As each week's data were 

gathered, the information was categorized and then sent to PSE for review. 

Missing data items were noted and requests sent to the PDPM for the missing 

items. In virtually all cases, except where the requested data did not exist, 

the requests produced the missing data items. 

FLAIR-based data were collected in two principal ways. First, as 

described in Chapter 2, the FLAIR system does not remember or record the 

movements of J;atrol cars. Thus, when information was required on the movement 

of patrol cars during a given watch, the FLAIR display was visually monitored 

by a PSE staff member. When appropriate, the display was videotaped to allow 

p18!jback. Second, at the end of each watch, FLAIR produces a written summary 

of all FLAIR-re1evant activity during the preceding eight hours which includes: 
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(1) number and locations of emergency transmissions (an officer safety 

feature); (2) the number of automatic ini tializations by signpost; (3) FLAIR 

activities by district (i.e., map changes made by disp:itchers, number of times 

cars were lost by FLAIR, number of FLA~observable cars, total miles traveled, 

and number of signpost initializations); (4) a list of the 20 most active cars; 

and (5) mileage, ini tializations, and requests to verify location by car. A 

sample copy of this output is presented in AH;endix II. 

'Ibere were several sources of non-FLAIR data. Officers on directed patrol 

were required to fill out a log sheet, depicted in Exhibit 3.16, detailing 

their activities on the assignment. Arrests made by other officers were 

recorded by the watch commanders on the regular p:!.trol log, depicted in Exhi'tJit 

3 ()17. In addition, a copy of the deployment plan for each watch was forwarded 

to PSE. Utilizing the log sheets and the deployment plan it was possible to 

map changes in patrol strategy from one day to the next, to note manpower and 

vehicle availability, and to note crime and arrest patterns. This information 

was forwarded weekly to the PDPf.1. 

Several other records and reports were collected by the PDPM for use in 

the experimentc For example, Chronological Car Activity reports were used to 

determine the degree to which DP cars had been removed from answering calls for 

service, as well as to provide a number of district-wide radio analyses. Also 

forwarded to the PDPM were summaries of other commands operating in the 

District each week; the activities of ~bservable cars; the incidence of 

target crime in the district (published at intervals by the Crime Analysis 

section); and the incidence of district-wide cr ime and arrests. 

3.3.2 FLAlR:Based Monitoring 

'1lle FLAIR system proved to be a valuable source of information on directed 

patrol activities. Throughout the experiment, it was used to (1) maintain 

68 

"1: 
~,. ~ 

j 
~--, p.~, 

Exhibit 3.16 

pirected Patrol Log Sheet 

(Canpleted by Officers on DP Assigrnnent) 

DATE~ ____________________ _ w.MOCH~ __________________ _ 

VEHICLE No. ____ . ____ _ RADIO CALL I.E'ITERS<--______________ , 

ONE OFFlCER~ ______ _ 'Im OFFICERS 

NAME & DSN OF OFFICERS ASSIGNID~ _____________________ _ 

~ ~~~-----------.-------------------------------
~ PNmO~~ __________________________________________ __ 

TIME PATROLLED~ __________________________________________ __ 

ARRESTS: ('l'y];:e, number, location-be specific: time, complaint number) 

FINn TNrBT·T.IGOCE REPORTS: (Location, number at each location, t:ime) 

CJmER ACrIVITY OR INFORMATION: 

USE A SEPARATE FORM FOR FAQI INDIVIDUAL ASSIGNMENT PER WMOi 
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Exhibit 3.17 

Regular Patrol Log Sbeet 

(Completed b¥ Watch COmmanders) 

DATE~ _________________ __ W~L __________________________ __ 

TYPE ARRESr, NUMBER, LOC...1\TIOtc=BE SPOCIFIC: TIME, cct1PLP-.mr NUMBER) 

(1) CALL LETTERS~ __ _ OFFICER(S) ______________ _ 

ruIDIOD~ID~ __ _ SELF INIT~~ __________ . ____________ ___ 

(2) CALL LETTERS~ __ _ OFFICER(S) ______________ _ 

ruIDIO DIRECrID. __ _ SEI:.,F INITIATED, ______________ _ 

(3) CALL LETTERS~ __ _ OFFICER(S) ______________ _ 

ruIDIO 'D~ED~ __ SELF lNITIATED~ _______________ _ 

A FORM REPORTI~ ARREST INFORMATION, WHETHER NEx:;ATIVE OR POSITIVE, IS TO BE 
PREPARED FUR EArn WATCH. . 
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control over the DP cars and activities, (2) monitor unusual occurrences and 

record the cars' activities for analysis at a later time, and (3) conduct tests 

of the experimental procedures. Results fI'an this last use provided feedback 

that identified behaviors, occurring early in the experiment, which were 

outside the bounds of activities defined as acceptable. 

For example, near the start of the DPE it appeared that there was some 

question as to the integrity of the DP areas. In other words, it seemed as if 

DP cars were straying from their areas or were being joined in the area by 

~' cars not assigned there. To assess these problems, a "mini-experiment" was 

11l'''-: 

1 
p 

~.~~ ~'~ 

conducted. For a two-week period PSE randomly sampled DP assignments from 20 

percent of all watches. If more than one car was assigned to directed :r;atrol 

on the chosen watch, one car was chosen at random from those assigned. For 

each car chosen, the following information was recorded based on observation 

(and taJ;es) made from the FLAIR system console: 

• time on directed :r;atrol (in minutes) 

• time DP car remained in DP area (in minutes) 

• time DP car was not in DP area (in minutes) 

• ntnnber of times DP car left DP area 

• number of times DP car's location was uncertain, according to FLAIR 

• time DP car I s location was uncertain (in minutes) 

• rationale, if any, for deviations by a DP car from its assigned area 
(radio dis:r;atch, self-initiated, no reason, etc.). 

Exhibit 3.18 com:r;ares the total amount of DP time for the sample vehicles 

with the total time each car spent in and out of its assigned DP area. The 

average amount of DP time was 272 minutes J;er DP car J;er eight-hour watch, with 

an average of 133 minutes spent in the assigned DP area and an average of 139 

minutes spent outside the area. The exhibit reveals considerable variation 

among the sampled vehicles in the proportion of ti:iie spent out of the assigned 
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OP area. As little as 10 percent and as much as nearly 80 percent of OP time 

is seen to be directed toward activities outside the OP area boundaries. '!hese 

excursions flagged the need to instruct officers to tBy greater heed to staying 

wi thin the boundaries of the DP areas. 

Another ooncern to the police researcher using an AVM system is that cars 

whos~ locations are uncertain could weaken the integrity of an experiment (the 

cars oould be inside an assigned area, or outside). An analysis similar to that 

for excursions was performed for the times the sampled OP cars l(::ations were 

uncertain. Again, there was considerable variation: the time a car's location 

was uncertain ranged from 0.0 percent of the OP tour to 37.0 percent, with a 

mean of 16.3 percent. '!hese results suggested the need to prompt disp:ltchers 

to verify more quickly the locations of "lostH cars. 

'!hese examples illustrate just two of the w~s in which FIAm can be used 

to monitor obtrusive police patrol experiments. Regardless of the factors 

contributing to this observed variation, the findings strongly support the need 

for careful and continuous monitoring of OP operations. As noted above, the 

FLAm system allowed PSE to monitor all FIAm -observable cars on all watches 

throughout the course of the O~ PSE's approach was to note any deviations 

from experimental conditions, suggest appropriate corrective ac'tions to be 

taken and be available to explain the necessary changes. In some cases the 

changes went into effect with no problems, in some cases, there were heated 

debates over procedures and in other cases no changes were made for safety 

reasons. 

3,3.3 other Monitoring 

While not relying totally on the FLAIR system, another experimental 

validi ty check did begin with FLAIR. At the onset of the OPE, PSE was 

concerned that OP cars might not be removed from answering calls for service as 
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Exhibit 3.19 

Distribution of Radio Transmissions for Regular and 

Directed Patrol Cars. Weeks 1-4 of the oPE. by Watch 

First watch Second watch Third Wat.ch 

Regular Directed Regular Directed Regular Directed 
,fatrol Patrol Patrol Patrol Patrol Patrol 

Dispatched Incident 52.4% 16.5% 57.2% 20.8% 47.1% 23.7% 

Self-Initiated 32.2 69.8 29.4 58.5 32eO 65y8 

Dispatched Assist 7.5 2.2 8.4 11.3 15.3 3.9 

Infonnation Received 7.9 11.5 5.0 9.4 5.6 6.6 
or Requested 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

(N) (3728) (139) (3992) (53) (2855) (76) 

the experimental design required. A visual (an::l aural) monitoring of FLAIR was 

instituted which suggested that a further assessment should be unde.ttaken. A 

complete count of all radio calls during the first four weeks o:t the DPE was 

made. As can be seen in Exhibit 3.19, the DP cars showed a marked change over 

regular patrol cars in their radio activity. The percentage of radiO"directed 

incidents is considerably lower for DP cars than regular p:ltrol cars, no matter 

which watch is cx:mcemed. At the same time, the percentage of self-initiated 

calls engaged in by DP cars is approximately twice as large as those for 

regular pitrol cars, again, regardless of the watch. 

A second concern for the integrity of the DPE stemmed fran the presence of 

non-p:ltrol or other oommaOO cars (i.e., traffic, cani.ne, evidence) in District 

3. These cars were not FLAIR-equipped, yet one wanted to know how often they 

were in the district. The presence of these other unrnonitored (by FLAIR) cars 

has potential implications both for the present study and for any larger study 

of police patrol that might be undertaken. Thus, these cars were required to 
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record their locations each time they entered the district. The average number 

of incursions h¥ vehicles of these non-p:ltrol command was 16.3 per watch during 

the OPE.. In a larger and more in-depth research project, a greater amount of 

& time would be spent to more precisely record the locations and activities of 

1) 
---=,~. ~! 

these commands. If the priority were high enough, the cars could be FLAIR­

equipped. Nonetheless, even at the preliminary level of this study it was 

possible to account for the presence of unmonitored vehicles. As will be 

described in Chapter 5, knowing unrnonitored cars are present means that it is 

{X>ssible to take them into account when oonstructing statistical models. 

3.3.4 FLAIEtBased Measurements 

In addition to its monitoring cap:lbilities, FLAm was used to measure the 

level of patrolling, or police presence, in the district. There are at least 

two types of information that FLAIR can provide in this area. First, FLAIR 

records the total miles traveled h¥ each FLAIR-observable car each watch, and 

computes averages for each district. While there is always some number of 

vehicles in which the FLAIR transmitter is inoperable (usually no more than 1 

or 2 of the 24 FLAIR-observable cars in the district), these figures 00 allow 

for certain rough comp:lrisons among districts and cars.. No discussion of miles 

traveled by DP cars as oR?Qsed to regular p:ltrol cars is included here as 

t.l}e standard FLAIR output only displays total mileage for each car by watch. 

Since virtually all DP assignments extended for less than a full eight-hour 

tour of duty, comparisons of total miles traveled by DP versus regular p:ltrol 

cars would be inconclusive. Under the aegis of a larger research project a 

r&-programming of the FLAIR system to provide hour-b~hour mileage readings by 

car would be extremely useful. 

Second, the FLAm system records p!trol cars' l'8ssings at sign{X>sts. As 

noted earlier the installation of fixed signposts improved the locational 
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accuracy of FLAIR by automatically recording the locations of cars when they 

passed a signpos~ This decreased the number of times dispatchers had to 

request car locations over the radio, and reduced the incidence of "lost" cars. 

This automatic reinitialization caI;Bbility also means, for any police patrol 

experiment using an AVM system such as the FLAIR system, that a reasonably 

close check can be kept on patrol cars at all times and that constant and 

continuous calibration of the experiment is possible. In addition, the 

signposts provide an additional tool for the police researche~ Patrol inten­

sity in an area can be examined ~ noting the frequency with which p:ltrol cars 

pass signpost locations. Clearly, the greater the number of passings in a 

given time t:eriod the greater the p:ltrol intensity in that area. 

Exhibit 3.20 shows the average number of passings per watch during the OPE 

for each fixed signpost in or on the borders of District 3. Exhibit 3.21 gives 

the location for each signpost. As might be expected, signpost Z7, located in 

front of the station house, had the highest average number of passings. 

Patrol Intensi~ In District 3 ouring the OPE 

SiangQ~t A3letage l'!2tal 
~t· Passings Pet watch Banking 

27 64.6 1 Average total for all 
28 7.7 15 sign];X>sts = 22.4 
29 29.5 3 
30 20.0 8 
37 19.7 11 *Average roes not include those 
45 12.3 12 watches with no p:lssings 
51 28.1 4 recorded under the asslmlption 
67 40.4 2 thatthesignpostwas 
68 25.0 5 inoperati vee 
78 19.8* 10 
80 6.5 16 
89 2l.6* 7 
90 22.1 6 
91 20.0 8 
92 9.1 14 
98 11.4 13 
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Signpost 51 at the side of the station house, while showing a high number of 

passings, was not consistently hig~ This is probably explained by the 

officers tendency to J;Elrk in front of the station house and use the main street 

more frequently than the side street. Likewise, signposts located at major 

intersections within the district, such as 67 and 68, also had a large number 

of patrol J;Elssing~ 

Signpost data can also be used to measure changes in J;Eltrol intensity. As 

seen in Exhibit 3.22, there was a general decrease in signpost passings during 

the OPE. In the first week, signposts were passed an average of 425.5 

times per watch. '!be average passings then followed a somewhat random pattern 

until the highest average was reached in Week 15. From Week 15 to the end of 

DPE there was a general decline in signpost passings until the lowest point was 

reached in the last week, an average of 193.7 passings };:er watch. The FLAIR­

based data items in Exhibit 3.23 were examined in an attempt to discover the 

reason for the large decrease. It would appear that signpost J;Elssings can be 

related most closely to the number of FLAIR-observable vehicles on the street. 

Clearly, the fewer vehicles there are with operating FLAIR units, the fewer 

Signpost passings that can be recorded. If there were also an increase in the 

number of radio assigrullents--as might be expected to accomJ;Elny warmer weather­

one could suggest that the cars were s};:ending a larger amount of time parked, 

thus reducing the possibility for J;Elssing signpost~ In the last two weeks of 

OPE, the radio assignment volume was considerably higher than it was for the 

first two weeks of the OPE, leading to a conclusion that it is the number of 

radio assignments coupled with fewer ~observable cars on the street which 

resulted in fewer signpost J;Elssings. 

For a signpost to be most useful in polic~ patrol research, the 

canputerized system should be able to record (and print) not only the actual 

passing of the signpost by a J;Eltrol vehicle rut also the iden~cification number. 
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Exhibit 3.22 

Ayerage Signpost Passings Per Watch by Week of the PPE 

A~et:age ~tal 
~ Pates .llil.! Passings Pet: Watch 

1 1/12 - 1/18 21 425.5 
2 1/19 - 1/25 21 375.3 
3 1/26 - 2/01 21 416a2 
4 2/02 - 2/08 21 417.4 
5 2/09 - 2/15 19 372.3 
6 2/16 - 2/22 20 411.7 
7 2/23 - 3/01 19 413.3 
8 3/02 - 3/08 17 382.9 
9 3/09 - 3/15 15 388.8 

10 3/16 - 3/22 13 390.2 
11 3/23 - 3/29 15 415.1 
12 3/30 - 4/05 11 364.7 
13 4/06 - 4/12 19 383.6 
14 4/13 - 4/19 19 395.4 
15 4/20 - 4/26 19 434.0 
16 4/27 - 5/03 16 355.2 
17 5/04 - 5/10 17 373.3 
18 5/11 - 5/17 17 369.4 
19 5/18 - 5/24 19 381.1 
20 5/25 - 5/31 17 303.7 
21 6/01 - 6/07 17 244.8 
22 6/0S - 6/14 17 210.9 
23 6/15 - 6/21 15 236.8 
24 6/22 - 6/28 IS 215.7 
25 6/29 - 7/05 21 200.4 
26 7/06 - 7/12 21 193.7 

'lOTAL 465 357.S 

*Number of tours in the week for which data are available. 
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Exhibit 3.23. 

Average Signpost Passings As Rela~,ed to Other FLl\IR=BaSed InfOrmation 

Week of the OPE 

1 2 15 25 26 

Total Miles 21,494 17,529 22,152 17,446 18,581 
(FLAIR-Cbservable cars) 

Average Miles/Watch 1023.5 876.5 1107.6 830.8 884.8 

Total cars 448 464 508 402 432 
(FLAIR-Cbservable) 

Average cars/Watch 21.3 23.2 25.4 20.1 20.6 

Average Miles/car 48.0 37.8 43.6 41.0 43.0 

Average Signpost 
Passings/Watch 

425.5 375.3 434.0 200.4 193.7 

Average NUmber of 130.8 130.4 157.3 168.5 160.5 
Radio Assignments/Watch 

of the vehicle and the direction of travel. SUch notations require additional 

software for the computer system and were not possible in the present research 

project. Were such additions possible, it would make sense to bracket an area 

with signposts to monitor patrol cars as they enter and leave. Were this 

possible in the Kansas City study, for example, corrective actions could have 

been implemented in order to prevent unjustified incursions into the "depleted" 

beats by unauthorized patrol vehicles. Unfortunately, FLAIR software was 

programmed only to record the fact that a FLAIR observable vehicle passed a 

particular signpost, not which vehicle nor even the vehicle's district 

identity. Thus, signposts on district borders record p:lssings of vehicles from 

any district, not just vehicles from District 3. 

For future police research it might be well to utilize movable "signposts" 

in order to check traffic patterns in more detail in areas of interest. In 

the current research the signposts were stationary and limited to intersections 
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with a traffic light (as the source of electrical power). Were the Signposts 

movable, however, it would be possible to position them in a number of places 

within the district to check on patrol intensity in areas which generate both 

large and small volumes of calls for service and crime. For example, one might 

"'. position signposts around beat 322 as it receives a large volume of calls for 

service. As expected, signposts 67, 30 and 68 in beat 332 have a higher than 
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average number of p:lssings. 

Should FLAIR be equipped with extensive playback capability, then 

research signposts that record vehicle paSSings could be installed in the 

tracking software. '!bese software Signposts could provide detailed and refined 

data now unavailable from hardware signposts. However, the hardware signposts 

also correct location estimation errors, which software Signposts cannot. '!be 

key idea behind signposts and patrol research is, however, the following: 

!~trol intensities at given points can be recorded precisely and unobtrusively 

with such signposts. Further, hardware or software Signposts could record 

incursions and excursions, eliminating the need for visual monitoring by the 

I'esearcher. They provide a heretofore unavailable monitoring mechanism for the 

implementation of any p:ltrol deployment experiment. 

3.3,5 other Measures of Directed Patrol 

EXhibit 3.24 presents a profile of police operations in District 3 during 

the DP~ As can be seen, there was an average of almost six car hours of 

directed patrol on each watch throughout the course of the experiment. This 

ranged, however, ,from no directed patrol on some watches to as high as 21 car 

hours on others. '!be secom-or aftemoo~-watch \t,1as the busiest: it had the 

highest average number of radio assignments, the highest average number of 

crimes committed, the highest average number of minutes out of service, and 
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Exhibit 3.24 

Profile of Police CBrations in District 3 OUring the !)pEr by Watch 

First se~QDg Thirg 
Average value: Watch Watch Watch Average 

Number of Patrol Gars 16.03 16.06 16.01 16.03 

Number of TWo-Officer 6.45 7.31 5.86 6.50 
Patrol Gars 

Directed Patrol Hours 6.50 5.48 5.95 5.99 

Miles for ~ 940.61 1017.25 915.80 958.79 
Observable Vehicles 

Number of FLAIR- 22.36 22.32 22.20 22.30 
Observable Vehicles 

Minutes CUt of Service 4915.38 5474.51 3578.34 4656.08 

Radio IDg ~ltries 
Total Calls* 147.56 181.29 123.34 150.73 
(watch percent) (32.6) (40.1) (27.3) 
Dispatched Incidents 74.92 105.87 61.79 80.86 (watch percent) (30.9) (43.6) (25.5) 
Self-Initiated 45.12 42.70 30.86 39.56 (watch percent) (38.l) (36.0) (26.0) 
Dispatched Assists 13.70 23.17 22.10 19.66 
(watch percent) (23.2) (39.3) (37.5) 

Other Camnands 
Total** 14.81 22.30 10.66 16.31 Traffic 8.84 9.81 1.65 6.77 Canine 5.97 10.92 9.01 8.64 
Other 1.57 0.90 

Crimes and Arrests 
District-Wide Crimes 14.55 16.69 11.10 14.12 
District~ide Arrests 3.27 7.19 5.46 5.31 DP Area Crimes 0.38 0.36 0.50 0.42 DP Arrests 0.25 0.18 0.19 0.21 

*Includes "no diSJ;:8tch" log entries such as supplenentary information requests 
**The number of t~es city-wide commands entered District 3. • 
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so on. It is not surprising, therefore, that the second watch also averaged 

the least amount of time spent on directed patrol. Since watch commanders were 

free to assign directed patrol--both in terms of area and in terms of the 

number of cars--the second watch priority was clearly responding to the dis­

trict's call-for-service needs rather than anticipating crime through directed 

patrol 0 

Exhibit 3.25 shows the distribution of the average number of bours spent 

on directed patrol by all the watches for each month of the DPE. As can be 

clearly seen (and as is discussed in Chapter 4, Police Officer Attitudes) 

enthusiasm for directed patrol decreased over the course of the DPE and this 

decreased enthusiasm is mirrored in the amount of DP time assigned by watch 

cornmanderSw At the start of the DPE, all watches began with a moderate amount 

of time allotted for directed patrol, increased over the three months and then 

began a steady decline until at the end of the DPE the monthly averages were 

fairly low. The third watch is the only one of the three which shows a less 

extreme trend, suggesting a more consistent approach to the allotting of time 

to directed patrol. Since the third watch is also the least "busy" of the 

three watches, a finding such as just noted is not unreasonable. In other 

words, a watch commander knowing there would (potentially) be fewer radio 

assignments, fewer minutes out of service, and so on, could more easily assign 

cars to directea patrol, knowing these assignments would not adversely affect 

workloads of the remaining patrol cars. A similar concern for considering 

heavy versus light workloads surfaced in the choice of DP strategies (see 

Section 3.2.3). 

As discussed in Section 3.3.3, one measure of success was the degree to 

which cars assigned to directed patrol were removed from answering calls for 

service and the degree to which the DP cars involved themselves in self­

initiated activities. As Exhibit 3.26 shows, DP cars were assigned few calls 
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Exhibit 3.26 

Ayerage Number and 'lYPe of Radio Assignments During the DPE, By Watch 

First Watch Second Watch '!bird Watch 

Dit~teg Regulat Dite~teg Regulat .lth:~ted Regulat 
~g of Assigrunent Pa.ttol Pa.ttol Pa.ttol .Patrol Pattol Pa.ttol 

Directed Incident 0.77 74.92 0.65 105.87 1.31 61.79 

Self-Initiated Call 1.56 45.12 1.15 42.70 1.14 30.86 

Directed Assist 0.11 13.70 0.08 23.17 0.38 22.10 

'lOTAL 2.44 133.74 1.88 171. 74 2.83 114.75 

by the dispatchers and, em average, had more self-initiated activities than the 

regular patrol cars. An examination of the ratio of self-initiated calls to 

disp!ltched calls, shows that on two of the three watches, the DP cars' ratios 

were above unity. It is only on the third watch that the ratio drops below 

unity, but one could argue that (1) the ratio is still higher than the ratio 

for the regular patrol cars; and (2) the lower ratio is not due to fewer 

self-ini tiated acti vi ties, but to more dispatched calls. Whatever the reasoD, 

on allthree watches the ratio is greater for the DP cars than it is for the 

regular patrol cars. 

One question raised l:¥ PSE early in the research was the potential effect 

of individual differences among watch commanders in degree of commi bnent to the 

concept and o};eration of directed patroL Examination of the hours assigned to 

dire .. *ed patrol by watch commander oould potentially have been obscured had an 

examination only been made using watch-based statistics. Looking only at the 

watch-based information would have ~;m, problematic since patrol platoons (with 

their watch oommanders) rotated ~roufJh all three watches, changing every three 

weeks. That is, one platoon would go from first watch (1700-1500), to night 
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watch (2300-0700), to afternoon watch (1500-2300). Unless an examination 

followed the platoons and the watches, differences would be obscured Exhibit 

3.27 shows the number of hours dedicated to DP during the oourse of the DPE by 

hour of the day and by platoon. While there are some obvious differences in 

ernPlasis, in geneccu the amount of time devoted to DP follows the busy times of 

both day and night. Had particular watch commanders been so inclined they 

could easily have the same total hours of DP but had them ooncentrated in the 

less busy hours. That they did not do so is testimony to the general 

commi tment the watch oommanders had to the ooncept of DP. 

One interesting trend to note is the low numbers of hours allotted to DP 

in the hours preceeding and following the change of watches (at 0700,1500 and 

2300). From the available evidence (from field observations, interviews, radio 

room observations ana FIAlR monitoring) it apy;:ears that all p:ltrol ooverages 

tend to decline in the half hour preceeding and following a roll call. Whether 

criminals take note of these regular periods of reduced patrol coverage is 

uncertain. However, it is important to note that coverage by p:ltrol vehicles 

during these hours should be improved under the newly installed patrol p,~.an 

which (as noted above) includes uneven manning of watches and overlay watches. 

A more complete discussion of the effect of police patrol on crime will be 

discussed in Chapter 5. 

Another area of interest in the DPE was the effect of the discretionary 

directed patrol program on crimes and arrests. A number of analyses of the 

relationships between measures of directed patrol effort and crimes were 

conducted. None revealed any significant relationships. This was due, in 

part, to the dit:ficul ty of obtaining comp:lrable crime information for subwatch 

time periods. However, the data do seem to suggest some interesting findings 

about the efficiencies of directed p:ltrol in terms of arrests. 
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EKhibit 3.27 

Total !burs Allotted to Directed Patrol By Hour of the Day and Plato:m* 
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Exhibit 3.26 

Arrests Qy car Hour and Man Hour Expended OUring the OPE 

Regular Patrol* 

Directed Patrol 

Tot-.al 

For Target Crime 

For Other Crime 

Arrests Per 
car Hour 

.034 

.033 

.009 

.024 

Arrests Per 
Man Hour 

.027 

.021 

.005 

.015 

*Excluding supervisory and command officers who may be on the street. 

An examination of the comparable efficiencies of directed patrol versus 

regular patrol officers entails analysis of arrests during the hours that the 

officers were "on the street." Directed patrol can be thought of as a pro­

active form of police };Btrol. That is, because the purpose of directed };Btrol 

is to seek out potential crimes, OP officers are ca};Bble of intervening while a 

crime is in progress and thus more likely to result in a "good" arrest (in the 

sense that it would be witnessed by police officers). Regular patrol, on the 

other hand, can be seen as more reactive in nature, responding after-the-fact. 

Exhibit 3.28 presents arrest data for the period of the OPE. '!he figures 

have been standardized I:¥ car hour and man hour to allow for a more meaningful 

comparison of arrest productivi~ between the large number of regular patrol 

assignments and the small number of directed patrol assignments.12 As can be 

l20irected patrol car hours and man hours reflect the total hours officers 
and cars were assigned to directed patrol each shift as shown on the deployment 
plan. Re9llar patrol car hours and man hours reflect the total hours officers 
and cars were assigned to regular patrol each shift as shown on the deployment 
plan. 'Ihese totals were not adjusted for call-for-service time, meal breaks, 
etc. 
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seen from the figures, cars assigned to directed patrol are no less efficient 

in making arrests than regular patrol cars. That is, the munber of arrests per 

car hour is virtually identical for the two groups. (There is a difference 

between the two groups in terms of arrests per man hour, but it is not sub­

stantial.) Thus, removing cars from regular patrol and assigning them to 

directed patrol did not "hurt" the district's law enforcement capabilities. 

Indeed, not only do OP officers make proportionately the same number of arrests 

as regular patrol officers, but they may be arresting offenders who would 

otherwise be undetected. Regular patrol officers tem to make arrests while 

responding to calls for service or after the fact for reported crimes, but DP 

officers ~esumably are arresting offenders before crimes are r~rted. 

While one might expect that the favorable performance of the OP cars was 

due to purposeful choice of the better officers to perform directed patrol, 

such does not seem to be the case. A total of 90 officers participated in the 

OP arrests, or approximately two out of every five officers assigned to the 

district, and more than half of the 160 that participated in the OPE. Thus, 

the comparable arrest rate for the OP cars is not due to the presence of a 

highly trained special tactical force, nor is it due to spectacular success in 

combatting a partiC'l.uar type of crime. It is due, simply, to the deployment of 

a car committed strictly to patrol, without responsibility for a call-for­

service workload. 

3.4 stlMMARY 00 cng:wSIONS 

c..-msistent with the overall design of the OPE, the conclusions to be drawn 

from this work fall into two categories--those that relate to the capabilities 

of FLAIR to measure and monitor directed patrol, and those that relate to 

substantive issues in a discretionary directed patrol program. 
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Monitoring and Measuring With FLAIR 

The FLAIR system can be used to measure and monitor p9. trol p9. tterns under 

obtrusive experimental conditions. Specifically, in our work we found: 

1. 

2. 

3. 

By "locking on" to an area or car, implementation of an 
obtrusive patrol experiment can be visually monitored. For 
example, in a directed p9.trol experiment, excursions by DP cars 
from assigned areas and incursions by other cars into the DP 
areas can be quickly determined, and rorrecti ve feedback can. be 
provided to the officers in question. 

Police patrol cars on directed patrol do not always stay in 
assigned areas unless corrective feedback i.s provi~ed to the 
officer involved This finding suggests that earller patrol 
experiments that attempted deliberately to change the spatial 
allocation of police patrol units may not have been as 
successful in that regard as had been hoped or antici};ated 

The use of FLAIR signposts allows precise measurement 'over 
prespecified times of day of the number of passings of patrol 
cars. Thus, for the first time, the police patrol researcher 
has an instrumentation capability for precisely measuring. patrol 
intensities at prespecified points throughout the experlmental 
area. 

4. The location of the greatest patrol intensity in the entire 
district is, not surprisingly, the police district station 
house. Patrol cars tended to pass by the district's station 
house almost four times as frequently as the average for all the 
monitored points within the district (the monitoring done by 
fI.J\.lR signposts). 

5. It is possible to account for the p:-esence of unmonitored cars­
in our study these were primarily non-patrol commands such as 
canine and traffic--by requesting these officers to log their 
activities in the experimental areas. 

Effect of the..DEE 

As a secondary focus of the study, we were interested in the effects of 

the DPE on district operations. The experiment allowed a great deal of 

discretion to both watch commanders and officers. Among other findings of 

interest, we found that this policy had a noticeable effect on deployment 

decisions and officer actions. 

1. In a directed };atrol experiment glvlng great discretion to the 
district commander, a number of different };atrol configurations 
were selected by the various oommanders in implementing directed 
patroL The most popular was to assign a regular beat car to 

:.:!----

-

..-

, -

----~-- -- ----

2. 

3~ 

4. 

5. 

directed patrol in his ordinary beat.. Calls for service from 
that beat would be handled by cars in two contiguous beats. The 
second most popular strategy was to assign a regular p9.trol car 
to an entire precinct or sergeant's area, comprising typically 
three or four regular beat~ The remaining cars in that 
precinct would respond to calls for service in the depleted 
beat. The third most popular strategy was to reassign a regular 
};atrol car from its ordinary beat to another beat for directed 
patrol activities; in this configuration, the directed patrol 
beat would be staffed with two cars, one for directed p9.trol and 
one with ordinary call-for-service responsibility; as before, 
calls for service from the depleted beat would be handled by 
cars in oontiguous beats. 

The district p9.trol oommanders, when given wide discretion and 
flexibility in selecting numbers of directed patrol units and 
their patrolling locations, choose areas for directed patrol 
based on much more information than i3 provided by crime 
analysis alone. Thus, it appears that ".street knowledge" at the 
district level is equally or more important in selecting 
directed p9.trol areas than is headquarter's derived crime data. 

In a directed pitrol experiment giving great discretion to the 
district commanders, 60 percent of the directed patrol 
assignments were for single target crimes, and 40 percent were 
for multiple target crime~ Of the single target crime 
assignments, 47 percent were for residential burglary, 23 
percent for auto related larCeny, 20 percent for street 
robberies and purse snatchings, and the remaining 10 percent for 
business burglaries. 

The dispitching procedures implemented to remove DP cars from 
call-for-service responsibility were successfuL DP cars were 
sent on fewer than (.IDe disp9.tched call per- watch. 

Directed patrol, and in fact, regular patrol, tended to be 
greatly diminished in magnitude one half hour before and one 
half hour following the change of watches. Three such watch 
changes occurred during each 24 hour period 

6. Directed patrol was no less efficient than regular patrol in 
terms of arrests per car hour. This is revealing, especially 
when the pro-active nature and the quality of the an'ests are 
considered. 

7. '!he chief and other oommanders of the SLMPD viewed the directed 
p9.trol ooncept sufficiently positively following our six month 
study that they implemented the concept, together with other 
compatible provisions, on a city-wide basis. 

'Xl. 1.- "\,11; SiIi 

8. Computer-based models, such as the Hypercube Queueing Model, are 
important planning aides both for police research and normal 
deplujment planning. In our analysis, we used them to examine 
increases in area-averaged travel times and changes in operational 
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operational performance measures that could be expected from 
changes in patrol deployment practices. 

Results from the Hypercube runs demonstrated the efficiency of 
the District 3 beat configuration. None of the runs designed to 
increase efficiency was able to improve the area-averaged travel 
times in the district. 
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4 POLICE OFFICER AT1'ITtJDFS 

To supplement statistical information obtained from systems operation., PSE 

recognizes the importance of learning the attitudes of the officers involved in 

the project toward not only the concept of DP but also toward other aspects of 

their lives as police officers, such as the FLAIR system, community contacts, 

and the use of crime statistics to aid patrol. 

The interest in understanding officers' attitudes toward the numerous 

aspects of their jobs is a long-standing one and grew out of earlier 

evaluations of the FLAIR system in St. Louis. In the current project, 

questions were asked about the system and its utility, in order to understand 

current feelings toward FLAIR and to be able to compare those feelings with 

feelings expressed by officers in previous studies. Asking questions about 

tactics of regular and directed patrol was an important means for soliCiting 

ideas for future considerations. Finally, it was expected that comparisons of 

police officers' attitudes about the deterrent effect of directed patrol could 

be made with the findings from the "Nearest Neighbor Analysis" (Chapter 5). In 

other words, the degree to which measurements of avoidance/deterrence using 

videotape monitoring of the FLAIR system corresponded with the officers' 

attitudes toward their effectiveness would be examineCL 

A detailed questionnaire (see Appendix III) was administered to all 

command and patrol officers on duty during the survey periods in Districts 3 

and 9. The questionnaires were administered to District 9 officers in 

Septembe~ 1980 and to District 3 officers in September 1981. The time 

difference is serendipitous in that it allows a comparison of attitudes between 

officers not involved in a directed patrol effort with those who had recently 

concluded such an effor~ 
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Questionnaries were administered on an individual basis over four days. 

At each roll cali, the watch commander mentioned that questionnaires were being 

administered by a PSE staff member who wculd also be available to answer 

questions and collect completed questionnaires. The officers were either 

called in from tBtrol to complete the instruments or were contacted by a staff 

member while in the stationhouse. 

As shown below, the response rate in both districts, was in excess of 

sixty percent. 

District 9 

District 3 

Questionnaire Returns 

Authorized 
Strength 

126 

212 

Number 
Corm;>leted 

83 

132 

Response 
~ 

65.9% 

62.3% 

It is important to note that in each district the actual numbers of officers on 

duty during the survey pe~iods were less than the authorized strength, due to 

officers who were absent, on recreational days off, on vacation, in court, or 

on detached duty to other commands. Looked at another way, the response rate 

among the police officers on duty when the questionnaires were administered 

ag>roached 100 percent. 

In addition to the written survey questionnaire, police officers in 

District 3 were also interviewed in depth by a team consisting of PSE's 

...... i 

~,. 

A final research approach was used but in a much more subjective and 

qualitative manner. PSE staff took every opportunity to engage in 

participant-observation with the officers in Districts 3 and 9. PSE staff rode 

with patrol officers and command staff but did not involve themselves in 

actual police activities. During these "ride-alongs" PSE staff informally 

interviewed the officers and recorded, as completely as possible, their 

resp:>nses. 

As can be seen from Exhibit 4.1, the personnel of the two districts in 

which the research was conducted are similar demographically. Police officers 

in both districts are overwhelmingly male, white, and relatively educated. The 

officers in District 3 have served slightly more years on the police force than 

the officers in District 9. Median years on the police force are 9.8 years for 

the officers in District 3 compared to 8.5 years for personnel in District 9. 

Similarly, the median amount of time the officers have been assigned to the 

district is 5.2 years for the officers in District 3 and 4.6 years for the 

officers in District 9. 

The three techniques used-survey questionnaires, in-depth interviews and 

participant-observation--allowed triangulationl of the results. In other 

words, the use of these methods of data gathering allowed the assumptions 

generated in one setting to be tested in another. By analyzing the 

subcontractor and a sworn member of the SLMPD's Planning and Developnent Staff. relationships from a number of "angles" it is possible to make a somewhat 

T,h,. interviews were conducted before the questionnaires were administered, but 

after directed patrol had been operating in the district for about five months. 

The interviews were open-ended and unstructured and were designed to offer 

District 3 personnel the opportunity to express their feelings about directed 

patrol as a concept and as implemeotated and also to solicit suggestions to 

improve directed patrol. 
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stronger case for the conclusions drawn. 

4.2 Am'lWF"s:;tWARP "pgx;RESS" 

The SLMPD officers were questioned about their attitudes toward progress 

lSee N.K. Denzin, The Research Act, Second Edition, (Chicago: Aldine­
Atherton, 1978) pp. 28-29. 
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Exhibit 4.1 

Demographic Characteristics of Police Officers 

in Districts 3 and 9 

District 3 District 9 

Male 
Female 

(N) 

White 
Non-white 

(N) 

YFARS ON 'mE FORCE 

0-5 
6-10 

11-16 
16 or more 

(N) 

High School Graduate 
Sane College 
College Graduate 
other 

(N) 

96.8 
3.2 

(126) 

92.7 
7.3 

(123) 

34.6 
20.5 
28.3 
16.5 

(127) 

22.2 
52.4 
16.7 
8.7 

(127) 

97.6 
2.4 

(82) 

87.8 
12.2 

(82) 

36.6 
26.8 
15.9 
20rf 

(82) 

33.7 
51.8 
10.8 
3.7 

(82) 

Source: Surveys administered by PSE to District 3 officers on duty in 
September 1981 and District 9 officers on duty in September 1980. See Chapter 4 
for more information on the survey, the met.."10d0logy and the results. 
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in general and the F!AIR system in };articular. '!bose questioned clearly feel 

their ideas were not taken into account when FIAIR was designed. As shown in 

Exhibi t 4.2, approximately nine of every ten officers in both districts fel t 

their opinions were not seriously considered in the design and operation of the 

FLAIR system. Whether it is because their ideas were not considered in the 

design stage or for other reasons, it is clear the officers are not currently 

in favor of the system. Approximately seven out of ten officers questioned 

said they felt the FIAIR system was not a good idea in St. wuis. 

One conclusion to be draw·.n from this resul t--and other information--is 

that the FIAIR system has not lived up to its potential. For example, when the 

system was initially installed it was touted as the latest means to p:otect and 

enhance officer safety. With FIAIR, dis};atchers were to be able to locate 

instantly officers in need of aid and thus be able to send assistance even if 

the officer was unable to indicate verbally his/her exact p:>si tion. As noted 

in an earlier ESE report: 

While the importance of officer safety was strongly and continuously 
emp,asized, the perceptions of FIAIR's p€l.'formance in this. area show 
a };attern of continuous decrease. Before FIAIR was implemented in 
Phase I, a large majority (77.9 percent) of the Third District 
officers who would be using FLAIR felt that the new system would 
improve officer safety. '!heir opinions and those of all officers in 
the city declined until only 21.9 percent felt that FLAIR could 
improve officer safety by the end of Phase IL In fact, many people 
fel t that FLAIR decreased officer safety by providing false 
confidence to the officers, which led many of those who were 
partirularly concerned about office~ safety to feel that FIAIR had 
no effect or worsened the situation. 

As shown in Exhibit 4.3, the percentage of officers who feel that FLAIR has 

improved departmental performa.nce in the area of officer safety increased 

slightly from 22.3 percent in 1976--77 to 29.2 ~rcent in 1980-81. {The interim 

2G.c. Larson and J.W. Simon, Eyaluation of a Police Automatic vehicle 
Monitoring (AVM) System: A StudY of the st. Ipuis Experience 1976-1977 (Wash­
ington, oc: U.s. De};artment of Justice, 1979) pp. 88-89. 

97 

. 



I 

1 
r 
r: 

\1 

~-~-------------.----------------------,------p-~--- --- ---

Exhibit 4.2 

Police Officer Attitudes TOward Design and Presence of the FLAIR System 

Olest.ion DISTRICT 3 DISTRICT 9 

~ ~'Q .N ~ .NQ .N 

In designing and 7.7% 92.3 (130) 12.1% 87.9 (83) 
operating the FLAIR 
System do you think 
suggestions of patrol 
officers were seriously 
considered? 

GoOO Bad N Good Bad N 

In general!, do you 23.9% 76.1 (130) 35.4% 64.6 (82) 
think it is a good 
idea or a bad idea 
to have the FLAIR 
Systen in St. Louis? 

Exhibit 4.3 

Perceived Usefulness of FlAIR Cl:>iectives 

Percent of Officers Who Felt FLAIR 
Improved Departmental Performance 

AVM 
Cbjectiye: .stugy* .N m 1:1 

Reducing Response Time 19.0% (493) 25.2% (214) 

Officer Safety 22.3% (476) 29.2% (212) 

Dispatch Operations 18.0% (467) 19.2% (2l3) 

Increasing Radio Access 33.6% (482) 37.6% (2l0) 

Command and Control 15.7% (2l0) 

*Larson and Simon, ~al!.1atiQD Qf a ;eQli!,;le AUtcxnatj.s;: ••• , pp. 78-104. 
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perioo brought enhancements to the FLAIR system which improved the locational 

accuracy through the installation of fixed signposts which automatically 

transmit a car's exact location, as the car passes the signpost). Similarly, 

for the other objectives noted in the exhibit, there have also been an increase 

in the percentage of officers who feel FLAIR has improved departmental 

performance in specific areaso 

Exhibit 4.4 shows responses of officers toward the effect of FLAIR on 

patrol operations. The majority of officers questioned felt that FLAIR had not 

improved departmental performance in the specific areas of police operations 

noted. In fact, the only area in which a large percentage of officers thought 

there had been improvement was in nkeeping track of the patrol force. n In this 

instance it was not clear that the ability to keep track of the patrol force 

was seen positively. Contrary to stated intentions, shortly before the 

questionnaires were distributed in District 3 a number of officers from another 

district had been disciplined for congregating too closely together. The 

patrol cars were nseenn by a command officer using a FLAIR monitor at head-

quarters who in turn dispatched a command officer to determine the 

circumstances. When no valid reason for the meeting was shown, the police 

officEJJ:s were disciplined. 

When asked how their tasks as patrol officers were affected by FLAIR, 

officers showed surprisingly little change between 1975 and 1981. Theonly 

significant change, as noted in E.'Chibit 4.5, was a decrease in the percentage 

of officers who felt FLAIR increased their ability to coordinate operations 

with fellow officers. SUch a decrease is noteworthy because one of the major 

reasons for FLAIR's presence in the department was to have been its ability to 

allow dispatchers and commanders to deploy officers as needed and as dictated 
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Exhibit 4.4 

Percent of Officers Who Feel '!be FIAIR System 

Has IIrmoved Police DePattment Dmrations 

Police Operations pistrict 3 N pistrict 9 

Keeping Track of 38 0 6% (132) 31.3% 
'!he Patrol Force 

Handling Extraordinary 22.7% (132) 22.9% 
Events Like Pursuits 

Effective Resource 6.8% (132) 12.1% 
Utilization 

Efficient Use of 10.6% (132) 14.8% 
Available Patrol Time 

N 

(83) 

(83) 

(83) 

(83) 

by circumstances wi thin a district. FLAIR was, in other words, to be used 

dynamically to allocate officers throughout a district-or even !.X'tentially 

throughout the city-in res!.X'nse to changing conditions. It would appear that 

the officers questioned Cb not feel this as~ct of FIAIR has been used well. 

Exhibi t 4.6 summarizes the officers' feelings toward the FIAIR system as 

these attitudes have evolved over time. within District 3, where FLAIR was 

first implemented, there has been a steady and continued decrease in the 

percentage of officers who feel that FLAIR was a good idea. Before the 

introduction of the system in 1974, 64.4 percent of the officers felt that 

FLAIR was a good idea for the police department. By the time of the OPE, 

approximately seven years later, the percentage of officers who felt FLAIR was 

a good idea for the deFSrtment had declined to 23.8 percent of the total. One 

can only speculate on the reason for the decline but it does not seem 

unreasonable to suggest, based on discussions with the officers involved, that 

the primary reason for the change in attitudes was due to the fact that 
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Exhibit 4.·5 

catprrison of Polioo Officer Attitudes Toward Ability to 

Perfonn Task As a Result of FIAIR 

Statem:mt: As a result of FIAIR, IT!Y ability to perfonn this task has ••• 

District 3 

~* ill.! 
Stayed Stayed 'I'ask Increased the Same Decreased !! Increased the Same Decreased 

Preventive Patrol 8.1l 17 .0 14.2 (119) 4.6 B3.1 

Flexibility to follow 2.6 4B.7 48.7 U19) 3.1 48.5 individual hunches 

Coordinated operati.ons 8.0 62.11 29.2 ( 119) O.B 64.6 with fellow officers 

"'See R.C. Larson, K. Colton and G. Larson, Evaluation of a Police Implemented AVM System, 
Phase I, Volwne II, Cambridge, HA: Public Systems Evaluation, Inc., 1976, p. 4B4. 

12.3 

4B.5 

34.6 

N 

C130) 

030) 

(130) 
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District 3 
Officers 

Q:xXl Idea 

Not a Q:xXl Idea 

N 

Exhibit 4.6 

Attitudes TOward FLAIR OVer Tirne* 

Question: In general do you think it is a good idea or not a 
good idea to have the ~"'U\IR system in St. IDuis? 

Before During Before During 
FIAIR Phase I Phase II Phase II 

(August 1974) (f\pril 1975) (July 1976) (sept. 1977) 

64.4% 39.8% 35.2% 30.2% 

35.6 60.2 64.8 69.8 

(166) (119) (128) (126) 

During 
DPE 

(Sept. 1981) 

23.8% 

76.2 

(130) 

*Source for data fran previous periOOs: Larson and Sinnn, Evaluation of A P<;>lice Autcmatic .•. , p. 81/ 
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New Technologies 

New Procedures 

Exhibit 4.7 

Median Scores For Officers Describing feelings 

About New Technologies and New Procedures 

District 3 

3.353 

3.825 

Median Scores* 

.H 

(128) 

(129) 

DistricU 

3.156 

3.342 

.H 

(81) 

(81) 

*The higher the score the more the officers feel the statement is "a bad 
idea." The scores range from 1 to 7. 

FLAIR's abilities were oversold in the early phases of the project. When 

the system was unable to perform as advertised, the off icers became 

increasingly less inclined to think that it (1) could improve performance in 

specific areas and (2) was a good idea for the city. 

Tb say that the officers changed their minds about FLAIR and its abilities 

is not to suggest they are averse to the introduction of new technology and new 

procedures into the police department. While the distribution of responses is 

somewhat spread, as shown by the medians in Exhibit 4.7, it is important to 

note that the modal category for both groups combined is category 1, which 

represented "a very good idea." Officers questioned, in other words, may well 

feel that a specific technology or procedure is not a good idea for the 

department while at the same time indicating that new procedures and new 

technologies in general are a good idea for the department. The officers seem 

to be saying that while FLAIR may not have worked out as well as they might 

have wished, this fact does not mean they are unwilling to tty ob.'1er new ideas 
, ! 

which may aid them in their jol:e as police officers. 
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4. 3 ~S 'lImARD DIRECTED PA'mQI, 

As noted earlier, an important component of the investigation of the 

effect of directed patrol is the officers' attitudes toward this type of 

patrol. In the following analysis, the officers from District 9 serve as a 

"before" group in that they were questioned about their attitudes without 

1-.-

j -
having exparienced directed patrol as subsequently implemented in the SLMPD. ) 

Likewise, the officers of District 3 serve as the "after" group because they 

were questioned at the conclusion of the project.3 Additionally, the 

understandings possessed by the officers of the District 9 were based on their 

interpretations of the explanations in the questionnaire oombined with PSE's 

limited presentations at their roll calls. The District 3 officers, in 

addition, were exposed to the concepts of directed r:atrol in practice, in PSE's 

particir:ant observation, at roll calls, i.n the in-depth interviews, and through 

rep:ated on-site presence of PSE staff at the station house. 

4.3.1 Questionnaire Results 

Exhibi t 4.8 shows the attitudes of the officers in the two police 

districts toward specific issues in regular and directed patrol. In every 

case, District 3 officers--who had partiCipated in the project--were less 

inclined to see either tactic as very effective than those from District 9 who 

had not been invol~ It is important to note here that officers were asked 

to respond to a concept in the abstract without having the opportunity to 

divide the idea into its component r:arts. An analogy might be to ask persons 

3'1be major difference between the two groups occurs because the r:atrol plan 
in District 9 involves a limited op:n beat approach while that in District 3 is 
a more traditional beat pattern. The open beat approach allows patrol cars 
wi thin any precinct, on sp:cified watch, to roam that area at will, resp:>nding 
to calls as they became free. All cars have overlapping area responsibility 
within the precinc~ 
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Exhibit 4.~ 

Officers' Attitudes TOward Effectiveness of Directed and Regular Patrol 

Issue 

_ Preventing Crimes 

Deterring CrUDes 

Increasing Police 
Visibility in the street 

Preventing Crimes 

Deterring Cr~s 

Increasing Police 
Visibility in t.~e Street 

District 3 District 9 

Percent of Officers Who Feel 
Directed Patrol Would Be Very Effective 

3.1% (130) 12.1% (83) 

4.6% (130) 14.5% (83) 

12.3% (l30) 19.3% (83) 

Percent of Officers Who Feel 
Regular Patrol WOuld Be Very Effective 

6.9% (l30) 12.1% (83) 

10.7% (130) 15.7% (83) 

20.0% (l30) 24.1% (83) 

to rate "the service" at a restaurant as an entity, rather than asking them to 

rate specific asp:cts of that service (such as food preparation, cleanliness, 

promptness, food quality, freshness, etc.). 

As shown in Exhibit 4.9, officers ~7ere asked to rate specific tactics that 

could be used in directed patrol and provide their estimates of the 

effectiveness of each. Except for reversing the rank order of preference, 

officers in both districts feel that two most effective tactics in directed 

patrol are: questioning of suspicious persons, and two-officer p;ltrol cars. 

Further, the top ten tactics for both groups tend to be tactics one might label 

as aggressive p;ltrol tactics: quicker response times, knowing whereabouts of 

convicted offenders, knowing the modus operandi of recent crimes and so on. At 

the other extreme, some of the more innovative approaches to p;ltrol (splitting 

a force, delaying response to calls, and using civilians) fared poorly, being 

ranked consistently near the bottom. The officers of both districts agree on 
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Exhibit 4.9 

Officers Feelin;Js Toward Specific 

Directed Patrol Tactics 

--~-----------.------~--------------------------~--------------------------------

the three least effective tactics (although not on the rank order): playing 

"follow the leader", the use of one-officer cars, and high s~ed patrol. While 

it is not possible to draw absolute conclusions about these findings, it would 

PERCENT OF OFFICERS WHO FEEL TACTIC EFFECTIVE 

seem to be the case that the officers feel that relying on "tried and true" 

tactics of police work, if these are applied diligently, will be the best and 

most productive ways in which to conduct preventive IEtrol • 

TACTIC District 3 % Rank 

Aggressive checking of doors 62.6 7 
and windows 

Questioning of suspicious persons 77 .2 1 

Splitting the force into a force only 39.B 19 
answering calls for service and a 
force only doing patrol 

Delaying response to low priority 53.3 15 
calls for service 

Surveillance 60.2 9 

Stake-out 57.4 12 

Harked cars 47.5 16 

Slow speed patrol 56.7 13 

One officer cars IB.9 22 

Off-duty use of patrol cars 47.5 16 

Civilians to handle noncritical 43.4 1B 
calls for service 

Foot patrol 5B.5 11 

Quicker response time 60.2 9 

Knowing the whereabouts of formerly 
convicted offenders in the community 

67.5 3 

Having one or more patrol cars deliberately 21.7 20 
follow a lead car (with one or two blocks 
separating them) so that criminals could 
not predict times of relative safety to 
commit crimes 

Knowing the modus ooerandi of recently 63.1 6 
committed crimes 

Saturation patrol 56.6 14 

Unmarked cars 65.9 4,5 

High speed patrol 19.B 21 

Two officer cars 74.B 2 

District meetings to discuss critical 60.2 9 
police issues among officers 

Knowing the leaders of youth gangs 65.9 4,5 
in the community 
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AND RANK OF THAT TACTIC 

Q!l District 9 % 

(77) 67.5 

(95) 77.9 

(49) 34.2 

(65) 52.6 

(74) 60.5 

(70) 57.9 

(5B) 73.7 

(6B) 73.3 

(23) 22.4 

(58) 73.7 

(53) 34.2 

(72) 72.0 

(74) 6B.4 

(B3) 69.7 

(26) 19.7 

(77) 75.0 

(69) 76.3 

(Bl ) 6B.4 

(24 ) 21.1 

(92) B5.5 

(7-1) 64.5 

(Bl ) 63.2 

~ 

12 

2 

1B 

17 

15 

16 

5 

6 

20 

6 

IB 

B 

10 

9 

22 

4 

3 

10 

21 

1 

13 

14 

.llil 
(52) 

(60) 

(26) 

(40) 

(46) 

(44) 

(56) 

(55) 

(17) 

(56) 

(26) 

(54 ) 

(52) 

(53) 

(15) 

(57) 

(5B) 

(52) 

(16) 

(65) 

(49) 

(4B) 

It is interesting that the use of unmarked cars received a large 

percentage of responses as being a tactic which would be effective. If 

directed patrol-as one would expect-is to be composed of obvious police cars 

making an effort to deter crime, one would not expect officers who favored the 

use of unmarked cars for directed IEtrol. On the other hand, many officers in 

conversation indicated their interest in using unmarked cars to lull the 

criminals!, making them easier to apprehend. As will be noted below, officers 

interviewed in-depth about improving directed patrol noted the importance of 

using a mix of marked and unmarked cars.4 

When given the o'f'POrtunity to express their opinions on improving patrol, 

a large majority (over 75 percent in each district) responded to an open-ended 

question asking them to describe the best way to improve the effectiveness of 

patrol. Further, 27.4 percent volunteered a second technique to improve 

effectiveness and 8.4 percent volunteered more than two techniques. Exhibit 

4.10 presents the items most often mentioned by the officers in the two 

districts as techniques which could be used to increase the effectiveness of 

patrol (and by implication directed/preventive patrol). Contrary to the 

awroaches suggested in the more general comments about the effectiveness of 

4The directed patrol experiment expressly denied commanders the use of 
unmarked cars for directed patrol activities. It was not until the completion 
of the experiment that unmarked cars could be used in the district for directed 
patrol. An interesting comparison could be made between the success (i.e., 
arrest) rates under both conditions. 
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Exhibit 4.10 

Rank Order of Responses to e&en-Ery,ed Question Asking Officers 

To SUggest W.w> To Inprove Patrol « First Response onlY 

District 3 District 9 

.Bank 1m. .Ran.Is. .lliL 

Allow More 1 
Individual Discretion 

(20) 6 ( 5) 

Increase Use of 2 (14) 5 (6) 
Crime Infonnation 

General Canments 3 
on Improving Patrol 

(12) 7 (2) 

Use More Two-Officer Teams 4 (9) 1 (12) 

Eliminate Non-Critical 5 (7) 2 (9) 
Calls-for-Service 

Add More 1?ersonnel 6 (6) 4 (7) 

Increased Use of 7 ( 4) 3 (8) 
Saturation Patrol 

Conments Not 
Classified 

Elsewhere (7) 

tactics, officers. when given free reign to use their imaginations, see a 

number of innovations in policing that could improve p:ttrol. It might well be 

argued that in this question officers were attempting to send a message that 

they wished to be given more assistance in ooing their jobs-either by being 

relieved of responsibility for non-police-oriented activities or by getting "an 

edge" over criminals through the increased use of crime statistics. 

4.3.2 In-Depth Interviews 

As noted above, inter-views with officers and commanders of District 3 

were undertaken by PSE's on-site sub-contractor and a sworn member of the 

SLMPD, Planning and Development Staff. The interviews were conducted in the 
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last two weeks of May 1981, and were completed approximately two weeks before 

the eoo of the formal data gathering for the directed patrol portion of study. 

'Ihese intervt~ws were open-ended and unstructured and were designed to offer 

District 3 personnel an oH?Qrtunity to express their feelings about directed 

j9atrol as a concept, about the implementation of directed patrol and finally, 

to solicit suggestions for improvement of directed patrol. 

The officers' feelings about the concept of directed patrol generally 

reflected negative impressions derived from other police patrol experiments 

(particularly the Kansas City Preventive Patrol Experiment [KCPPEl5) and were 

expressed in ways which suggested that directed patrol would probably not 

resul t in criminal apprehension. Directed p2trol was seen as a potential for 

deterring crimes to another time or another place rather than as a useful 

technique for apprehension. Officers also felt they had been led to believe­

referring to the RCPPE--that directed patrol was to include area saturation by 

patrol units, rather than using a car free from radio assignments and removed 

from responsibility for an area. It was the officers' opinion that removing a 

car from area responsibility did not bolster the directed patrol effort but 

simply left t~e area uncovered. 

One of the major problem areas uncovered deals with the fact that other 

patrol officers feel those on DP are "not carrying their weight." Such 

feelings seem to be expressed more often on busy nights than slow ones, and may 

well be exacerbated by two practices: (1) requiring DP officers to turn 

arrests over to other officers, thus returning them to directed patrol more 

quickly, and (2) not allowing the officers on directed patrol to answer even 

high priority calls for service. Police officers fe~l they should have the 

responsibility for following an arrest through to its conclusion and resent (1) 

5George L. Kelling, et. al, The Kansas City Preventive Patrol ExPeriment 
(WashingtDn, DC: The Police Foundation, 1974) 
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turning it over to others or (2) having an arrest turned over to them. Not 

responding to calls for service, especially those of high priority, also 

frustrates officers and results in a degree of boredo~ Finally, some officers 

feel they are discouraged fram making arrests for non-target crimes while on 

directed patrol. Whether this is a real or perceived problem is not clear at 

this time. 

The officers' feelings about the implementation of directed patrol in 

District 3 were almost uniformly negative. At the same time, there was no 

general agreement on the source of these negative feelings. One area in which 

there was some agreement was stated as the feeling that there did not seem to 

be adequate direction. Thus, some DP areas were too large and others were too 

small. Officers felt that they were often assigned to an area they did not 

know well, if at all. On the other hand, officers assigned to directed patrol 

in their own areas cited boredom as their major objection to the assignment. 

Further, changing the target crime by day or watch often obscured, for the 

officers, the nature of the assignment. Addi tionally, the frequent change of 

area and target crime made it difficult--fram the officers' point of view--to 

learn enough about the area and potential perpetrators for the police to have 

a significant imp3.ct on crime. Due to the ~rceived lack of a clear rationale 

for assignments, the officers see directed patrol as either a reward or a 

p.mishment deperrling on their own points of view. 

As noted above, the majority of the officers interviewed felt that the 

lack of radio assignments contriwted to (1) boredom, (2) animosity by officers 

on radio assignments and (3) frustration at not being allowed to get involved 

in "the action." Officers feel territorial toward their usual assignment areas 

and resent it when another car must answer calls they are forbidden to answer. 

Finally, a resentment toward the fact that the directed patrol car was not 
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allowed to handle high priority calls officially (i.e., was not dispat.ched) but 

had to handle them somewhat surreptitiously was also noted. The "need" to take 

matters into their own hands also caused officers to feel resentment toward the 

directed patrol concept as implemented. 

The officers interviewed strongly recommended improving communication be­

tween the various units involved in patrol, investigation and data analysis. 

The interviewees suggested the following types of information, if supplied to 

the directed patrol units, might aid in performing more "effective" directed 

patrol: wanted subjects information, arrest register for persons living in the 

District and suspect information. Further, the interviewees felt that once 

problems have been identified, directed patrol should only be rotated through­

out a sergeant's area rather than the District as a whole. Because officers 

feel they know their own and immediately adj acent beats best, they feel it 

advantageous not to be rotated too fa~ Finally, many officers suggested the 

addition of a plain clothes task force to augment the uniformed directed patrol 

activities. 

Based on officers' comments, it can be suggested that communications and 

organizational problems within the District 3 and between District 3 and the 

main headquarters contributed significantly to the problems noted by the 

officers. Clearly, without open communication lines between all persons 

involved, and a full understanding of the reasons for directed patrol and 

directed patrol assignments, problems were bound to occur. Problems also 

occurred through the less than rigorous application (and use) of crime analysis 

and statistics. 

4.4 CRIME STWSTICS 100 PATOOL 

One of the major tools used by police in recent years to give them "an 

edge" ag~inst criminals is the use of crime statistics for predictions. As the 
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numbers qf computers in police departments has grown, so has the application of 

crime statistics. Despite this, it appears that the utilization of crime 

statistics varies not only from one police department to another, but even 

within a department. 

As shown in Exhibit 4.11, many more police officers in District 9 indicate 

that crime statistics are used to increase their effectiveness than do officers 

in District 3. One reason for this large discrepancy in the use of statistics 

may well be the attitudes of the command staff toward their use. In District 9, 

the captain's aide updated crime maps regularly based on figures from the 

bulletins prepared by the department's crime analysis section. These crime 

ma{:S were prominently displayed in the District captain's office where officers 

were free to examine them. The crime statistics were also used extensively 

on the street by supervisors in an attempt to alert patrol officers of 

to potential trouble spots. In District 3, on the other hand, the crime maps 

were updated by the night detective sergeant and were kept in the detective 

1:quad room. While officers were certainly allowed to examine the crime maps in 

District 3, this did not appear to be a priority. Likewise at roll call, 

commanders in District 9 tended to refer to the crime analysis bulletins to 

alert officers to potential trouble spots. In District 3, even during the 

Exhiliit 4.11 

Officers' Perceptions of the Use of Crime Statistics To ]roproye Patrol 

Crime Statistics; District 3 District 9 

Used 57.7% 80.7% 

Not Used 42.3 19.3 

100.0% 100.0% 

(N) (130) (83) 
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period of the DPE, it was unclear to what use the bulletins were being put by 

watch commanders. Finally, it was clear that the use of crime statistics 

on the street was less extensive in District 3 than in the District 9. 

Because the crime statistics were used with great frequei1cy in one 

district and not in the other, it is not surprising to find officers differing 

about the degree to which their use affects the job. As shown in Exhibit 4.12, 

three-quarters of the District 9 officers felt that the use of crime statistics 

improved their job compared to one-half of the District 3 officers. Further, 

almost one-half of the District 3 officers felt the use of crime statistics 

would have no effect on their job compared to only one-fifth in District 9. 

Those who regularly used crime statistics found them to improve the job while 

those who used them less often were not quite so certain. 

4.5 POLICE PATOOL AND CRIME 

Of particular interest to the DPE project are the officers' attitudes 

toward the deterrent effects of directed patrol and the degree to which the 

officers feel criminals take police presence into account when committing 

a crime. These attitudes are especially important when examined in conjunction 

with the results of the Nearest Neighbor Analysis (see Chapter 5). 

Exhiliit 4.12 

Officers' Perceptions of How Use of Crime Statistics Tb Position 

Affect Job: 

Improve Job 

No Effect 

Worsen Job 

'lUl'AL 
(N) 

or pirect Patrol Would Affect Job 
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District 3 

50.0% 

45.4 

4.6 

100.0% 
(130) 

,District 9 

75.9% 

22.9 

1.2 

100.0% 
(83) 
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As shown in Exhibit 4.13, police officers in both districts do not feeL 

on the average. that criminals engage in avoidance behavior either generallY or 

when committing a housebreak .or robber::y,. Exhibit 4.14 t.akes the analyr:d.s one 

step further and inquires whether, in the opinion of police officers, criminals 

in specific circumstances take police presence into account. As in the 

previous exhibit, the more likely a crime is to occur on a street or in a 

public place, the more the police feel their presence has a potential det.e:::~nt 

effect. It is important to note that in no case, except that for rape in a 

public place, do the police feel that their presence is more than "somewhat 

effectiven :in deterring or preventing crimee For the case of rape in a public 

place, the average response moves toward the "very effective" catecjory. 

Exhibit 4.13 

Mean Scores* of Officer Attitudes TOward Correctness 

of Statements About Patrol effectiveneSS 

MEl\N SCQRE* 

Statement District 3 .N 

(131) 

District 9 

In order to avoid apprehension 
many cr:iminals t:ime their cr:imes 
to be bnmediately after a patrol 
car passes. 

~~ housebreakers listen to 
the police radio and time their 
break-ins to occur when the local 
beat car is busy on a call for 
service. 

MarlY armed robbers choose the 
location of their robbery without 
regard to the whereabouts and 
activities of nearbf patrol cars. 

3.92 

3.78 

5.41 

4.94 

(129) 3.63 

(129) 5.29 

.N 

(81) 

(82) 

(82) 

*The higher the score the more the officers feel the statement is correct. 
The scores range from 0 to 10. 
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Exhibit 4.14 

Mean Scores* of Attitudes TOward Effectiyeness 

of Patrol to Preventing Specific Crimes 

First Degree Murder of 
an Aa;Iuaintance 

Armed Robbery of a 
Liquor Store 

Armed Robbery of a Person 
in the Street 

Housebreak of a Single 
Family Hane 
Ra~ in a Public Place 
Auto '!heft on a Street 
Street Assault of a Stranger 

*The higher the score the more effective 
deterrent. '!he soores range from 0 to 10. 

District 3 District 9 

0.65 0.99 

4.98 5017 

5.11 5.00 

4.09 3.98 

5.95 5.99 
4.30 4.83 
4.52 4.82 

(N=124) (N=79) 

is patrol seen as a preventive or 

'!he questions related to Exhibit 4.15 asked the police to put themselves 

in a criminal's "shoes" and assess to what degree criminals take police 

presence into acoount when oommitting the same s~cific crimes examined in 

Exhibit 4.14. It is only when committing the most obvious "crime of J:assion"­

murder of an aa;Iuaintance-that criminals are not thought to be concerned aoout 

police presence. In all other cases, the police believe that the criminals are 

at least somewhat ooncerned with police presence. The differences between the 

two districts in the mean scores are not, however, sufficiently large to draw 

any meaningful statistical conclusions. What is significant is that oontrary 

to what was noted earlier--that the police believe criminals do not pay 

attention to police presence--police ~ believe that in committing certain 

crimes, criminals note the whereabouts of police and act accordingly. 

In order to understand more clearly the officers' feelings toward the 

effectiveness of directed pai~ol in preventing and deterring crime, the 
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Exhibit 4.15 

Mean Scores* of Attitudes Toward 'Degree To Which Criminals 

Ignore Police Presence When ConJnitting Specific Crimes 

District 3 District 9 

First Degree Murder of 1.35 1.80 
An ~uaintance 

Armed Robbery of a 5.87 5.94 
Liquor store 

Armed Robbery of a Person 6.15 6.10 
in the street 

Housebreak of a Single 5.21 5.20 
Family Hane 

Rape in a Public Place 6.52 6.08 
Auto 'lbeft on a Street 5.49 5.66 
street Assault of a Stranger 5.26 5.53 

(N=124) (N=79) 

*The higher the score the more the officers feel criminals observe patrol cars. 
The scores range from 0 to 10. 

relationship between the degree to which criminals pay attention to police 

presence was examined in terms of the attitudes of officers toward the 

effectiveness of directed patrol. As shown in the cross-tabulation of Exhibit 

4.16, District 3 officers who feel that directed patrol is very effective it~ 

preventing crime tend to be more certain about criminals ignoring their pre­

sence than 00 other officers. It is possible that officers who feel directed 

patrol is effective do not think criminals pay attention to police activity. 

Conversely, those who think directed patrol is less effective in preventing 

crime see criminals as effective in evading police patrol. In other words, 

those police officers who see directed patrol as effective may also be the ones 

who (1) are more successful at apprehending criminals, (2) work harder at their 

jobs, and (3) consequently, see criminals as having only limited success at 

evading the police. 
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Exhibit 4.16 

Mean Scores* Eqr Degree to Which Pol ice Feel Criminals 

<l2serye Police bY Effectiveness of PREVENl'IVE AsQect Qf Directed Patrol 

DISTRICT 3 

Directed Patrol as Preyent~ 

Statement 
~ 

Effective 

In order to avoid apprehension 4.25 
many criminals time their crimes 
to immediately after a patrol car tBsses. 

Man
th 

y housebreakers listen to 4.75 
e police radio and time their 

break-ins to occur when the local 
beat car is busy on a call for service. 

Many armed robbers choose the 
location of their robbery without 
regard to the whereabouts and 
activities of nearby patrol cars. 

5.25 

(N=4) 

Effectiye 

3.90 

3.70 

4.47 

(N=30) 

Not very 
Effectiye 

3.87 

3.72 

5.66 

(N=88) 

*The higher the score the more an officer agreed with the statement. The 
scores ranged from 0 to 10. 

A similar conclusion can be drawn from the cross-tabulated results in 

Exhibit 4.17. Officers were asked to look at the effectiveness of directed 

patrol in deterring, as oPIX>sed to preventing, crime. As the mean scores for 

each avoidance question Show, officers who see directed patrol as effective in 

deterring crime, again, are less likely to see criminals as working to evade 

detection in any rational or meaningful way. 'Ihese officers tend to think the 

statements about avoidance are, on the average, less correct than do officers 

who feel that directed patrol is not effective in deterring crime. 
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Exhibit 4.17 

Mean 6cores* For Degree to Mlich Police Feel Criminals (];)serye 

Police By Effectiveness of oorERRENr Aspect of pirected Patrol 

DISTRICT 3 

Directed Patrol as peterrent 

Statenent 
~ 

Effectiye 

In order to avoid apprehension, 4.33 
many criminals time their crimes 
to imnediately after a };Btrol car passes. 

Many housebreakers listen to 5.00 
the FOlice radio and time their 
break-ins to occur when the local 
beat car is rosy on a call for serv ice. 

Many armed robbers choose the 5.00 
location of their robbery without 
regard to the whereabouts and 
activities of nearby };Btrol cars. 

(N=6) 

Effectiye 

4.07 

3.80 

4.50 

(N=30) 

Not Very 
Effective 

3.84 

3.64 

5.67 

(N=86) 

*The higher a score the more an officer agreed with the statement. 
ranged fran 0 to 10. 

Scores 

4.6 SUMMARY AND COOCWSIONS 

It seems clear that the attitudes of police officers toward themselves and 

their work are not vastly different from attitudes expressed by people in other 

occupations--attitudes are somewhat difficult to isolate and are less than 

clear in many circumstances. The following represent the major points made in 

this chapter: 

Technology and Progress 

For a variety of reasons, police officers in st. Louis no longer feel 
the FLAIR system is a good idea. In fact, there has been a steady 
and continual decrease in officer support for FLAIR since the system 
was introduced. 
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The only area in which a large number of police officers feel FLAIR 
has improved departmental performance is in nkeeping track of the 
patrol force. n 

Police officers feel strongly that their opinions were not taken into 
account in designing the FLAIR system. 

Despite negative attitudes toward FLAIR, officers do not generally 
oppose new technologies and procedures in police work. 

Directed and Preventive Patrol 

The great majority of police officers do not feel directed patrol 
would be effective in either preventing or deterring crime. 

Two-officer cars and the questioning of suspicious persons are seen 
as the most effective tactics for directed patrol. 

Increased use of crime information, the use of two officer teams and 
the elimination of non-critical calls-for-service are suggestions 
offered spontaneously for improving patrol. 

Police officet's feel that tradi tiona! tactics are the best to apply 
in directed patrol but are willing to try others. 

The assignment of police officers to directed patrol is seen by them 
as either a punishment or as a reward. 

The importance of communication between all personnel involved in 
directed patrol cannot be overstated. 

Police Patrol and Crime 

Police, in general, do not feel criminals pay a great deal of 
attention to the presence of police. 

For certain crimes, FOlice believe perpetrators note the whereabouts 
of the police and act accordingly. 

Police officers who believe in the effectiveness of directed patrol 
are less likely to think criminals observe police activities. 

The use of crime statistics to combat crime would seem to be a 
function of command attitude rather than officer willingness. 
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5 THE DIST1\OCE BmwEE;N CRIMES Po-W POLICE CARS: 

TESl'OO FOR INDEPENDOCE 

A major purpose of our work in St. Louis was to demonstrate the feasi­

bility and utility of using a new technology-Automatic Vehicle Monitoring 

(AVM) systems-as a research tool. In other chapters we have shown how AVM can 

be used to monitor police patrol car location~ In police patrol experiments 

that deliberately manipulate the locations and patrolling patterns of police 

cars, the monitoring capability provides the first feasible control mechanism 

available to police researchers to maintain the integrity of experimental 

condition~ Virtually all previous patrol experiments suffer to some extent 

because of the lack of such experimental monitoring. 

In addi tion to the monitoring function, earlier in this report we have 

demonstrated how AVM can also be used as a basic research tool. CUr reported 

analyses (in Chapter 2) describe the statistical behavior of patrolling pat-

terns (e.g., the mean and distribution of the number of blocks that are 

traveled between turns, the serial correlation of the numbers of blocks 

traveled between turns, etc.). Potentially, it could be this basic research 

capability of AVM that provides the most far-reaching and exciting 

opportunities for police researchers. 

In this chapter our goal is to indicate by detailed example the type of 

basic research analysis now possible with AVM. Our focus is on the following 

question: 

When a criminal is deciding whether or not to commit a crime at a 
particular time and location, does he/she take into account the 
locations of nearby police pitrol cars? 

For crimes reported in progress (or shortly after completion), AVM provides a 

detailed picture of the locations and patrolling patterns of nearby patrol 

cars. Given a crime (say a street robbery) at a particular time and location, 
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a police researcher using AVM can measure travel distances to the closest 

police car (at the time of the crime), to the second closest police car, etc. 

One might sFeCUlate that a "rational" criminal who weighs risks and benefits 

prior to comrniting .:'i criminal act would select the times and locations of 

his/her crimes to be farther from police patrol cars than one might expect 

from "random chance." That is, a rational criminal would attempt to avoid 

police patrols as a means for avoiding police detection and apprehension. Q'l 

the other hand, one might speculate that at least some criminals are either 

risk-prone or indifferent to police presence, perhaps believing that the risk 

of on-site apprehension is so small that it can be ignored. 

For the case of the risk-prone individual, the distance between his/her 

crime location at the time of the crime and the nearest police patrol car is 

determined solely by random chance. In the case of the risk averse individual, 

the distance between the crime and the closest police car would teoo statis­

tically to be larger than what one would expect from random chance. 

AVM allows one to begin to address the types of hypotheses suggested 

above. In some ways, the AVM capiliility is analogous to a biologist's micro­

scope, but instead of studying the distances and interactions between, say, 

mutant and normal cells, we are studying the distances between crimes and 

police tatrol cars. We feel very fortunate to be the first police researchers 

to utilize this exciting new research tool. 

This chapter contains four sections. In Section 1, we define what we 

mean by "random chance" and thereby develop a predictive theory for the dis­

tance from a crime to the closest police car under the null hypothesis of 

independence between crime locations and police car locations. We develop 

three alternative procedures for predicting these distances under the null 

hypotheSis, and fortunately for the l~s of questions we are asking, all three 

essentially predict the same type of statistical behavior. In Section 2, we 
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describe a limited sample of 117 crime incidents that were monitored and 

analyzed for this study. Careful consideration is given to verification a~d 

experimental controls. Section 3 contains the results of the statistical 

analysis, whereas Section 4 contains a discussion of possible policy impli­

cations of our results. All of the relevent mathematical modeling theory is 

developed in AR?errlix N. 

5.1 PBIDIC'I'OO DISTAOCES BmwEEN CRIMES AND NEARBY POLICE CARS 

In this section we derive the statistical behavior of the distance between 

a crime and the closest police car. These "probability laws" are required to 

test formally, the two competing hypotheses: Ho (null hypothesis), crimes 

occur independently of police car locations; HI (alternative hypothesiS), 

crimes occur in a way that depends on police car locations. We will restrict 

our family of HI hypotheses to those for which there is a deliberate avoidance 

of police cars by criminals. 

Under the null hypothesis of independence, we might expect that the 

probability density functionl (PDF) for the distance between a crime and the 

nearest police p:ltrol car might resemble that shown in Exhibit 5.1. Under the 

alternative hypothesiS of avoidance, we would expect the probability density 

ftmction to be shifted to the right, also as shown in Exhibit 5.1. Another way 

to display these same models is to use cumulative probability distribution 

functions (CDFs), as shown in Exhibit 5.2. CDFi3 have the advantage that one 

can read intuitively appealing values of probabilities directly from the curve. 

;l'he value of a CDF at a p:lrticular distance, say 1,000 feet, is the probability 

that for a random crime the closest patrol car will be closer than 1000 fee~ 

lA probabilit7( densit~ function ~s the underlyi .. ~ theoretical curve that 
gives rise to emp1rical h1stograms 1n data collect1on procedu~es. As the 
sample size of an experiment increases, the histogram approaches 1n appearance 
the probability density function that generated the dat~ 
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Exhibit 5.1 

TvJO Plausible Prababili ty Density Functions (PDFs) 

for Distance fran a Crime to the Closest Police Car 

Value of PDF 
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~ Plausible CUmulative Probabili tv Distribution Functions 

(COFs) for Distance fran a Crime to the Closest Police car 
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Our CDFs always start at a value equal to zero (at zero feet), climb smoothly 

and continuously, and eventually reach the value of one (reflecting the fact 

that eventually the closest police car must be within, say, one million feet of 

the crime). In Exhibit 5.2, we have shown two CDFs~ one for the null 

hypothesis (Ho) of independence and the other for the competing ~thesis (HI) 

of avoidance. As drawn in Exhibit 5.2, there is fully a 50 percent chance that 

the closest police car will be within 1000 feet of a random crime, given the 

null hypothesis of independence. under the alternative hypothesis of avoidance 

(HI) there is only a 20 percent chance that the closest police car will be 

within 1000 feet. Also under HI' there is a 50 percent chance that the closest 

police car will be within 1300 feet. A consequence of these numbers is that 

there is a 30 percent chance that under HI the closest police car will be 

between 1000 and 1300 feet from the crime. Because of the intuitive appeal of 

CDFs (over PDFs) and because of their proneness to more statistical stability 

(when compared to PDFs) , our derived probability laws and our empirical 

results will usually be displayed as CDFs. 

All of our distance measurements arE:! made assuming the "Manhattan" or 

"right-angle" distance metric. By this, we mean that cars only have four 

directions in which to travel, typically east, west, north and south. This 

metric is more appropriate for describing travel distances in a city than, say, 

the Euclidean ("as the crow flies") metric. A visual inspection of the street 

map of District 3 will reveal the desirability of the Manhattan metric as 

comp;l.red to the Euclidean metric. When the Manhattan metric is used, the set 

of points that are a fixed distance from a given point is a square rotated at a 

450 angle to the directions of travel. (For the Euclidean metric, the 

corresponding figure is a circle.) Templates of such rotated squares were used 

to measure travel distances from maps in st. Louis. 
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5.1.1 Spatial Poisson Process 

One can generate a simple model for the F£0bability law for the distance 

between a crime and the closest police car by resorting to the theory of 

spatial Poisson processes. For such a process o{:erating in ,two dimensions, one 

assumes that there are "entities" distributed throughout the two dimensional 

space, with the average density of such entities being G entities {:er unit of 

area. For instance, if G = 2 and the unit of area is a square mile, then we 

have a process with 2 entities (on average) per square mile. '!be locations of 

these enti ties are "totally random," as if one had determined them by throwing 

darts blindfolded at a walL2 'Jlle numbers of entities in nonoverlapping areas 

are assumed to be independent. The likelihood of an entity being in a par­

ticular very small area, say l/lOooth of a square mile, is approximately 

(1/1000) • G, or from the example above, (1/1000) • 2 ::: 2/1000. 

The name Poisson pcocess derives from the fact the probability law of the 

number of enti ties in any prespecified region having area A obeys a Poisson 

probability law having mean ~3 '!bese processes have been utilized before by 

biologists examining distances between cells in a microscope slide, by astro­

nomers examining distances between stars in galaxies,4 and by others dealing 

wi th probabili ties in a Sp3 tial envi ronment. 

In a :r;x>lice application, the Poisson entities would be J;Btrol cars. Under 

HOI one picks a random point in the plane containing G p:1trol cars per square 

mile, and one derives the probability law for the distance from the random 

point to the nearest police car. This derivation is sometimes called 

2'1he purpose of our discussion of technical topics in this chapter is to 
maximize the accessibility of essential points and to develop intuitio~ 
Awendix N contains full technical details. 

3That is, the~7rbability that there are n enti ties in a fixed region of 
area A is (GA)n e- n! for n=0,1,2, ... 

4A three-dimensional Poisson process in required in this case. 
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"nearest neighbor" analysis.5 '!be result is as follows: 

(a) 

(1) 

~o (b) . 
parameter~ This PDF is called a Rayleigh PDF with These curves are 

displayed in Exhibit 5.3. '!be mean and variance are 

D = !~2: (a) 

7r 1 ( 2) 
VARD = (2 - 2) 4G (b) 

Equations (1) and (2) above summarize our simplest predictive model for the 

distance from a crime to the closest police car, Under the null qypothesis of 

indep:ndence. We refer to this as the "Rayleigh model~ n 

In police applications, the assumptions underlying the Rayleigh model are 

violated in the following ways: 

1. '!be two-dimensional sr-ace has a finite area (e.g., the area of 
District 3), not an infinite are~ 

2. Police patrol cars are distributed over beats and sergeant's 
zones, thus a certain degree of randomness assumed in the 
Poisson model is not present in reality. 

3. Police patrol cars are not distributed uniformly in spac~ 

4. Crimes, even if they occur independently of police p:1trol cars, 
are not distributed uniformly in spac~ 

Because of these violations of the Poisson (or Rayleigh) model in practice, one 

seeks to derive Ho probability laws from models having more realistic 

assumptions. '!hat is the purpose of the next two subsections. We will find, 

that for distances of interest, the Poisson (or Rayleigh) model is a remarkably 

robust model, even in the presence of the four oomplications cited above. 

5R.c. !arson and A.R. OCb'ni, Urban Operations Research (Englewood Cliffs, 
NJ: Prentice Hall, 1981), pp. 150-151. 
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Value of PDF 

(a) PDF 

Value of CDF 

(b) COP 

EXhibit 5.3 

Rayleigh Probability law f.or Distance 

fram a Crime to the Closest Police car 
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5.1.2 Results of a Simulation Model 

One way to derive the probability law for the distance between a crime and 

the nearest police car is to simulate the police patrol force being studieCL A 

simulation model is a comp,Iter-based model in which relevant complications of 

the real world are incorporated in the simulated world. Thus, one need not 

assum~ an infinite-area region having uniformly distri!:uted police cars (as is 

assumed by the spatial Poisson model), but rather all of the spatial 

heterogeneities and other complications of the real world can be incorporated 

wi thin the simulation model. 

We report here the development and use of a simulation model of the 

District 3 police patrol force .• Within the simulation, 1,000 incidents were 

generated independently of the location of the (simulated) patrol cars, and an 

empirical probability law was deri.ved for the distance from the incident to the 

closest police car. This represents our second method for deriving probability 

laws under Ho' 

In conducting the comp.Iter simulation runs, the following assumptions were 

initially used: 

1. District 3 is modeled sIBtially according to its "Pauly Block" 
structure. A Pauly Block in St. Louis is the smallest area for 
which police statistics are maintain~ 

2. Crimes,are distributed over Pauly Blocks in the simUlation 
model 1n the same way as they are in District 3 (as measured 
over, a two-month period). Thus, the ~~xobability that a 
partlc,u~ar crime occurs in Pauly Block 103, say, is the same 
probabil1lJr that one would experience in practice. 

3. Simulat~d c,ri~es occ:ur indepeooentlyof tatrol car locations. 
Each c:r1me 1nc1d:nt 1S modeled individually, and patrol car 
lo~at1~ns for cr1me i are independent of the locations for 
crJ.me 1-1 or any other crime. 

4. Patrol cars are always assumed to be in their beats. The 
district station house is ignoredk 
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5. The proportion of time that a patrol car spends in any given 
Pauly Block in his beat is assumed to be equal to the 
proportion of call-for-service workload that is generated from 
that Pauly Block (comtared to the beat-wide total). Given that 
a particular Pauly Block is selected by the simUlation model as 
the one containing the tatrol car, the exact locations of the 
car within the Pauly Block are chosen from a uniform 
probability law over the Pauly Block.6 

6. The model is general, so that different sections of different 
cities can be modeled. 

7. For District 3, the model assumes 24 patrol uni ts, 85 Pauly 
Blocks, and 1,000 crime incidents. 

The major result of this simulation model is shown in Exhibit 5.4, which 

displays the CDF for the distance to the closest car. In fact, two CDFs are 

shown: the empirical one, derived by the 1,000 random-fX)jnts simulation model, 

and the theor.etical Rayleigh CDF whose mean is set equal to the empirical mean 

derived from the simulation. The simulation results on the figure are shown as 

a sequence of dots, whereas the theoretical results are shown as a smooth 

curve. For both situations, the mean distance to the closest car is 1,872 

feet. 7 A visual inspection of Exhibit 5.4 reveals how closely the 

Rayleigh model fits the much more complex simulation model. The empirical 

variance of the distance to the closest car was found to be 1,202 3:Juar.e feet 

with the given mean of 1,872 feet, and assuming the true distribution is 

Rayleigh, the patrol density would then be 0.1120293 cars per 1,000 square 

6'Ihe "point-polygon" method is us~ See R.c. Larson, Urban Police Patrol 
AnalYSi~ (Cambridge, MI~: MIT Press, 1972) pp.174-77. 

7Since District 3 contains approximately 9.8 square miles, with 24 
patrol units the patrol car density is G = 24/9.8~2.449 cars per 3:Juare mile. 
The Rayleigh model predicts in this case a mean distance [See Eq. 2(a)] of 
(l/4~ 1r /2.449 ~ 0.4004 mile, or 2,114 feet. The reduction from 2,114 feet to 
1,872 feet,017 about 11 percent, is due to spatial inhomogeneities in patrol 
and incident l:()("..ations and to the constraint that police cars must be located 
in );ecto[s. 'l~o the extent that the district boundary affects the mean 
value, Chaiken has shown that boundary effects should actually increase the 
mean travel distance as romtared to the value predicted by the spatial Poisson 
model. [J.M. Chaiken, "Boundary Effects in Square Root Laws for Travel 
Distance, n Research Note, 1973, Rand Corporation! Santa Monica, CA]. 
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feet. With such a ccu: density the Rayleigh predicts a variance of the distance 

to the closest car of 0.957796, about 20 percent less than the variance 

COOlpUted by the simulation model. 

The simulation variance seems to be associated with a longer tail than 

that predicted by the Rayleigh model. Chi-square tests comparing the theor­

etical and the empirical curves for rather coarse partitionings of the distance 

axis yielded remarkably good results indicating that the null hypothesis that 

the Rayleigh curve is the underlying theoretical curve should not be discarded. 

To test the curve even further, we parti tioned the distance sample axis into 

the smallest intervals [xi' Xi + lJ such that the expected number of incidents 

in each interval is greater than or equal to 5. We then obtained a chi-square 

value of 231 with 165 degrees of freed:>m, which is approximately the same as 

3~36 in the standard normal distribution.8 If the model is correct, one would 

obtain such an outlying statistical value less than five times in 10,000 tries. 

Hence, that application of the chi-square test suggests a plausible rejection 

of the null h;yt:othesis. Here, we are running into a situation which is quite 

common in statisti.cs, namely, that if the sample size is large enough virtually 

aIr:! null hypothesi~ which is even marginally different from the underlying true 

state of nature, will be reject~ 

Upon examining the detailed assumptions of the simulation model, it was 

felt that one critical aspect of District 3 operations was not included in the 

model. This related to patrol cars located at the district station house 

during their eight-hour tour of duty, most likely filling out a crime re:port, 

bringing in an arrested person, or other similar activities. We thus modified 

BWhen the number of degrees of freedom in a chi-square test exceeds 100, 
one treats 2X2 - 2(No. degrees of freedom) - 1 as a standard normal random 
variable. [See, for instance, P.~ Hoel, S.C. Port and C.J. Stone, Intro­
duction to Statistical TheoCY (Boston: Houghton Mifflin, 1971), p. 226.J 
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the simulation model (called SIMBASE) to include the possibility that patrol 

cars were at the station house. In r:articular, we designed SIMBASE to have 24 

cars patrolling in District 3 in the same way that the HYPercube runs reported 

in Chapter 3 were configured. Each patrol car, however, is assumed to spend 

20 percent of its patrol time at the station house.9 The station house is 

modeled in the simulation world as a 100 ft. x 100 ft. Pauly Block in which a 

25th car patrols continuously. This means that the proportion of time 

that car i spends in Pauly Block j, tij' under this model, is 0.8 tlj, where 

tlj is the proportion of time car i spends in Pauly Block j as calculated by 

the Hypercube model. Moreover, for each incident, the distance to the nearest 

car is calculated as the minimum of the distance to the nearest regular patrol 

car and the distance to the car at the station house. There is a small pro-

bability (equal to 0.0005) that an incident will arise at the station house 

itself. 

'1l1e associated COFs for the station house simulation are shown in Exhibit 

5.5. Here we note that the mean distance has shifted from 1,872 feet to 

2,113 feet. The increase, roughly 13 percent, in mean travel distance is 

predicted crudely by the square root law which states that the mean distance to 

the closest car varies roughly as (l/patrol car density) ~ In this case, the 

density was effectively reduced by approximately 20 percent, so we could expect 

roughly that the mean response distance would be increased by 9 or 10 

percent. The fact that the increase is close to 13 percent is due probably to 

the inhomogeneities and boundary effects found in District 3. A visual 

inspection of Exhibit 5.5 will indicate that the station house simUlation 

results seem to fit more closely to the Rayleigh COF having the same mean for 

moderate and large response distances and i.t fits roughly the same as the 

9The 20 percent figure is based on data collected during the summer of 
1980 in District 9. 
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earlier simulation for smaller response distances. The empirical variancey 

calculated from the simulation run is 1,540 square feet. The patrol car 

density G is given as 0.08796, as derived from the Rayleigh modeL With that 

G value the Rayleigh model predicts a variance of 1,220 square feet. Again, 

the variance, as predicted by the Rayleigh distribution is approximately 20 

percent less tha."l the variance calculated from the simulation model, a result 

similar to the earlier simulation run. 

A series of chi-square tests was done on these results, all indicating 

relatively good agreement between the simulation curves and the theoretical 

Rayleigh curve. For instance, in one chi-square test calculated over the 

interval [0, 9000] feet, eacb chi-square cell had an expected value greater 

than 20.0; the step size in determining the cells was 500 feet; for the 

first 980 points (out the total 1,000 points) the chi-square value was 16.4 

with 10 degrees of freecbm. The probability that Ghi~square would be greater 

than this particular value given the accuracy of the null hypothesis, is 

awroximately 0.1, meaning that the null hyp:>thesis could not be discarded at 

the 0.05 level of significance. When doing chi-square tests on the interval 

[0, 8000] feet, the results were even more strongly favorable toward the 

Rayleigh distribution. For instance, with a step size of 10 feet and re.quiring 

that each interval have an expected value gr.eater than 5 incidents, the chi­

square value for the first 800 points was 117, having 125 degrees of freedom; 

the probability that the chi-square statistic would be greater than this 

value, given the correctness of the null hypothesis, is approximately 0.70; 

this again confir-:as the strength of the null hypothesis, particularly for non-

extreme values c.f distance to the closest car. 

We have e!-I,sentially similar results for mFs computed from the simulation 

using the Euclidian distance metric, for both the station house and no station 

house cases. '!be chi-square results in these cases terrled to be less suppor-
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tive of the null hypothesis, and most of our tests could be used to reject the 

null hypothesis at the .05 level of significance. 

When comparing the simulation results to f.:he Rayleigh model, we thus 

conclude that the Rayleigh model is a relativE'.ly accurate one for predicting 

distance to the closest car under the right-angle metric, but somewhat less 

accurate under the Euclidian metric~ The Rayleigh model is particularly 

accurate for low and moderate values of travel distance. The right-angle model 

is more relevant for our purposes here, since it is the right-angle metric 

which is appropriate in a metropolitan or urban setting for predicting travel 

distances. An examination of the potential response p:l ilis in District 3 will 

reveal that the right-angle metric is a much more accurate depiction of travel 

paths than the Euclidian metric. 

5.1.3 Generating Pseudo-Incidents 

So far we have described two alternatives for generating the null 

hypothesis: the first by the spatial Poisson model yielding a Rayleigh proba­

bility law for the distance from a crime to the closest ~ar under the 

assumption of independence; the second a detailed spatial simUlation model 

which p:lrtitioned District 3 into 85 statistical reporting areas and used the 

simUlation model to generate 1,000 incidents independently of patrol car 

locations. We now describe yet a third procedure for generating the travel 

distance probability law under the null hypothesis of independence between 

crimes and police, and that involves so-called pseudo-iIlcidents. 

A pseudo-incident is defined to be an imaginary crime whose time and 

location are selected via computer to match the statistical likelihood of times 

, " D' t ' t 3 and locatIons of crImes 10 IS rIC. That is, via computer we sampled the 

temporal and sp;ttial distribltion of District 3 crimes to generate the times 

and locations of 1,000 pseudo-incidents to occur in District 3~ 
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Suppose that pseudo-incident 113 is in Pauly Block 49 and is to occur at 

4:19 pm on a Tuesday afternoon. On that Tuesday, a staff member in st. Louis 

would hold a clear transJ;6.rency onto the FIAlR console at 4:19 pm, and via the 

movable cursor, center the console display on Pauly Block 49. He or she would 

then encircle, on the trans{Brency, the location of the center of Pauly Block 

49 and then place x's at the locations of the five nearest fX)lice cars as shown 

by the FIAIR console. Clearly, the locations of these police cars occur inde­

pendently of this time and location selected for the pseudo-incident. This 

procedure was used to generate approximately liOOO pseudo-incidents in 

District 3. 

The pseudo-incidents represent a ~brid between pure computer simulation 

and empirical measurement in the fiel~ The times and locations of the 

FEeudo-incidents were generated by Monte carlo computer simulation techniques; 

the locations of the police cars are actual locations as measured in st. Louis 

at the simulation-generated times and locations. 

All of this work is summarized in Exhibit 5.6 which displays tl;.e COP for 

the distance to the nearest police car (as measured by the Manhattan metric) 

for three different cases: the new 1,000 pseudo-incidents, the aforementioned 

1,000 simulation incidents, and a Rayleigh distribution adjusted so that the 

median of the Rayleigh equals the medians of the two empirical COPs. The 

simulation results which are displayed in Exhibi t 5.6 are identical to the 

simulation results of Exhibit 5.5 (i.e., Monte Carlo simulation wi th the 

station house) with a minor adjustment scaling each simulation entry so that 

the p3.trol density (in r=atrol units per !:quare mile) equals the average r=atrol 

densi ty experienced in st. Louis. As can be seen from the exhibi t, there are 

no significant differences between the three curves for values of cumulative 
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probabili ties ranging from 0 to approximately 0.6. After 0.6 in cumulative 

probability, the pseuCb-incident curve and the simulation curves renain very 

close; however, the Rayleigh curve tends to be somewhat above the other curve. 

Thus, the Rayleigh curve--when adjusted at the median value--tends to 

underestimate distances for responses in the top 40th percentile of responses 

compared to both the pseudo-incidents and the simulation model. This is 

somewhat surprising considering the fact that the Rayleigh model assumes an 

infinite plane having approximately 0.0841 cars fer 1,000 9:!uare feet, whereas 

District 3 represents a finite area. Some of these boundary effects have been 

considered earlier in the aforementioned technical J;aper by Chaiken., 

The major conclusion here is that for response distances ranging from 0 

feet up to the number of feet corr.esponding to the 60th percentile, there 

appear to be no statistically signil':icant or policy significant differences 

between an adjusted Rayleigh probability law and the probability laws derived 

by two much more complex modeling efforts: the Monte carlo simulation model 

and the pseuoo-incident method. 'Ihls further justifies the robustness of the 

spatial Poisson model or the Rayleigh model, especially for small and moderate 

valued response distances. 

5.1.4 Generating a Family of Alternatiye Hypotheses 

Now that we have successfully generated probability laws for the distance 

from a crime to the closest police car under the null hypothesis of indepen­

dence, we are confronted with the task of deriving analogous laws under the 

comF€ting hypothesis of a criminal's deliberate avoidance of police. Building 

on the robustness of the Rayleigh model, we alter the Rayleigh model to bring 

in avoidance. 

CUr first step in modeling avoidance is to assume that wtential crimes 

occur as a homogeneous Poisson process (both in sJ;ace and time). The key idea 
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is that, with avoidance, certain potential crimes will never become actual 

crimes due to the proximity of a patrol car. More precisely, suppose that a 

potential crime is to occur' at a particular point (e.g., an unlocked automobile 

with the key left in the ignition) and that the nearest marked patrol car is d 

units of distance away. Then we assume, under the avoidance hypothesis, that 

the potential crime will become an actual crime with probability a(d}. Intui­

tively, one would expect a(d) to behave as follows: 

1. a(O) =0; that is, no actual crimes occur "in front of" a 
police officer. 

2. a(ao) =1; that is, if the distance to the closest police car is 
arbitrarily large, then the potential crime will 
certainly result in an actual crime. 

3. a(d} should be smoothly increasing with d. 

For our analysis we will choose 

'L>O ( 3) 

Here L is an index of nonavoidance, with nonavoide::2'lce increasing as L 

increases. Very large L implies almost no deliberate avoidance of p:>lice by 

the criminal, thus supporting the null hypothesis of independence. Very small 

L implies considerable avoidance. 

With the Manhattan distance metric we recall that the set of points 

eqUidistant from a given pOint is a square rot.ated 45 0 to the directions of 

travel. If the (travel) distance from the given point to a point on the side 

of the squar,? is d, then the area of the square is 2d2 • The, form of Eg. (3) 

is suggestive: it implies that avoidance decreases exponentially with the area 

of the rotated square centered at the cr.iminal's position and having size 

determined by the closest police vehicle. In a sense, the size of the square 

may reflect to the potential criminal the chances of successful escafe or of 

lack of police detection, the larger the square, the larger the "police-free 

zone" centered at the location of the potential illegal act. 
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Given a degree of nonavoidance L and patrol car density G, using spatial 

Poisson process ideas, one can show that the probability that a potential crime 

will result in an actual crime is 

L P{C} = _ 
Gf-L 

( 4) 

To the extent that P{C} is less than one, we have a measure of deterrence or 

displacement or deferrence of crimes due to police presence. The average 

distance to an ~t.ual crime, given values for G and L, is found to be . 
- I { G ~7r G{g1f} D(G,L) = - (1 + - ) - - - -

4 L G L Gf-L 
(5) 

As one might expect, this average distance is always found to be greater than 

that which one computes under an assumption of no avoidance.IO with maximal 

avoidance (i.e., L=O) we have 

(6) 

Comparing this result with the mean distance found under the independence 

assumptit')n (Eq. 2 (a» I th€re is (somewhat surprisingly) only a 50 percent range 

of possible variability beyond the case of no avoidance. Thus, even with 

marked avoidance, we should not expect drastically differing probability curves 

for the distance to the closest police car. The plausible family of CDF curves 

is displayed in ~hibit 5.7.11 

10 -i~e., D(G,~) < D(G,L) for L<~. 

lIAs discussed in Appendix IV, the CDF curves shown in Exhibit 5e7 also 
awly (with modified values for parameters) in the presence of lmTIlonitored but 
marked patrol vehicles which, in effect, would contaminate somewhat the 
exper imental conditions. The net effect of such contamination is to shift any 
CDF curve which demonstrates avoidance toward the CDF curve (the "Rayleigh" 
curve) that shows no avoidance. While undoubtedly there was some posi tive 
level of contamination in District 3 during our data coJ.lection period l we 
ignor it through the remainder of this chapt.er. First.,. ~·:s shown in Appendix 
IV, small levels of contamination do not significantly alter the results. 
Second, our strategy tends to make any measured level of avoidance a 
conservative estimate of true avoidance. 
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Exhibit 5.7 

Alternative Q)Fs for Distances fran a Cr.i.m3 

to the Closest Police car 

Height of CDF = Probability that the distance fran a randan 
cr.i.m3 to the closest police car is less 
than or equal to d, urrler hypothesis <!> I @, Q) I or @ 
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5.2 THE SAMPLJ:i Of 111 

In this section we report on data collection activities in st. Louis that 

measured distances from actual crimes in progress to the closest police cars. 

The purpose of this analysis is to utilize the theory regarding the null and 

alternative hypotheses described in Section 5. 1 and the related theory in 

Appendix N, tc test whether crimes o(~cur independently of patrol car 

locations. 

5.2.1 The First Sample 

In our data collection activities we actually collected two different 

samples. The first sample, collected during the late spring and early summer 

of 1981, comprised the distances to the five closest police cars from the 

locations of 200 crimes reported in progress. After the data were collected, 

extensive statistical testing was comucted. The results revealed a serious 

bias in the data whereby police cars were generally located closer to a crime 

than would be predicted by random indepeooent behavior. 

This decidedly counter-intuitive measured phenomenon prompted us to review 

our data gathering procedures. We found that several of our data recording 

mechanisms were sufficiently coarse to accoUIlt for the bias we had measured. 

The key element was improper data recording procedures by on-site data 

gatherers. Upon notification via dispatch transmission that a crime was in 

progress, the data gatherers had been instructed to take a "snapshot" of the 

entire area on the FLAIR console both at the 4X magnification level and at 

the 16X magnification level, and to record these snapshots on the PSE videotape 

equipment. Then, aft.er the event was over, the distances to the five closest 

FOlice cars could be analyzed at leisure from the videotape recordings. 

Apparently, for a significant fraction of events, the distances to the 

five closest police cars were recorded from the FLAIR console in real time. 
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This re;ruired a tirne-consuming process usi.ng FLAIR's "locate" feature, to zero 

in on each of the five closest police cars as determined by visual inspection, 

and to measure distances between the crime and the police car. The time 

required to repeat this process for five police cars could be two to three 

minutes or more, depending on the response time of the FlAIR system. This 

delay represented precious time in which the police cars could move signifi­

cantly, most likely toward the crime if it wen:: serious in nature. This 

process, then, provided a plausible hypothesis for explaining t.he measured bias 

in the datu, and represented a serious threat to validity. 

It turned out that a second problematic feature of this data set was a 

lenient screening policy for determining which crimes initially reported in 

progress were in fact actual crimes, and not false alarms or other uninteres­

ting events (uninteresting from the point of view of this study). We thus 

decided to revise totally our experimental procedure and take a second sample 

of incidents. 

5.2.2 The Second Sample 

The second closest car test data collection period, conducted under 

revised procedures, extended from November 13, 1981 to January 10, 1982c 

Starting between 4:00 and 5:00 PM each evening, and continuing until 2:00 AM 

the next morning,12 police activity in District 3 was monito::-ed by police 

radio and the FLAIR system. With videotape continuously recording all radio 

transmissions and the FLAIR 4X display of the district, a PSE staff member 

listened for dispatchers' broadcasts alerting patrol officers to the occurrence 

of a criminal inciden~ In response to such broadcasts, the researcher would 

12Th' t' '~,.:! h (1)' - , , 1S 1me t:erl~ was c osen ln order to maxlmlZe the number of sample 
values obtained during 8 or 9 hours of daily monitoring and (2) to coincide 
with a period in which non-District 3 "special police vehicles" were not very 
active. 
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manipulate the FLAIR console controls in order to ascertain the exact location 

(i.e., with the detaile~ l6X display) of the five patrol cars nearest the 

incident location. Locating the closest cars was accomplished quickly due to 

familiarity with District 3 street locations and block numbers, and also due to 

the videotape arrangement which automatically recorded car locations. This 

arrangement permitted the researcher to disregard the recording task during 

the crucial "real-time" period while officers are responding to an incident. 

The locating task is estimated to have consumed an average of 40 seconds 

following the broadcast of an incident. 

i. 2.3 The SCreening Process 

'lb.e car-locating task was ~rformed in res{:X)nse to 2,518 radio disp3.tches 

during the data collection perioCL These alleged incidents were each subjected 

to a rigid screening process to determine whether I} the incident was bOna 

~ (Le., there was physical evidence or a witness's account of the crime), 

2} the incident occurred at a location visible to patrolmen and thereby per 

tentially influenced by police visibility at that location, and 3} the inci­

dent was reported immediatelY and broadc~ted promptlY by the dispatcher .. To 

facilitate objectivity, a ~lindn procedure was utilized whereby all screening 

was done prior to and inde~ndent of the examination of patrol car locations in 

any of the recorded incidents. As the first step in the screening process, 

SLMPD Chronological car Activity Reports were compared with the project 1109 to 

determine which among the 2,518 videotaped incidents were bona fide (i.e., 

assigned cornpla.int numbers by the department); 425 incidents met this cri­

terion. The associated ~omplaint report for each bona fide incident was then 

examined to determine whether the second and third screening criteria werE:~ also 

met. 

Visibility to patrol was judged on the basis of the crime descriptions in 

the complaint reports. Events disqualified on this basis usually inVOlved 
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larc~ny from department stores or assaults occurring within the confines of a 

home or apartment. (Although application of this screening criterion sometimes 

required a subjective judgment, it should be noted that any incident impro­

perly included in the sample would tend to have a conservative effect on any 

statistical result that suggested criminal avoidance of police.) 

In the closest car test, the usefulness of. knowing a car's location X 

minutes after a crime's occurrence is inversely related to the value of X. 

Routine patrol movements continuing after a crime's occurrence permit change in 

the spatial distribution of cars around the incident location, eventually 

obscuring whatever pattern may have existed when the incident transpired. In 

the earlier data collection period a fi.ve minute standard had been established 

as the maximum allowable elapsed time between a crime's reported time of 

occurrence and the time at which the dispatcher's broadcast alerted the 

district (and the researcher) to respond accordingly. This standard was 

adopted in the second data collection period as well. Also during the second 

data collection ~riod, incidents broadcast between five and ten minutes after 

their occurrence were retained as of possible secondary value to the analysise 

Application of the visibility criterion and the five minute elapsed time 

standard reduced the number of useable incidents to 103. An additional 32 

incidents met the relaxed ten minute standard. 

5.2.4 Use of videotaped Records 

The videotaped records for these 135 incidents included the precise 

locations of closest cars at the time of the dispatcher's broadcast, and the 

FLAIR 4X map for the several minutes preceding the broadcast, back to the 

moment at which the crime reportedly occurred. Availability of this videotape 

of the pre-broadcast period permits the adjustment of patrol car locations 

retrospective to this crucial moment. 
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This retrospective adjustment was accomplished using as a basis the post­

broadcast detailed l6X maps for precise car locations in each incident, and 

then reviewi.'1g the pre-broadcast 4X display tel determine ~1hether the relevant 

patrol cars had shifted locations in the interi~ Such movement was found to 

have occurred with at least one monitored car in almost all of the sampled 

incidents. In these cases, the videotape was studied to determine the cars' 

locations at the crime's reported moment of occurrence. Absolute precision in 

this task was not possible because the 4X FLAIR display reveals only those 

streets which mark half-mile intervals throughout the district. In most cases 

it was therefore necessary to estimate the car's location. Several clues 

enabled attainment of a high d~gree of accuracy in this estimation. Primarily, 

these included the car's relationship to the streets displayed on the 4X map 

and to other patrol cars remaining stationary throughout the videotaped 

interval. Visually obserV<able information on the car's direction and distance 

traveled prior to being precisely located on the detailed l6X map also aided in 

the readjustment. This process proved accurate within about one city block, or 

500 feet. 

The use of retrospective adjustment suggested the potential for augmenting 

the 103 incident sample with the 32 incidents of the secondary sample. However 

this was found to be possible in only 14 cases. For the other 18 incidents 

there were insufficient clues available to accurately retrace the movements of 

relevant patrol cars over this exteooed length of time. 

Patrol car mobility in the moments preceding a crime's broadcast produced 

significant change in at least one of the 5 closest cars' locations in 

approximately 80 to 90 percent of the 117 incidents comprising the final 

sampleo Although the lack of precision in the retrospective adjustment of 

these car locations represents a source of error in the data, this error is far 
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exceeded by that which would be permitted through the inclusion of several 

minutes of r;::atrol movement subsequent to a crime's occurrence. To promote the 

randomness of the adjustment error, the retrospective adjustment process was 

completed in ignorance of the crime's exact location; on the hard-coRY incident 

mar.s ultimately used for distance measurement, all car mapping and adjustment 

was completed prior to the marking of the incident location. 

5.2.5 Sample Characteristics 

In this section our purpose is to Cescribe briefly the characteristics of 

the 117 crime incidents in our sample. Exhibit 5.8 shows the distribution of 

incidents as initially reported and finally recorded. When first reported to 

the SLMPD the 117 incidents fell into of 25 different crime code categories. 

The most frequent categories were hold-up (n = 12), larceny just occurred (n = 
12), and disturbance (n = 11). In writing up the associated incident report, 

the investigating police officers often re'~categorized the incident into a 

final crime code classification. Items lUte "burglars in the building" and 

"alarm sounding" were re-categori.zed as burgliary or attempted burglary; items 

such as "larceny just occurred" or "holding for larceny" were re-categorized as 

"stealing under" or "stealing over" (the threshold value being $150). The most 

numerous final crime categories were "stealing under" (n = 20), "d~struction of 

property" (n = 18), "robbery" (n = 17), and "burglary" (n = 15). 

In considering the plausibility of the avoidance hypothesis, one could 

reasonably a:.::'gue that certain crimes are more cooouci ve to rational analysis 

before the fact than others. Our conjecture was that non-rational, or 

"assaul ti ve" c~imes may be supportive of the null hypothesis of independence, 

whereas the rational, of "property" crimes may occur in an environment of 

delib~rate avoidance. In this light, we categorized the 117 incidents into 

assaultive crimes and property crimes, as shown in Exhibit 5.9 • 
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10 
15 
20 
21 
22 
23 
24 
25 
26 
31 
32 
34 
40 
41 
42 
43 
50 
52 
60 
61 
70 
71 
72 
73 
80 
81 
90 
91 
95 

Exhibit 5.8 

Incident (Crime) categories. Samle of 117 

Number in Sanple 

Incident ~ 

Rap: 
Kidnapping! 
Robbery 
Hold-up 
Strong Arm 
Purse Snatch 
Stealing Under 
Stealing ()j>er 
Atten~ed Robbery 
Assault (I, II, III) 
Shooting 
Fight 
Burglary 
Attempted Burglary 
Burglars in Building 
Alarm Sotmding 
Larceny J'ust Occurred 
Holding for Larceny 
stolen Auto 
Tampering 
Destruction of ProJ;erty 
Window &nash 
Prowlers/SUSpicious Person 
Prowlers Attempting Entry 
Flourishing (a Weapon) 
Shots Fired/Discharging 
Disturbance 
General call for Police 
VK:SL (Drug Possession) 
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Initially 
Reported 

1 
o 
1 
12 
1 
3 
o 
o 
2 
6 
1 
5 
3 
1 
6 
4 
12 
8 
1 
5 
7 
2 
6 
6 
4 
6 
11 
3 
o 

FinallY 
Reported 

1 
1 
17 
1 
o 
o 
20 
2 
3 
13 
o 
o 
15 
5 
o 
o 
o 
o 
1 
6 
18 
o 
o 
o 
3 
5 
4 
o 
2 

Exhibit 5,9 

TWo-Way Classifications of Crimes 

Crimes in 
Sample of 117 

Mednick-Stack 
categorizations 

lEEEfitional 
N-Not Rational) 

Assault N 

Burglary R 

Burglary (Attempted) R 

Destruction of ProJ;erty N 

Disturbance N 

Flourishing (a weapon) N 

Hold-up R 

Kidnawing -** 

Larcerw R 

RaJ;e N 

Robbery R 

Rol:t>ery (attempt) -** 

Shots Fired/Discharging -** 

Stolen Auto R/N 

Tampering (with property, R 
especially auto) 

~ 
categorization 
lMrqperty 

A-Assaultiye Crimes) 

A 

P 

P 

A 

A 

A 

PiA 

A 

n . 
A 

PiA 

P 

A 

p 

p 

Agreement 
Mednick-Stack and 

psE categorizations 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes* 

Yes 

Yes 

Yes 

Yes* 

Yes*** 

Yes 

*For robberies and hold-ups, we ~rformed our analyses two ways: first, 
by including these crimes among the property crimes1 second, among the risk 
crimes. 

**Mednick and Stack either were not asked about these types of crimes or 
offered no categorization~ 

**~e assigned stolen auto to the pcoJ;erty class of crime. 
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As an independent cross-check, we sent our sample to Dr. S.A., Mednick, 

who has studied the relationship of biological factors with crime and 

criminality.12 His categorization of nrational nand "nonrational n crimes is 

also shown in Exhibit 5.9.13 While Mednick and his assistant Stack categorized 

hold-up and robbery as nrational n crimes, we were less certain of their status 

as these acts involve the use of a, potentially lethal weap:>n. 'Ihus, we decided 

to designate hold-up and robbery as crimes which could be grouped either with 

the property crimes or with the assaul ti ve crimes, and conducted our analyses 

accordingly. 

The distribution of assaultive, or nonrational crimes is displayed in 

Exhibi t 5.10. rrbe essential core of assaul ti ve crimes, called Al crimes, is 

limited to assault, destruction of property, disturbance, flourishing (a 

weapon), rape, and shots fired/discharging. There were 44 such incidents in 

the sample of 117. A2 crimes include all the Al crimes plus robberies and 

hold-ups; the total number of A2 crimes is 62. Exhibit 5.11 presents a 

similar distril:ution for the property, or rational, crimes. rrbe core of the 

property crimes, called PI crimes, is stealing under, stealing over, attempted 

rot:bery, burglary, attempted burglary, stolen automobile and tampering. There 

were 62 sllch incidents in the sample of 117. When the crimes of robbery and 

hold-up are added to the PI crimes, we then have the P2 crime category, which 

totals 70 in number. We were able to categorize 114 of the 117 sampled crimes 

in this manner. We did not include the single kidnapping crime or the two 

arrests for possession of drugs. 

12s.A. Mednick and J. Bolavka, "Biology and Crime, n In N. Morris and M. 
Tonry, eds., Crime and Justice. an Annual Reyiew of Research Volume 2 (Chi­
cago: The uni versi ty of Chicago Press, 1980), pp. 85-158. Our thanks also to 
Mr. George Shollenberger, NIJ grant monitor, for referring us to Dr. Mednick. 

13'1hese categorizations were provided I:¥ Dr. Mecnick's research assistant, 
Susan Stack. 
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Exhibit 5.10 

lbe Assaultiye or Nqo=rational Crimea 

Crime ~ Number in Sample 

Assault 
Destruction of Property 
Disturbance 
Flourishing (a wear:on) 
Rape 
Shots Fired/Discharging 

All Al Crimes 
Robbery 
Hold-up 

Exhibit 5.11 

The Property or Rational Crimes 

Crime ~ 

Stealing Under 
Stealing Over 
Attenpted Robbery 
Burglary 
Attenpted Burglary 
Stolen Auto 
Tampering 

All PI Crimes 
Robbery 
Hold-up 

Number 

'1OTAL 

153 

13 
18 

4 
3 
1 
5 

44 

44 
17 

1 

62 

in Sample 

20 
2 
3 

15 
5 
1 
6 

52 

52 
17 

1 

70 
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5.3 STATISTICAL ANALYSES 

With the sample of 117 verified crime incidents from District 3, our 

statistical problem is basically one of inference. That is, which of two 

competing hTIX'theses is true: Ho, that crimes occur independently of police 

car locations; or HI' that criminals to some extent deliberately avoid police 

cars when committing their criminal acts. As indicated earlier in this 

chapter, our HI twPothesis is, in fact, a family of hypotheses as suggested by 

the value of the nonavoidance };Brameter L. We are faced with the fact that the 

range of plausible values for the average distance from an actual crime to the 

closest police car is from 0 percent to only 50 percent above the value that 

would be found under Ho. This range of models as expressed by cumulative 

distribution functions has been shown previously in Exhibit 5.7. 

In order to develop an intui tion for model parameter values, suppose we 

find that p{e}" the probability that a potential crime becomes an actual crime, 

is estimated to be 0.8. If this estimate were in fact correct, then 80 percent 

of potential crimes would result immediately in actual crimes occurring. An 80 

percent value for this parameter would require that L be precisely four times 

the measured patrol density G. For instance, if the patrol density were one 

patrol car per unit area, then L would equal 4 in order to obtain the 80 

percent figure. With L=4, we would have 

Recall that a(d) is the probability that a potential crime will result in an 

actual crime, given that the closest police car is d units of distance away. 

If the unit of distance is miles, and the closest police car is 0.05 miles 

away (i.e., approximately 260 feet away), then a (d) = 1 - e-8 (0.05) 2= 0.0198; 

that is, less than 2 pera:nt of potential crimes occurring 260 feet away from 

the closest police car result in actual crimes. If the distance to the closest 
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car is doubled to O~l mile, then a(d) = 0.0769. If it is doubled again to 0.2 

miles, the a(d) = 0.2739. However, if the closest car is as far away as 0.5 

miles, then a(d) = 0.8647. In summary, an L value that causes 20 percent of 

potential crimes not to occur requires tremendous reluctance on the part of the 

potential criminal to commit a crime when the closest police car is within, 

say, one or two city blocks of the potential crime. Yet, the L=4 CDF is the 

one closest to the null hypothesis CDF in Exhibit 5.7. '!be maximum sep:lration 

between these two curves is only 0.13 along the vertical probability axis. 

Thus, with a small or moderate sample size, random fluctuations around the 

correct theoretical CDF could create difficulties for the statistician in 

determining whether Ho or HI (L=4) is the correct model. 

with the above discussion as general background, we now provide some of 

the empirical results. In Exhibit 5.12 we display the empirical CDF for the 

distance between an actual crime (in our sample of 117) to the closest 

monitored police car. Distances are measured in units of 1,000 feet. Also 

shown in the figure is the closest cumUlative distribution Rayleigh curve, 

where closeness is measured in minimum sum of squared errors.14 The best 

estimate for patrol car density for this curve is 0.06627 cars per 1,000 

square feet or, equivalently, 1.848 cars per square mile. If one holds this 

estimate of G fixed and then searches for the best estimate of the nonavoidance 

p:lrameter L, again using least squares as one's fit criterion, one finds an L 

value of 37 p l12. This relatively huge L value suggests almost complete 

nonavoidance (i.e., independence between criminals and police cars) as 

indicated by p{e} = 0.9982. Thus, for the entire sample of 117 incidents, 

when the Rayleigh curve is fitted to the entire range of distances, one finds 

l4Alternative hypotheses testing procedures are discussed in A:r;:pendix IV • 
We use least squares here since it allows hypothesis testing via chi-squared 
analysis, perhaps the most well-known method of testing hypotheses with 
distribution data. 
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Exhibit 5.12 

CDF for the Distance fran a Crime to the 

Nearest FLAIR-observable Patrol Car, Entire Sample of 117 
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one support whatsoever for policy relevant or statistically significant 

avoidance on the part of potential criminals. A chi-square goodness-of-fit 

test indicated that the Rayleigh CUrve could not be discarded at the 0.05 level 

of significan~15 

Because of the exceedingly good fit. of the Rayleigh distribution to the 

two other distributions derived to model the null hypothesis' (the other two 

were found by simulation and by the pseudo-incidents method), an effort was 

also made to fit the underlying parametric curves only through the first 60th 

percentile of measured response distances. When the best Rayleigh curve is 

fitted just through the 60th :p:rcentile of the CDF for the entire sample of 117 

incidents, the best estimate for G changes slightly from 0.06627 to 0.06596, or 

a drop of approximately only of one-half of one percent. With this fit too, 

the measured L (19.36) suggests virtual independence of criminals from the 

location of police cars. Because of the theoretical rationale for fitting 

curves only through their 60th percentile, it will be those fits which are 

emphasized subsequently in this section. 

Shown in Exhibit 5.13 are results for the 52 incidents known as the "PI" 

property crimes. The figure shows CDFs for the empirical findings for the 

best Rayleigh fit, and for the best fit allowing avoidance. In all cases, we 

15Each step size in the chi-square test is the smallest mul tiple of 200 
feet required to have an eX};ected number of observations greater than 5. Chi­
square values were tabulated for each number of step size, from 1, 2, 3, ••• , 
starting at the origin (namely 0 feet). '!he chi-square values were exceedingly 
good up through 7 degrees freecbm with 44 observations, yielding a chi-square 
value of 7.006, which is approximately the value that one would expect by 
random chance if the model being tested were precisely the correct model. 
Larger values for chi-square, which became statistically significant at the 0.1 
level, but not at the 0.05 level, occurred with larger d2grees of freed::>m. Even 
if the null hypothesis is precisely correct, this behavior can be expected 
since the Rayleigh curve fails to accurately track the empirically found Ho 
curve beyond about the 60th percentil~ 

157 

\ 

I, 



Exhibit 5.13 

CDF for the Distance frc:m a Crirre to the 

Nearest FIArR-observable Patrol Car, for 'b.~ 52 PI Cdmes 
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first estimate the parameter G representing the density of patrol 

cars, then hold this estimate fixed while we search for the best estimate for 

the nonavoidance parameter ~ In this instance the best estimate of G is 

0.05553. The corresponding best estimate of L is 4.85999. This corresponds to 

a pre} = 0.9887. Thus the best fit in this case for the PI property crimes 

suggests that slightly more than one percent of potential property crimes are 

deterred, deferred, or displaced due to the presence of police. This small 

amount of avoidance becomes even smaller when one adds robbery and hold-up to 

the PJ. crimes, thereby making the P2 crime category. 

When one studies the A2 crimes, and attempts to fit the best L value, one 

always finds (whether fitting the 100 percent sample or only through b'1e first 

60th percentile) that the corresponding L value is infinity. That is, the 

computer program used to get best fits shows that total non-avoidance of police 

by assaultive type criminals is the most appropriate model. The chi-square 

goo0ne3s-of-fit values of the Rayleigh curve with the A2 data are remarkably 

good, with typical chi-square values equalling the number of degrees of 

freedom--values which would typically occur only if the postulated underlying 

model were exactly correct. 

We now return our attention to the PI and P2 property crime categories. 

In particular, we are interested in whether or not there is any statistical 

evidence beyond that reported so far which suggests deliberate police avoidance 

by property criminals. In reporting results above for the property crimes, we 

found that the j;robability that a potential crime would not occur because of 

police presence was on the order of one percen~ In that analysis we fit 

simultaneously the p3.rameters G and L to the empirical data. '!he problem with 

that procedure is that G represents a known physical quantity, namely the 

density of patrol cars (in either numbet· of pat.rol cars per square mile or 

number of patrol cars per 1,000 square feet, or some other equivalenl:. 
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measure). Thus, estimating G from the empirical curves tends to give an extra 

degree of freedom to the curve fi tting that is not warranted from physical 

considerations. 

Analyses reported already in this chapter have given us indep:!ndent means 

for estimating G. For instance, with the SIMBASE simulation model ('with the 

station house) the implied G value from the best Rayleigh curve fit was 

0.08796 cars p:!r 1,000 9:;Iuare feet. When analyzing the indep:!ndently derived 

pseudo-incidents, we adjusted the median of the Rayleigh to equal the median of 

the CDF of the pseudo-incident curve, and there~ derived an estimate for G to 

be 0.0841 cars per 1,000 square feet. Fi.nally, as noted in the footnote on 

p3.ge 131, the measured pl¥sical density of p3.trol cars is 2.449 cars p:!r square 

mile or aOOut 0.0878 cars p:!r 1,000 ~re feet. 'Ihus, the G estimates derived 

from indep:!ndent work are somewhat greater than the Oe06627 value obtained from 

the best G fit over the entire sample of 117 incidents reported earlier. And 

we are aware of no substantial change in the number of FIAm-equipp:d vehicles 

wi thin District 3 dllring the oollect.ion p:!riod for the sample of 117 incidents 

versus during the period of the 1,000 pseudo-incidents. '!hus it seems awro­

priate to assume a G value, indep:!ndently derived, somewhere between 0.034 and 

0.088. Given a particular G value, one then uses least squares methods to 

determine the best value for L, for both the PI and the P2 prQp:!rty crime 

types. An excellent summary measure to indicate the aggregate degree of 

avoidance ~ potential prop:!rty criminals is t.l'le quantity 

P{C} = L T (Irf-G) = the prota~ility than an actual crime will immediately 
result, g1ven that a potential crime occurs. 

The extent to whi~h thi·<; quantity is strictly less than one indicates, as 

discussed earlier, the extent of deliberate avoidance of police cars by 

potential criminals. 
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We have summarized our L estimation analysis for the pro};erty crimes in 

Exhibi t 5.14. In the left most column is the estimated value of G that is 

used for the entries in the corresponding row. As can be seen, the first two G 

entries were obtained from the simulation model (with station house) and the 

Rayleigh model (with median calibrated to that of the p3euCb-incident curve). 

The other six G values were estimated from the sample. The third entry was 

derived from the entire sample (n = 117) and the fourth from the first 60th 

percentil~ Entries 5 through 8 were derived from fitting a Rayleigh curve to 

the various crime categories. '!be thought was that since the assaultivecrime 

categories so closely follow the Rayleigh curve, estimating G from these 

empirical results should not lead to seriously erroneous G estimates. Entries 

5 and 6 correspond to the G estimates for the Al crimes: entry 5 where the 

Rayleigh cur:"e is fit to all ~ crimes (n = 44) and entry 6 where the Rayleigh 

curve is fi.t only to the first 60th percentile of A2 crimes (N = 26). Entries 

7 and 8 correspond to the A2 crimes: entry 7 for all A2 crimes (n = 62), and 

entry 8 fOI'; the first 60th percentile of A2 crimes (n = 37). 

As one notes by studying the G values in column 1 of Exhibit 5.14, the G 

values range from approximately 0.066 cars per 1,000 square feet to 0.0914 cars 

per 1,000 square feet. The independently estimated G values of 0.0841 and 

0.08796 fall in the middle of this range. Column 2 is a shorthand 

depiction of the source of the corresponding G value. Column 3 is the best L 

value that can be found using a least 9:;Iuares criterion for the given G valu~ 

The curve fit is for the entire sample: the top entry corresponds to the PI 

crimes only, whereas the bottom entry, corresponds to the P2 crimes (which 

equal the PI crimes plus robbery and hold-ups). Column 4 yields the 

fundamental quanti ty of interest, namely the probability that a crime will 

occur, given that a crime omx>rtunity has occurred Note that for the G values 

that seem to be most representative, namely those between 0.084 and 0.088, the 
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measure}. Thus, estimating G from the empirical curves tends to give an extra 

degree of freedom to the curve fitting that is not warranted from physical 

considerations. 

Analyses reported already in this chapter have given us indep:ndent means 

for estimating G. For instance, with the SIMBASE simulation model (with the 

station house) the implied G value from the best Rayleigh curve fit was 

0.08796 cars};er 1,000 s;Iuare feet. When analyzing the inde};endently derived 

pseudo-incidents, we adjusted the median of the Rayleigh to equal the median of 

the COF of the pseudo-incident curve, and therel:!{ derived an estimate for G to 

be 0.0841 cars per 1,000 square feet. Finally, as noted in the footnote on 

tage 131, the measured physical density of tatrol cars is 2.,449 cars p:r s;IUare 

mile or about 0.0878 cars };er 1,000 s;Iuare feet. '!bus, the G estimates cErived 

from indep:ndent work are somewhat greater than the 0.06627 value obtained from 

the best G fit over the entire sample of 117 incidents reported earlier. And 

we are aware of no substantial change in the number of FIAm-equipp:d vehicles 

within District 3 during the collection };eriod for the sample of 117 incidents 

versus during the p:riod of the 1,000 pseudo-incidents. rrhus it seems awro­

priate to assume a G value, indep:ndently derived, somewhere between 0.084 and 

0.088. Given a particular G value, one then uses least squares methods to 

determine the best value for L, for both the PI and the P2 property crime 

types. An excellent summary measure to indicate the aggregate degree of 

avoidance l:!{ potential pro};erty criminals is the quantity 

P{C} = L ~ (Iri-G) = the probability than an actual crime will immediately 
result, given that a potential crime occurs. 

The extent to which this quantity is strictly less than one indicates, as 

discussed earlier, the extent of deliberate avoidance of police cars by 

potential criminals. 
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We have summarized our L estimation analysis for the pro};erty crimes in 

Exhibi t 5.14. In the left most column is the estimated value of G that is 

used for the entries in the rorresponding row. As can be seen, the first two G 

entries were obtained from the simulation model (with station house) and the 

Rayleigh model (with median calibrated to that of the P'"'~ucb-incident curve). 

The other six G values were estimated from the sample. The third entry was 

derived from the entire sample (n = 117) and the fourth from the first 60th 

p:rcentil~ Entries 5 through 8 were derived from fitting a Rayleigh curve to 

the various crime categories. '!be thought was that since t.1-}e assaultivecrime 

categories so closely follow the Rayleigh curve, estimating G from these 

empirical results should not lead to seriously erroneous G estimates. Entries 

5 and 6 correspond to the G estimates for the Al crimes: entry 5 where the 

Rayleigh curve is fit to all A2 crimes (n = 44) and entry 6 where the Rayleigh 

curve is fit only to the first 60th p:rcentile of A2 crimes (N = 26). Entries 

7 and 8 correspond to the A2 crimes: entry 7 for all A2 crimes (n = 62), and 

entry 8 for the first 60th percentile of A2 crimes (n = 37). 

As one notes by studying the G values in column 1 of Exhibit 5.14, the G 

values range from approximately 0.066 cars p:r 1,000 s;Iuare feet to 0.0914 cars 

per 1,000 square feet. The independently estimated G values of 0.0841 and 

0.08796 fall in the middle of this rang~ Column 2 is a shorthand 

depiction of the source of the corresponding G value. Column 3 is the best L 

value that can be found using a least s;Iuares criterion for the given G valu~ 

The curve fit is for the entire sample; the top entry corresponds to the PI 

crimes only, whereas the bottom entry corresponds to the P2 crimes (which 

equal the PI crimes plus robbery and hold-ups). Column 4 yields the 

fundamental quantity of interest, namely the probability that a crime will 

ocrur, given that a crime om>rtunity has occurred Note that for the G values 

that seem to be most representative, namely those between 0.084 and 0.088, the 
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Exhibit 5.14 

Probability that a Potential Crime Results in an Actual Crime 

Urrler Alternative Plausible Assumptions Regarding Systan Parameters 

(1) (2) (3) (4) (5) (6) 

pre} = 
pre} =l 

L Best L value L+G 
Obtained Best L Value L+G (1st 60th (1st 60th 

G Value from (100\ sample) (100\ sample) percentile) percentile) 

(1) 0.08796 Simulation model 0.2143 0.7090 0.2251 0.7190 
with station house 0.2240 0.7180 0.2535 0.7424 

(2) 0.0841 Calibration median 0.2564 0.7530 0.2643 0.7586 
of Rayleigh with 0.2728 0.7643 0.3027 0.7826 
median of Pseudo-
Incident curve 

I-' (3) 0.06627 Entire sample 0.9735 0.9363 0.80532 0.9240 
0\ (n=117) 1.34441 0.9530 1.21283 0.9482 
I'V 

(4) 0.06596 1st 60th percentile 1.01243 0.9338 0.82986 0.9264 
(n=70 ) 1.41208 0.9554 1. 2590 0.9502 

(5) 0.08118 All At Crimes 0.29721 0.7855 0.30135 0.7H71i 
(n=44 0.32189 0.7986 0.35157 0.8124 

(6-)"'" 0.09137 1st 60th percentile 0.18455 0.6689 0.1971 0.68324 
of Al Crimes 0.19106 0.6765 0.21922 0.7058 ""',. 
(n=26) 

'" 
'" 

(7) 0.07431 All A~ Crimes 0.45178 0.8588 0.43324 0.8536 
(n=62 0.52549 0.8761 0.54814 0.8806 

jv 

(8) 0.08200 1st 60th percentile 0.28485 0.7765 0.29023 0.7754 
of A2 Crimes 0.3064 0.7889 0.33686 0.8042 
(n=37) 

KEY: Top Entry: PI crimes Ibttan Entry: P2 Crimes: (-p Crirres + robbery - 1 
and oold-up) 
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probability that a p:>tential crime will result in an actual occurrence tends to 

fall between 0.70 and 0.75. 1f this is in fact true. it suggests that 

police presence either deters. defers. or displaces 25-30 percent of prO­

smktive street-visible property crimes that could occur. The last two 

columns corresp:>nd to the p:evious two columns except that the best L value is 

determined ~ fitting the parametric curve only to the first 60th percentile of 

the empircal curve. As can be seen from Exhibit 5.14, there is little policy 

significance in the difference between columns 6 and 4. 

Illustrative graphical interpretat.ions of these results are shown in 

Exhibits 5.15 and 5.16. Each of these figures contains plots of three 

quanti ties: 

1. '!he empirical CD? for distance to the nearest FOlice car for 
PI crimes. 

2. The Rayleigh CDF corresponding to a given (prespecified) G 
value (G=0.08796 for Exhibi t 5.15 and G=0.08ll8 for Exhibit 
5.16). 

3. The best avoidance CDF holding fixed the given G value (and 
letting only the L value vary). 

Even a casual insp!ction of the curves reveals a marked separation between the 

Rayleigh C"indep!ndence") curve and the other two-the empirical curve and the 

best fit to the empirical curve. The separation is given by a shift to the 

right of the Rayleigh curve, a shift that suggests a measurable deliberate 

avoidance of FOlice by prop!r~ criminals • 

'!he above analyses have provided limited statistical su~rt for the 

following hyp:>theses: 

1. Individuals who commit assaultive crimes Cb so with nearly total 
disI'egard for the whereabouts of FOlice J;8trol cars. 

2. Individuals who commit property crimes that are potentially 
visible from the street, do so with at least a limited 
awareness of nearby patrol ('-ars, and tend to commit their crimes 
at a distance further from the cars than could be explained by 
chance alone. 
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In other words, criminals committing assaultive, or nonrational, crimes 

(according to our sample of results) demonstrate no visible mechanism of 

deliberate :police avoidance, whereas those cx:>mmitting property, or rational, 

crimes do demonstrate a limited amount of :police avoidanc~ 

5 .• 4 SCME roLICY IMPLICATIONS 
/ 

'!he p.Ir:pose of this section is to speculate on the :possible :policy signi­

ficance of these results, should they be replicated with a larger sample siz~ 

5.4.1 The "Rational" vs. the "Nonationa1" Criminal 

Our research supports both those who model the criminal offender as a 

"rational decisionmaker" and those who seek other explanations of behavior 

(such as biological16). The rational decisionmaker17 appears as one who 

consciot..lSly minimizes the risk of police apprehension: the nonrational criminal 

1s driven by other factors without regard to the risk of :police apprehensio~ 

'!hose who committed the property crimes in our sample appear to behave somewhat 

more rationally than those who committed the assaultive crimes. However, no 

one individual over his or her criminal career is likely to be associated 

solely with a single crime type--those who commit assaultive crimes oftenwill 

subsequently cx:>mmit property crimes, and vice versa. '!bus, our results, even 

if shown to be true in a larger study, do not allow us to distinguish between 

the individual and the type of crime an individual is cx:>ntemplating, vis-a-vis 

the question of avoidance of POlic~ 

Phillip Cook, in his survey of research on criminal deterrence,18 argues 

l6See for instance, Mednick and Bolakva, PPe 85-158. 

l7See for instance, the seminal p!per by ~ Becker, "Crime and Punishment. 
An Economic Appcoach," Journal of Political Economy 78(1968):526-36. ' 

l8Phillip J. Cook, "Research and Criminal Deterrence: Laying the 
Grotmdwork for thf! Second Decade," in Morris and Tonry, pp. 211-268. 
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for more research regarding tbe :potential criminal's decisionmaking about risks 

of apprehension; 

••• careful descriptive studies and laboratory experiments to 
investigate the way in which individuals aa:;JUire information and 
evaluate opportunities may well yield some insights to criminal 
decisio~king, insights that will help refine the predictions of 
rational choice models and even suggest means of increasing tbe 
effectiveness of the. (criminal justice) system in deterring crime 
(remark in pirentheses added) [po 227]. 

Cook argues that potential criminals should be affected by the "visible 

presence of enforcers." He says, 

The proximity of police emits a potent signal that the 
probability of arrest for a crime committed in the immediate 
vicinity is high. A tx>lice cruiser eliminates driving infractions 
in its immediate area-an effect which is extended by CB radio 
communicatio~ Private guards in stores, airports, and other public 
locations produce an analogous signal for would-be robbers, 
hijackers, and shoplifters [po 223]. 

Cook goes on to raise a number of important issues that are relevant to the 

findings of our own study. He concludes with suggesting a research agenda 

which includes, among otller things, 

Interviews with active and potential criminals to determine what 
sorts of information they regularly ao:;ruire on the effectiveness of 
law enforcement activities. And studies of the criminal's res:ponse 
to specific enviro~~ental cues related to the likelihood of arrest 
and punishment, including visible police patrol, signs posted to 
warn would be violators ("shoplifters will be prosecuted") and so 
forth [Po 2601. 

Undertaking such an agenda, especially if conducted comy;atibly with the type 

of research study re:ported here, should yield important new results which would 

allow refinement of the avoidance hypothesis pro:posed her~ 

5...L.2 Deterrence, Deferrence, and Displacement 

Even if the measured avoidance indicated by our property crime results is 

shown to be valid in a larger study, one is faced with an additional 

complexity regarding potential crimes which do ~ot occur. Does the non­

occurrence of a potential crime imply a net reduction in the overall crime 
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rate, or does it simply mean that the potential criminal has rescheduled his 

criminal act for a later time, or that he has decided to commit his criminal 

act at a different place? A net reduction in crime would correspond to deter­

ren~& whereas a rescheduling is referred to as deferrence and relocation as 

displacement. 

As a visual image, imagine a juvenile walking down the street who I;Bsses 

by an automobile whose owner left the keys in the ignition and the engine 

rmming. 'Ibis situation surely presents a crime opportunity. Suppose that the 

juvenile, upon looking up and down the street, sees a police cruiser two blocks 

away, and because of this decides not to steal the automobile. The juvenile 

may decide to wait nearby until the police cruiser is far from the scene; then, 

if the automobile is still available for easy theft, he may decide to steal it 

at that time. This delay action is deferrence. If, on the other hand, the 

juvenile decides to go to another street where there is no visible police 

presence, and if he finds another target of opportunity, the car stolen on the 

new street would be referred to as a displaced crime. Deterrence only occurs 

if the juvenile does not commit a crime that he otherwise would have committed 

except for the presence of police. 'Ihus, in this example, an auto theft would 

have been deterred by {X)lice presence if the juvenile decided not to steal the 

car in question because of the threat of police apprehension and did not 

shortly thereafter steal another car. 

In our prop:rty crime statistical analyses, we typicall~l' found that 25 to 

30 percent of criminal opportunities did not become actual crimes. (This 

statement tacitly assumes the underlying causal mechanisms generating the model 

are correct.) Even if this figure is true, one does not know at this time what 

fraction corresponds to deterrence, and what fractions correspond to deferrence 

and displacement. rrhat remains a subject for future research. 
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5.4.3 R~tto's Stugy of Residential Burglars 

Thomas Reppetto, in a 1974 study,19 analyzed residential robbery and 

burglary. Particularly important with respect to our preliminary crime 

findings regarding property crimesp are his interviews with residential 

burglars. According to his study, 

Approximately three quarters of the interviewees indicated that they 
engaged in some kind of planning, with the older burglars tending to 
do somewhat more planning and drug addicts and young burglars 
somewhat less. All of the groups were primarily concerned (although 
drug addicts somewhat less ooncerned) with establishing whether or not 
the dwelling was occupied, since they much preferred to hit unoccupied 
residences [page 17]. 

The planning aspect of residential burglary tends to confirm the "rational 

decisionrnaker" version of criminal behavioL Even the rational decisionrnakers 

however, seem to place a low priority on police I;Btrolling as a risk mechanism: 

Few of the interviewees sp:nt time assessing the frequency of police 
patrol, location of entrances or availability of escape routes al­
though, again, the oldest group was most likely to be concerned with 
these matters. Probably as a result of their greater attention to 
planning, the oldest group was most confident about their ability to 
operate in well protected neighborhoods and least likely to be 
deterred by police I;Btrols or burglar alarms [page 18]. 

In Repetto's sample of 1,910 burglaries, only 19 percent of the interviewees 

mentioned "few {X)lice security patrols" as a main reason for their choice of 

neighborhood and house for burglary break-in. Thus, it would app:ar that these 

rational decisionrnakers assess the risk of random police apprehension to be so 

low as to be largely ignored in comparison to other risks, such as the 

occupants of the residence being horne or coming home. Related interview 

stu.dies in Washi.ngton, DeC. and Boston, (where the intervie\'ls were conducted 

d ' 'I l' 20 mostly of burglars and ro~s) suggeste S1m1 ar conc US10ns. 

19T.A. Reppetto, Residl'mtial Crime (Cambridge, MA: Ballinger Publishing 
Compmy, 1974). 

20~H. Goodman, T. Miller, and P. DeForrest, A. study of the Deterrence 
value of Crime Prevention Measures as Perceiyed By Criminal Qffenders. 
(Washington, OC: Bureau of . Social ~esearch~ 1966); an? J~ Conklin Robbery and 
the Criminal Justice Sys~ (Ph1ladelphia: J.B. Lipp1ncott, Ca., 1972). 
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In Reppetto's interviews with 86 convicted burglars, only 14 percent 

indicated t.hat "police security tatrol" would prevent an anticip3ted offense. 

'Ibis 14 peramt is analogous to our estimated quantity, G/(G+~ = probability 

that a potential crime will not become an actual crime. On the other hand, 

these interview results become somewhat ambiguous since 37 percent of the 

interviewees suggest that police security tatrols "might prevent an anticipated 

offense," whereas 49 percent reported that police security patrols would have 

"no effect" on an anticipated crime occurring or not occurring. Thus, of the 

37 percent who said that police security patrols might prevent the offense, 

there is some fraction of anticitated offenses that would probably not occur as 

a result of police presence. 'Ihese figures are oomtatible with our estimates 

of 25 to 30 percent of anticipated street-visible property crimes not 

occurring. One must recognize, however, that Reppetto's results are for a 

different city and specifically for residential burglary, a property crime 

whose visibility from the street is oonsiderably reduced comtared to many other 

types of urban property crimes. 

5.4.4 Random Patrol Models of Crime Interception 

Several police researchers, including Elliot21 and Larson,22 have util­

ized op:rations research models derived primarily from search theory to predict 

the probability that a crime will be intercepted while in progress by a 

patrolling police vehicle. These interception patrol models assume strict 

statistical independence between the location of police patrols and crimes 

''ihile in progress, In the oontext of our hypothesized model, they assume that 

the null hypothesis He is operating. 'Iben, if police p:ltrols occur at a rate n 

21J•F• Elliot, Interception Patrol (Springfield, IL: Charles C Thomas, 
1973). 

22rarson, Urban Police PatrQJ_Malysia, Chapter 4. 
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(patrol passings per hour), and if a crime occurs that is visible to the 

street for a duration T, then the probability that the police car will pass the 

crime during a period of potential visibility is nT.23 This is the 

maximum probability of detection and apprehension of a criminal, maximum 

because sIBce-time ooincidence <bes not guarantee detection. 

Our preliminary results suggest that this random search model is adequate 

for assaultive crimes, but inadequate for property crimes visible from the 

stree~ If in fact property criminals are rational decisionmakers and tend to 

avoid criminality when IBtrol cars are nearl::¥, then the random search theory 

model results represent an upp:.r bound to the true results. 'lhis is somewhat 

shocking since the numerical findings one usually obtains from applying a 

random search theory model suggest that very few property crimes will be 

intercepted by random police p:ltrols (typically 1 or 2 p:r 100). If now, these 

are shown to be upper bounds to the true state of affairs,. the true probability 

of apprehension of a, prop:rty criminal by a p:ltrolling police car is likely to 

be even lower than tr.,;e "l-in-lOO" type calculation that one typically finds 

with random };atrol models. 

Elliot, Larson and others have also suggested applying Koopnan's optimum 

allocation of search efforts fot determining where to place police patrol 

efforts. However, the optimum allocation of effort, .a.k Koopnan, requires the 

independence assumption to hold. If now, one finds that the independence 

assumption no longer holds for property crimes, then one requires the 

construction of an entire new set of optimum };atrol allocation procedures based 

on a more oomplex modeL Clearly, these questions require further research. 

5.4.5 Relationship to the Kansas City Preventive Patrol Experiment 

'!he most famous police p:ltrol experiment that has occurred to date is the 

23ASSuming nT is considerably less than 1. A more complex exponential 
formula applies in general. 
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Kansas City Preventive Patrol Experiment (KCPPE) ,24 which took place over a 12-

month period in 1972 and 1973. The key questions addressed in the KCPPE 

included the effect of various levels of police patrols on crime rates and on 

ci tizen attitudes. 'nlus, in an aggregate Wcr:J the KCPfE researchers focused on 

some of the same issues (and a broader set of issues) as pilot study. 

'Ibe designers and evaluators of the KCPPE concentrated on an area in the 

city with 15 tx>lice beats. Of these beats, five were designated control beats 

in which one patrol vehicle was assigned (as is the usual practice in most u.s. 

police departments) and five pro-active beats in which a second vehicle was 

added to provide extra tx>lice ooverage. In the most oontroversial of the three 

experimental treatments, the last five beats were designated reacti~ beats in 

which the regularly assigned patrol vehicle was removed from patrolling the 

beat; instead, that vehicle was to remain on or near a common boundary with an 

adjacent pro-active beat, in effect adding at least a fractional vehicle to the 

two alreaqy assigned there. Reactive beats were to be entered only when neces­

sary for purposes other than patrol, such as responding to citizen calls for 

police service, delivering warrants, and completing a small fraction of 

tx>lice-initiated activities (such chasing a sJ;:eeding motorist). 

'nle KCPPE researchers fotmd primarily negative results (that is, nearly 

all monitored outcome measures [including crime rates] displayed no significant 

results). If one were to interpret literally the results of the KCPPE to say, 

"criminal activity occurs independently of tx>lice patrolling activity," thetl 

our results for assaul tive crimes wOllld support that conclusion. However, 

because of a number of difficulties with the KCPPE, one is not encouraged to 

interpret the results so strongly. But the measured lack of dependence of 

2~G.L. Kelling, ~t. al., The Kansas City Preventive Patrol Experiment 
(Washington, OC: Pol:l.ce Foundation, 1974). 
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criminal activity on tx>lice patrolling activity qy the KCPPE researchers does 

tend to be supported by our assaultive crime analysis. 

The dependence we have observed for the property crimes, on the other 

hand, would at first glance tend to be in contradiction to the independence 

find~ngs of the KCPPE researchers. However, this interpretation is not neces­

sarily valid because our results are consistent with any mix of deterrence, 

deferrence, and displacement levels that yield the avoidance level measured. 

If, say, 20 J;:ercent of tx>tential crimes are deterred, deferred or displaced, we 

do not know which fraction is in each category. If, say, only 5 percent are 

deterred then the other 15 percent fall into the deferrence or displacement 

category.. '!hese small percentages wi thin a limited sample size as in the KCPPE 

would be extremely difficult to detect. Thus, even a microscopicly strong 

dependence such as we have preliminarily discovered for the property crimes 

does not necessarily reflect itself in a strong macrosropic dependence of 

the type the KCPPE researchers attempted to measure or refute. Clearly, 

addi tional work is required on linking the microsropic behaviors reflected qy 

our research with the macroscopic studies illustrated by the KCPP~ In 

J;iIysics, there is an analogy here to statistical mechanics (the study of indi­

vidual particles and their interactions) and classical thermodynamics (the 

macroscopic behavior of gasses as reflected by their pressure, temperature, 

etc.) • 

5,5 PESIGNOO A WRE J)ETAIT,m TEST 

The results reported here, while detailed and somewhat extensive, have 

been limited by small sample size and rudimentary experimental technology 

available to the researchers. A much more comprehensive study using AVM 

technology rould be undertaken if a 24-hour playback capabilit:Y were available. 

By this we mean a technological catability which would allow the researchers to 
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play back, on a city-wide basis, the locations and movements of all police 

cars during the previous 24-hour {:eriod. '!be manufacturers of the AVM system 

in st. Uluis had proIX'sed such a playback ca};Bbility in their initial system 

design over ten years ago. However, due to escalating costs and diminished 

funding resources, this capability was discarded from the final design 

specifications. In St. Louis, the 24-hour playback capability was to be 

derived py using a redundant duplex computer which sits idle the majority of 

the time. One would read in (via computer tape) the previous day's raw data 

from the radio transmission lines into the second computer, therepy simulating 

a real-time input to the second computer. In fact, in the original system 

design, it would have been possible to play back patrol movements up to ten 

times normal speed, thereby facilitating the researcher's tasks. However, 

since no such comprehensive playback capability existed for PSE researchers in 

st. Louis, we were forced to resort to manual monitoring with standard home 

videotape recording equipment. This limi tation forced us to settle for the 

small sample size of 117 verified incident~ 

If a more comprehensive playback capability were available, one could 

obtain a significantly larger sample size and ask a wide range of statistical 

questions wi thin reasonable mst boun~ Instead of examining the question of 

deI.=endence or inde{:endence on one variable, namely distance from the crime to 

the closest police car, one would design the experiment with a vector of 

variable~ '!be elements of the vector might include: 

1. Distance to the closest car. 25 

2. Distances to the semnd, third and additional closest cars.25 

3. A flag variable indicating whether or not the closest car is 
visible from the crime scene. 

25we have these available for our sample of 117. 
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4. 

5. 

The elapsed time between the time of last passing of a 
patrol car at the scene of the crime and the time of a crime. 

A flag variable indicating whether or not the car assigned to 
the patrol area of the crime is busy or available at the time 
of the crime. 

6. The average empirically measured patrol frequency past the 
crime scene during the previous 24 hour~ 

Each of the elements of a such a vector of variables muld be relatively easily 

obtained py an analyst reviewing the previous 24-hour's operations for verified 

crime incidents only. '!bus, for instance, if it was found that an armed robbery 

occurred at a particular corner at 9:12 pm of the previous evening, then the 

researdler muld run the ta{:e for the 24-hour ~riod that ends at 9:12 pn of 

the previous evening, focusing exclusively on the corner at which the crime 

occurred. Numerical values for each of these indicated variables above muld 

be read off in, say, two to three hours of monitoring with the playback 

capability. If the previous 24-hour's patrol frequency were not required, the 

analyst could probably get the first five variables cited above in 

approximately one half hour. In fact, it is not difficult to imagine that 

many, if not most of the variables cited above could be automatically obtained 

py s~c.:ially-written mmp.Iter IXogram~ 
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BASIC ORGANIZATIONAL STRUCTURE OF THE DISTRICT PATROL PLAN 

A. Platoon Organization. Each district will be organized according to the following platoon, 
structure: 

1. Separate "A" and "B" Platoons which will rotate every three weeks between the 
Day and Afternoon Watches. 

2. A "C" Platoon whk":: will consist of officers working a permanent Night Watch. 

3. Separate "N" and "P" Platoons which will rotate every three weeks between 
watches extending from 10 A.M. to 6 P.M. and 6 P.M. to 2 A.M. 

NOTE: The "N" and "P" Platoons will have their own precinct sergeants, who will 
work the same duty hours as their men. 

4. A "Q" Platoon which will consist of officers working a permanent 6 P.M. to 2 
A.M. Watch (except in the Fourth District). 

NOTE: For administrative purposes, the "Q" Platoon officers will be assigned to the 
Overlay Watch Relief sergeant. For supervision purposes, they will be responsible 
to the on~t.!ty Overlay Watch sergeant. 

5. A "0" Platoon which will contain administrative and support positions authorized 
by the Chief of Police. 

NOTE: A limited number of officers designated as 'discretionary manpower' will be 
authorized under the "0" Platoon in each district. The District Commander may, 
at his discretion, utilize such officers for (1) mOLOrized direct~d patrol; or (2) 
footbeat duty. 

B. District Manninll Tables. District Manning Tables will be periodically published by the 
Chief of Police reflecting the number of men authorized in each district by ~.Iatoon and 
assignment. 

ASSIGNMENT OF MEN TO WATC.HES. 

A. Assi nment of Officers to Administrative and Support Positions. The District 
Commander will assign 0 ficers to the ,01 oWing a mlnlstratlve an support positions 
within his district: 

Captain's Aide 
Property /Warrant Officer 
Tri-Car Duty 
Discretionary manpower 

B. Assignment of Officers to Rotating/Fixed Watches 

1. Selection of Watches 
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a. Officers will choose among the following work schedules on a seniority basis: 

(1) Rotation between Day and Afternoon Watches every three weeks. 
(2) Rotation between 10 AM-6 PM and 6 PM-2 AM Watches every three 

weeks. 
(3) Fixed 6 PM-2AM Watch. 
(4) Fixed 11 PM-7 AM Watch. 

b. Commissioned officers assigned to the police districts will re·select their work 
schedules on or about October 1 of each year, prior to the selection of their 
vacation periods for the following year. 

Selection by Seniority 

1. General Information. In determining seniority for work schedule selection purposes, 
preference will be given within each rank by seniority of service in that rank. 
EXCEPTION: Officers in the rank of 'police officer', 'probationary police officer' 
and 'turnkey' will be considered of the same rank for senio'rity purposes. Seniority 
will be based on the date of commissioned appointment, corrected, if applicable, 
for periods of breaks in commissioned service. 

2. Military Reinstatem~nt. In determining seniority for work schedule selection 
purposes, the officer's original commissioned appointment date will be used. The 
time absent for military duty will not be deducted. NOTE: To qualify as a military 

reinstatee, the employee must have been employed by th~ Department immediately 
prior to his entry on active IIlliitary duty, and must have returned to the Department 
within 90 days of honorable discharge or separation from active military service. 

3. Determining Seniority When Officers Have Equal Time in Rank. In the event two 
officers of the same rank have equal time in that rank, the officer with the longer 
length of total service as a St. Louis commissioned officer will receive preference. 
In the event two offi<;crs of the same rank have equal time as St.Louis 
commissioned officers, the officer with the longer length of previous civilian service 
within the Department (if applicable) will receive preference. In"the event two 
officers of the same rank have exactly equal time as Department employees, the 
unit will devise a method of selection agreeable to the officers involved. 

D. Assignment to a Platoon 

1. After an officer has made his work schedule selection, assignment to a specific 
platoon ("A" or "S", "N" or "P", as appropriate), wi, I be at the discretion of the 
District Commander. 

2. Insofar as practicable, an equal number of officers will be assigned to the "A" 
and "S" Platoons. In addition, an equal number of officers will be assigned to the 
"N" and "P" Platoons. In the assignment of men to recreation brackets, an equal 
number of men will be assigned to each bracket, insofar as possible. 
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E. Platoon Ass;inment When Transferred loro a District If an officer is transferred from 
one district to another, or from another unit to a district, assignment to a watch or 
platoon will be at the discretion of the district commander. The transferred officer will 
have to await the annual re-selection of work schedules before using ser.iority to obtain 
his work schedule preference. 

F. Deployment of Overlay Watch Manpower ("N" and "P" Platoons) 

1. Rotation Schedule. The "N" and "P" Platoons will rotate every three weeks in 
conjunction with the "A" and "B" Platoons according to the following schedule: 

2. 

Platoon on 
7 AM-3 PM Watch 

A 
B 

Platoon on 
10 AM-6 PM Watch 

N 
P 

Platoon on Platoon on 
3 PM-l1 PM Watch 6 PM-2 AM Watch 

B 
A 

P 
N 

Assignment of Overlay Watch Sergeants, Officers 

a. All Districts Except Third 

(1) One Overlay Watch sergeant will be assigned to both the "N" and "P" 
Platoons, and one sergeant assigned as the Relief Overlay Watch sergeant. 
When either the "N" Or' "p" Platoon sergeant is off-duty, the Relief 
Overlay Watch sergeant ...... 11 assume the responsibilities of th~ oif-duty 
sergeant. 

(2) The "N" Platoon sergeant will be assigned to Bracket 1 of his Platoon's 
schedule, while the "P" Platoon sergeant will be assigned to Bracket 2 
of his Platoon's schedule. The Relief Overlay Watch sergeant will be 
assigned to Bracket 3 of either schedule, and he will alternate between 
the two Ov::rlay Watches during the course of the Watch. 

b. Third District 

(1) Three Overlay Watch sergeants will be assigned to both the "N" and 
"P" Platoons, with one sergeant on each Platoon serving as a Relief 
Sergeant. 

(2) All Overlay Watch officers will work the same duty schedule as their 
sergeant (Le., Bracket 1 sergeant to supervise officers assigned to Brackets 
1-4, etc.). The Relief Overlay Watch sergeants will have men assigned 
directly under their supervision, 

G. Temporary Reassignment to Another Platoon 

As circumstances necessitate, e.g., extended sick leave, detachments, or suspt!nsions, 
the district commander may temporarily reassign officer(s) from their current platoon 
to another. 

III. VACATION AND RECREATION PROCEDURES 

A. Recreation schedules for district officers assigned to the A, B, C, Nand P Platoons 
will be prepared annually by the Planning Stction. 
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B'. Recreation schedules for officers assigned to the "Q" Platoon and to discretionary 
duties will be determined by the district commander, based on the needs of his district, 
with considerition given to the preferences of the involved officers. The following 
options are open to the Commander: 

(1) Use one of the sample schedules prepared by the Planning Section, which provide 
for an increased number of officers to be off on Sundays; or 

(2) Use one of the schedules for the A-N, B-P or C Platoons. 

NOTE: When the needs of the individual districts arise, ttie district commander 
may re-schedule the recreation days of the discretionary manpower. 

C. The district commander may temporarily change an officer's recreation bracket. An 
officer's assigned recreation bracket. can be changed permanently only with the approval 
of the area commander. 

D. Other procedures relating to the scheduling of vacations and recreation days are 
contained in the Sp!!cial Order entitled "Watch Rotation, Recreation, Vacation and 
Related Procedures." 

IV. CAR BEAT OPERATION 

A. General Information 

i. There will be two separate car beat maps for each district: (1) a high-car map which 
will be in effect from lOAM to 2 AM and (2) a low-car map which will be in 
operation from 2 AM to lOAM. 

2. The number of car beats authorized in the various districts will be determined by . 
the Chief of Police. 

3. Car beats will be periodically reviewed by the Planning and Development Division 
to determine if there is approximately equal workload between the various car beats. 

B. Operational Procedures 

1. Change in Car Beat Maps. 

a_ At 10 AM daily, each district will change from t,e low- to the high-car map. 
The number of precincts will be increased (usually from two to three), with a 
change in the boundaries of the car beat areas. Overlay Watch officers 
beginning duty at lOAM will be assigned to independent patrol units, and 
will work under their own sergeants. 

b, At 2 AM each day, each district will revert from the high-car to the low-car 
map. 

2. Notifying Communications Division of Cars to be In-Service 

Prior to the start of each watch at 7 AM, lOAM, 3 PM, 6 PM, and 11 PM, each 
district watch commander will arrange for the preparation by district personnel 
of a District Patrol Unit Availability Work Sheet, MPD Form OPP-29, to reflect 
the patrol units and beats that will be in service during the coming watch, and 
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whether the units will be one or two-man operations. The work sheet information 
will be sent viii computer mesSilge to the Communications Division. If there is a 
change in the patrol unit/beat information originally submitted, the watch 
commander will insure that the Communications Division is notified by phone 
and/or radio_ 

~ The Communications Division will incorporate the information concerning 
patrol unit availability received via computer mesSilge from the districts on MPD 
Form GEN-146. "Service Unit Manpower Allocation." A copy of Form GEN-146 
will then be forwarded daily to the Bureau of Field Operations and the Planning 
Section_ 

3_ Roll Call Procedures for Officers Starting Duty at lOAM and 6 PM 

a_ The Day Watch Commander will insure that officers beginning duty at lOAM 
receive the same information as the officers attending the 7 AM roll call, in 
addition to any new information received since that time. Likewise, the 
Afternoon Watch Commander will insure that officers beginning duty at 
6 PM receive the same information as the officers attending the 3 PM roll call, 
plus any new information received since that time. NOTE: Televised roll calls 
will be held at lOAM and 6 PM. 

b. Officers beginning duty at 10 AM and 6 PM will notify the dispatcher via 
FLAI R code as soon as they are in service and whether their unit is a one or 
two-man car. In addition, officers deadheading their vehicles upon going 
off duty at 2 AM will notify the dispatcher via FLAI R code. NOTE: If the 
FLAI R system is not operating, the notifications will be made via radio. 

DIRECTED PATROL OPERATION 

A. To aid the District Commander in deploying manpower to specific problem areas, he 
may, at his discretion, remove up to two area patrol cars from radio control and assign 
them to a specific area. 

B. The responsibility for the vacated area(s) will be assumed by an adjacent radio car(s), 
as designated by the Watch Commander, until such time as the vriginal car(s) return 
to normal patrol. In addition, the cars utilized in the 'directed patrol' program will be 
available for radio assignments when (1) all other district cars are out-of-servicej and 
(2) as designated by the Watch Commander (e.g., the Watch Commander can designate 
thilt the 'directed patrol' cars are available to handle any directed incident call, just 
Priority I calis, etc.). 

NOTE: When utilizing the 'directed patrol' operation, the Watch Commander will arrange 
for the sending of a computer message to the Communications Division advising of any 
changes in car beat responsibility, and which radio assignments can be handled by the 
'directed patrol' units. 

VI. PATROL-WITH-A-PURPOSE OPERATION 

A. General Information. All patrol car officers assigned to the Night Watch will participate 
in the "Patrol-with-a-purpose" Program during the hours from 11 PM to 7 AM. 

B. Operating Procedures 
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The work schedule for tri-car officers will be prepared at the discretion of the 
district commander. The commander may schedule all of his tri-car officers to be 
off-duty on a particular day (such as Sunday) if he feels that there is a limited need 
for such officers on that day. 

3. The tii-car officers will be assigned to the "0" Platoonj however; the commander 
will assign the tri-car officers under the supervision of a regular sergeant_ 

C. Tactical Deoloyment of Tri~r Officers 

1. District tri<ar officers will be assigned to patrol those areas selected by the district 
commander, who will examine the latest statistical information concerning the crime 
situation before making that decision. The watch commander will insure that such 
patrol area informiition is (1) included on the District Patrol Unit Availability 
Work Sheet, MPD Form OPP-29; lr.d (2) reported to the Communications Division 
prior to the start of each watch. 

2_ A discretionary officer utilized as a footbeat officer may be assigned to patrol his 
area or. the extra tri-car available in each district, so long as he is tri<ar qualified. 

IX. ASSIGNMENT OF MUNICIPAL COURT TRIAL DATES 

A. The Court Liaison Office will assign Municipal Court trial dates according to the 
following schedule, whenever possible: 

Platoon(sL 
A,B 
N,P 
C 

Q 

Times for Trial Sessions 
1 PM and 2 PM (when on 7 AM - 3 PM Watch) 
1 PM and 2 PM (When on 10 AM - 6 PM Watch) 
8AM 
4 PM 

B. The duty hours of an office1' scheduled to appear at a court session which begins two 
hours or less prior to the start of his regular tour of duty will be changed by the 
commander to permit on -duty court appearance, whenever possible (see Section VI 
of Special Order entitled "Commissioned and Civilian Overtime, Court Time and Shift 
Differential Policy and Procedures" for add itional details. 
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METROPOLITAN POLICE DEPARTMENT - CiTY Of ST. lOUIS 

1~82 District Recreation Schedule 
C PLATOON 

NIGHT NIGHT 

Period I Period 2 
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SUMMARY REPORT START 

DAILY SUMMARY REPORT 
PART r 

DATES: 03/14881 TO 03/14881 
REPORT INTERVAL: 15: 0 HR~ TO 23: 0 HRS. 

CONSOLE ASSIGNMENT 8Y DISTRICT 
TIME DISTRICT 1 2 3 4 5 6 

CONSOLE 
16: t1 71 1 4 

EMERGENCY TRANSMISSIONS 

7 .-, .;:. 9 

4 5 

TIt'1E CALL NQ X-LOCATION (FEET) Y-LOCATION (FEET) 22:46 

~-

-"....-' 

---~ 

... 

I t·mE::·:; COUtH 
1 11 
2 29 

4 
5 
6 
7 
::: 
9 

1~) 

13: 
14 
15 
16 
17 

19 

21 
22 

24 
25 

43: 

3: 
16 

t1 
17 

:2 
26 
51 
2~) 

"" '-' 
21 

9 
27 
26 

1 
19 
55 
17 .-.,-",.:1:. 

15 

.-, .-
':::''=1 

27 .-.,-, .:::..:t 
29 
3:0 

3:::-

4~~1 

41 
42 
43 
44 
45 
46 
47 
4E: 
49 
5~1 

J~~1434. 

AUTOMATIC INITIALIZATIONS 
COUNT INDEX COUNT INDEX 

19 51 31 76 
75 52 14 77 

5 
29 
:1.:1. 
54 
4t1 
::::1 
22 

6 
5 

5 

53 
54 
55 
56 
57 
5E: 

64 
65 
66 
67 
6::: 
69 
7f.1 
7:1. 
72 
73: 
74 
75 

II-l 

,-, .:-
15 
:1.1 

8 
:1.4 
:1.4 

8 
42 
_.6 
:1.1 

69 

7 
5 
:1. 
:1. 
7 

79 
80 
8:1. 
82 

84 
:::5 

90 
9:1. 
92 
93: 
94 
95 
96 
97 
9::: 
99 

:1.0~1 

:1.1:1.23. 

COUNT 

5 
24 
:1.:1. 
:1.~1 

26 
:15 

1. 
5 

31 
2:3 .. 

:1..,,:, ~ 
29 

5 
o 
~!1 

E: 
30 
26 

I NDE>:: COUNT 
:1.~1:1. 23 
:1.02 ~3 
:1.0::::~ 

:1.04 
:1.~15 

:1.f.16 
107 
:1.~!1::: 

:1.89 
1:1.0 
:1.:1.3: 
:1.:1.4 
:1.:1.5 
:1.:1.6 
:1.:1.7 
1.:1.8 
:1.:1.9 
:1. 2 f.1 
:1.2:1. 
122 

:1.24 
:1.25 



as 4) 4$ • 

I DAILY SUMMARY REPORT (CONT~D) 
PART III 

DAlLY ACTIVITY REPORT 
DATES: e3/1488~ TO 03/14881 

REPORT INTERVAL: 15: 121 HRS. TO 23: 0 HRS. 
DISTRICT 1 2 3 4 5 6 7 8 9 TOTAL -----------------------------------------,------------------------------1. TOTAL DIGITAL 

CODES: 315 331 756 337 473 426 232 389 40:1 3660 

2. SPECIAL DIGITAL 
CODE NO. :1 0:: 7(1 ::. 

3. SPECIAL DIGITAL 
CODE NO. 2 (67 ) 

4. [) I SPLA'T' E' .... ENT 
A. INITIA. 

(DISPATCHER ASSIST) 
E:. CLEAF.: STATUS 
C. ASSIGN 
D CURSOR MAP CHANGE 

0:: 8'T' COt'60LE) 
E. LOCATE CAF.· 
F. CHANGE MAP SCALE 

0:' 8'T' cm'60LE ::. 
G. VERIFY REQUESTS 

5. NC!. elF CARS 
TN S'T'STEt'1 

,::; TOTAL t'1 I LEAGE 
FOF.: ALL CAF.:S 

7. AVG. MILEAGE/CAR 
::::. SELF-
INITIAL. 
'3 5 I CiNF'OST -
HJITIAL. 

:1:~ :18 2:1 

6 7 :1(1 

45 4:1 44 
:2 ~~1 5 

58 47 3:1. 

46- 1.42 
6 :1:1 

6 4 7 
1.1. 12 25 

:16 

23 

27 
4 

5:1 
121 

:14 
:13 

:15 1.7 1.~1 

:1. 4 :1 

:1.5 29 9 

50 :1.09 :1.9 
:1. 4 :13 

3:5 27 2 

7 

7 
1.0 

52 

:19 
:14 

72 
2 

8 
1.6 

1 

6 

2121 

5 
1.:1 

498. 457. :1093. 433. 3:96. 643:. 607. 388. 

45. 
1 

3:::. 44. 
o ~1 

33. 
o 

40. 
o 

46. 
121 

3:8. 
2 

35. 

:12 :148 

3 20 

2:1 126 

43 475 
o 29 

232 

:1.3 
1.4 

494. 

35. 
121 

482 
4:1. 

83 
127 

142 151. 383 296 1.62 21.7 204 1.92 142 1.889 

I:.-.. " 

- .. -. ~,..::;~yn 

~i<ft.,,"" 

~,., 

:1. 

:;:'. 
J:. 
4. 

R 
~, .. ' 

NC!. 
"1 

1 .::. 
4 

7 

:10 
1:1 
12 
1::::~ 

14 
:'1.5 
:16 
17 
1E: 
:1.9 
:::'~1 

SUMMARY REPORT (CONT~D) 
PAF.:T I ' .. ,' 

DAIL'T' 
[:'FtTES: 

REPnRT INT~RVAL: 

REPORT CAR PERFORMANCE 
03/14881 TO 03/1.4881. 
15: 0 HRS. TO 23: 121 HRS. 

*******::+:******* 
************************** 
"F'~'rll~;RAt'1" (A'\"Ci. ,····CAF.:) : 

A',"'Ci " t'1 I LES ,.... ',.,'EF.: I Fir' FLAG": 
AVO. MILE/INITIAL. 
LIST OF 2121 MOST. ACTIVE CARS 

F.:E.JECTED [)ATA 
AUTOIP PROGRAM 

FI RTR FLAIR 
tKI. 
1:1.73: 
'1 ~7H:;'7;: 

:1~375 

:1[174 
:t~7141 

:1 ~717f1 
:1 rl97 
1(144 
:1:123: 
:1 ~::1:::6 
1[194 
1~:126 

:1:13:::: 
:1[157 
:1f143: 
:11(,12 
:11::::1 
1 [19::l 
'1:'1.26 

r:OUtH 
57 
.:17 

-::'''"::' -' , 

27 

26 
26 
26 
'-,e"' .::,._1 

24 
24 
:;:'4 
24 

NO. 
,1134 

'1 ~71'::;":; 

1175 
1(163: 
:1[186 
1:1.65 
:1127 
:114~~1 
11~~1[1 

1~369 
1(164 
1113: 
112:1 
1:11217 
1~3:1 7 
1065 
1(174 
1~:175 
:1~~11t1 

FLA I F.: 
COUNT NO. 
2~3E: 1165 
'1 :=:;;, 1 ~1'=O 

73: :1:17::: 
67 1:113: . 
66 1:1:=:(1 
56 :1~~197 
54 112:::: 
5(1 :112157 

49 111~) 

49 1121 
41 1~)69 

41 1157 
::::q 1145 
::::::7 1172 
36 :1:127 
::~6 11Z194 
35 :1159 

1I-3 

COUNT 
5 
.::1 

4 
4 
-::. 
-' .-, .::. 
:2 
2 
2 
2 
2 
2 
2 .-, .::. 
2 
2 .-. .::. 
2 
1 

. 64(~ 
15. 3:78 
22. 969 
61.. ~3:::4 

41Z1. 394 

(:0 I SF'ATCHEF.: 
INITIAL 

FLAIR 

1165 
'1 C'1~:::' 

1:1. 7::: 
11ft( 
11.13: 
1(169 
11(1::: 
:1~:1:::5 

1:1((:::~ 

1157 
111(1 
1.:146 

1.159 
1:1(15 
1161 
11.55 
11.6~~1 

:tf197 

COUNT 

5 

5 
5 
4 

3: -. ..::. 

2 
2 
2 
2 
? 

1.;, , 



~ PER CAR DATA HISTORY 
FLA I R CALL N I LFAGF. F.:E.JECTED ()ATA VEF.: I Fir' 
NO. NO AUTOIP PROGRAN FLAGS 
j00~ ~06 39. 2 ~8 25 121 

j0A~ ~~j 47. 9 ~e 2~ 121 
::t.~1~{::: 1~:':: 54. 5 ~::: ~6 121 
101214 ~22 14. 3 0 ::: 0 
1~~6 123 44. 7 ~0 8 ~ 
112107 ~24 49. 9 ~0 ~5 ~ 
1AA8 125 62. 9 20 2~ 121 
1009 126 59 ~ 20 7 121 
10~0 127 ~0. 1 ~6 33 1 
1012 ~29 26. ~ 10 ~e ~ 

i0~7 206 72. ~ 20 ~7 0 
~B~8 2~~ ~4. 7 0 2 121 
~6~9 2~2 ~8. 6 6 5 ·121 
~02B 22~ 5~. ~ 7 ~~ ~ 
~023 224 42. 7 ~8 7 121 
~024 225 25. 0 8 13 1 
~~325 

:1026 
:1~327 

:1.02:=: 
112129 
~031!:1 
~e34 
~(136 

:1~337 
~1~)3:8 

:1639 
~(14~ 

:1(143: 
:112144 
:1.(145 
~~346 

:1t147 
:11!:14::: 
:1~Z149 

:1~:15"-::1 

1 ~15:l 
j~1~2 

1J7153 
1~::155 

~056 
:1(157 
~~)58 

~059 
'1 L':'j':=:V1 

:11219:1 
:1~Z192 

~t193 

~094 
1097 
:11219::: 

226 
,-,.-,--=, 
c:.c:.r 

229 

121* 
:H::L 
3:13 

3:i5 
3:2:1 
3:23: 

3:27 
3:2::: 

33121 
J::]:1 

3:3:7 
3:3:5 
3:42 

3:24 
-:;'4'1 

529 
527 
526 
52:;: 
61216 
6~~ 

43:.4 
55. 6 
35. 6 
3:9. 5 
5~1. 7 

7. 5 
52. 6 
ii. 7 

6. 2 
57. 0 

63:.~ 7 

3::1.. 5 
3:2. ~ 
6~j. :=: 
56. 5 
55. Z( 
56. ~ -
73:.3: 

4:1 ... (; 
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Public Systems Evaluation, Inc. 

To the Police Officers of St. Louis: 

Public Systems Evaluation, Inc. (PSE) is a not-for-profit 
organization that conducts research in various areas of law 
enforcement. We are currently working with your department under 
the terms of a federal grant to examine various aspects of police 
preventive patrol. In this regard, we would be most appreciative 
if you would take the time to answer the questions in the enclosed 
questionnaire. As you will notice, there is no place for you to 
write your name. We are interested in your opinions about a num­
ber of items and issues; we are not interested in knowing which 
officer said what. No one will see these questionnaires except 
employees of PSE, and any results of the questionnaires will be 
in statistical form. We estimate that the questionnaire will take 
about 30 minutes to complete. 

As you will see, the questions ask 
opinions in a number of different ways. 
items on a scale of 0 to 10, others ask 
disagree with statements and others ask 
something might occur. If you have any 
contact us. 

that you express your 
Some ask that you rate 

how strongly you agree or 
for how often you feel 
problems, feel free to 

Thank you in advance for sharing' your 'opinions with us. 

Sincerely yours, 

PUBLIC SYSTEMS EVALUATION, INC. 

~,-~L,-'--L" (' LCl_ L~"- .. ____ ... 

Richard C. Larson 
President 

~~+:eC(~ 
t!~o~n F. Runcie 

Project Manager 

III-l 

929 Massachusetts Avenue, Cambridge, Massachusetts 02139 617{547-7620 
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Public Systems Evaluation, Inc. 

ST. LOUIS HETROPOLITAN POLICE DEPARTI1I:NT nUESTIONr;AIRE 

1. How do you think the FLAIR system has affected the department's overall performance? 
Improved No effect Worsened __ _ 

2. Overall, how has FLAIR's performance compared with your early expectations: 
Better than expected About what I expected ______ _ 
Not as good as I expected __ _ 

3. How do you think FLAIR has affected your ability to do your job? Has it: 
Helped you Hade no difference Made it harder __ _ 

4. How does the FLAIR system affect the way you feel about your job? 
~lore satisfying No difference Less satisfying 

5. What effect has FLAIR had on the following aspects of police operations~ Please 
be certa into answer a 11 parts, A - D. 

A. Keeping track of the patrol 
force 

B. Handling extraordinary 
event~, like pursuits 

C. Effective resource 
all ocati on 

D. Efficient use of available 
patrol time (for example, 
bunching up) 

PSE/SL-2 
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6. As a result of FLAIR, how do you think your task as a patrolman has been altered 
in each of the following areas? Please be certain to answer all parts, A-D. 

A. Preventive patrol miles 
traveled 

B. Flexibility to follow 
individual hunches 

C. Coordinated operations with 
fellow officers 

D. Other (please be specific) 

Increased 
Stayed 

the same 

7. To wnat extent do you think that new tecnnologies are a good idea for a police 
department? Indicate your answer on the scale below from 1 - 7 by putting a 
checkmarK above the number that best describes your opinion. 

Very Good 
Idea 

2 3 4 5 7 
Very Bad 

Idea 

8. To what extent do you think that new proce~ are a good idea for a pol ice 
department? Indicate your answer on the scale below from 1 - 7 by putting a 
checkmark above the number that best describes your opinion. 

1 
Very Good 

Idea 

2 3 4 5 6 7 
Very Bad 

Idea 

~. In designing and operating the FLAIR system, do you think the suggestions of 
patrol officers were seriously considered? 

Yes No ---
10. In general. do you think it is a good idea or not a good idea to have the FLAIR 

system in St. Louis? 

Good idea --- Bad idea ___ _ 

PSE/SL-2 
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11. Please evaluate how FLAIR has affected the department's performance in each of 
the following areas. Please be certain to answer all parts, A-G. 

12. 

A. Reducing response time 

B. Officer safety 

C. Departmental disciplinary 
procedures 

D. Dispatch operations 

E. Increasing radio access 

F. Reducing frequency congestion 

G. Command and control 

H. Other (please be specific) 

Improved No effect Worsened 

If you had the chance would you change the kind of police work you do? 
Yes No ___ _ 

A. If you said Yes, what kind of pol-ice work would you like to do? 

13. If you could change one thing in your present job to make your work life better, 
what would it be? ________________________ _ 

14. Please evaluate the effectiveness of preventive patrol in terms of each of the 
following issues. For our purposes, \~hen we say preventive patrol we ~an the 
physical presence of officers in an area where the officers are unpredlctab1y 
visible due to their movements and their actions. 

A. Preventing crimes 

B. Deterring crimes 

C. Increasing pol ice visibil1ty 
in the street 

Very N,)t very No 
effective Effective effective opinion 

PSE/SL-2 
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15. Please evaluate the effectiveness of directed patrol in terms of each of the 
following issues. For our purposes, when we say directed patrol, we mean the 
use of crime analysis data to locate specific kinds of crimes and the deliberate 
allocation of patrol efforts based on this data. 

16. 

17. 

A. Preventing crimes 

B. Deterring ctimes 

C. Increasing police visibility 
in the street 

~ry ~t"ry ~ 
effective Effective effective opinion 

Should the police department alter the present mix of civilian and sworn 
personnel? 

Yes ___ _ No ___ _ 

A. If you said Yes, should they; 

1. Add more civilian employees 

2. Add more Sworn employees 

3. Add more of both 

4. Decrease the number of civilian employees 

5. Decrease the number of sworn employees 

6. Decrease both groups 

7. Change nothing 

Do civilian employees affect the quality of the delivery of police services 
in the community? 

Yes __ _ No ___ _ 

A. If you said Yes, do they; 

1. Improve the quality of the delivery 

2. Decrease the quality of the delivery 
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18. Please consider the following list of tactics in terms of how effective each would be 
in preventive patrol (as we defined it in item 14 above). For eac~ tactic, pu~ a 
check mark in the box that represents how you feel. For each tact1c, tell us 1f you 
think it is Very Effective, Somewhat Effective, Somewhat Ineffective, Very Ineffective, 
or you are Uncertain how you feel. 
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Aggressive checking of doors and windows 
Questioning of suspicious persons 
Splitting the force into a force only answering 
calls for service and a force only doing patrol 
Delaying response to low priority calls for service 

Surveillance 
Stake-out 
Marked cars 
Slow speed patrol 

• One officer cars 
Off-duty use of patrol cars 

• Civilians to handle noncritical calls for service 

Foot patrol 
Quicker response time 

• Knowing the whereabouts of formerly convicted 
offenders in the community 
Knowing the leaders of youth gangs in the community 
Having one or more patrol cars deliberatel~ follow 
a lead car (with one or two blocks se~arat1~g theml 
so that criminals could not predict t1mes aT relat1ve 
safety to commit crimes 

• Knowing the modus operandi of recently committed crimes 

Saturation patrol 
Unmarked cars 

• High speed patrol 
• Two officer cars 

District meetings to discuss critical police issues 
among officers 
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19. Please consider the f0110wing list of tactics in terms of how effective each would be 
in di~ected patrol (as we defined it in item 15 above).. For each tactic, put a check 
~ar~ 1n the box t~at represents how y?U feel. For each tactic, tell us if you think 
1t 1S Very Effect1v~. Somewhat Effectlve. Somewhat Ineffective. Very Ineffective, or 
you are Uncertain how you feel. 

cu 
> cu cu -> .... > ........ .... "'- "'U .... .c .... .ccu 

u 3: <J 3: .... >,cu cu <II cu .... s.. .... E~ 5~ cu .... 0 .... 
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Aggressive checking of joors and windows 
• Quest~v~ing of suspicious persons 

Splitting the force into a force only answering 
calls for service and a force only doing patrol 

• Delaying response to low priority calls for service 
Surveillance 
Stake-out 
~larked cars 
Slow speed patrol 

• One officer cars 
• Off-duty use of patrol cars 

Civilians to handle noncritical calls for service 
• Foot patrol 
• Quicker response time 

Knowing the whereabouts of formerly convicted 
offenders in the community 

• Knowing the leaders of youth gangs in the community 
Having one or more patrol c~rs deliberately follow 
a lead car (with one or two blocks separating them) 
so that criminals could not predict times of relative 
safety to commit crimes 

• Knowing the modus operandi of recently committed crimes 
• Saturation patrol 
• Unmarked cars 
• High speed patrol 
• Two officer cars 

• District meetings to discuss critical police issues 
among officers 
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20. Who decides where you patrol within the district? 

Yourself Sergeant Lieutenant 
Captain ICAP A combination of the above ___ _ 
Other (please specify) 

21. Who decides what pattern your patrol takes within the district? 
Yoursel f ___ _ Sergeant ___ _ Lieutenant 
Captain 
Other (please specify) ________________ _ 

rCAP A combination of the above ___ _ 

22. Are crime statistics used to help you improve the effectiveness of your patrol? 
Yes No ___ _ 

A. If you said Yes,. how are they used? Please be certain to check all that 
apply. 

At roll call 

By individual notification 

By your sergeant 

On the street 

Some other (please be specific) ____________ _ 

23. Overall. how do you tnink the use of crime statistics to pOSition or direct patrol 
would affect your job? Would it: 

Improve your job 

Make no difference in your job 

Worsen your job 

24. In your opinion. what is the best way to improve the effectiveness of patrol? 

PSE/SL-2 

1II-9 

:: .. 
~". 



25. 

26. 

During an average tour of duty, about what 
each of the following duties: 

percentage of your time is spent on 

A. Ans\yering call s for service % 

B. Preventive patrol ., 
10 

C. Directed patrol " .. 
D. Foot patrol 01 

'" 
E. Administrative matters " .. 
F. Rest or other breaks Of 

10 

G. Other {please be specific} 

.} 

TOTAL = 100::; 

wnat amount of off-duty social contact do you have with residents of your beat? 

have frequent social contacts 

I have occasional social contacts 

rarely have social contacts 

have no social contacts 

27. How many members of the community in your patrol area do you know on a first-name 
basis? 

2d. 

?SE/SL-2 

None 

One to four 

Five to nine 

10 - 19 

20 - 29 

30 - 49 

50 - 99 

100 - 199 

200 or more 

During an average tour of duty, about how many times do you stop and talk to 
the members of your community? 

None 

One to four 

Five to nine 

10 -19 

20 or more 
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29. During an average tour of duty, about how many times do you get a chance to talk 
to other police officers, sergeants or command officers? 20 or 

1 - 4 5-9 more 

A. Other pol ice officers 

B. Sergeants 

C. Command officers 

30. If you had the chance, wou1 d you change the ki nd of work that you do? (That is, 
would you go into another line of work?) 

Yes No ___ , 

A. If you said Yes, what kind of work would you like to do? 

31. How often do you do things in your job that you wouldn't do if it were up to you? 
Never Once in a while __ Often __ Fairly often __ Very often __ 

32. Around here, it's not important how much you know, but who you know that really 
counts. How do you feel about this statement: Do you: 

33. 

Strongly agree ___ _ Disagree 

Agree Strongly disagree __ _ 

Uncertain 

How much say or influence does a persor. like you have on the way the police 
department is run? 

A lot Some Very 1 itt 1 e None __ _ 

34. How often do you te 11 your supervi 50r youl' own ideas about thi ngs you mi ght do 
in your \~ork? 

Never __ Once in a While __ Often __ Fai rly often __ Very often 

35. "In order to avoid apprehension, many criminals time their crimes to be immediately 
after a patrol car passes." Indicate your opinion on the sCil1e below from 0 -10 by 
putting a check:mark above the number that best describes your feel ings. 

--0- --1- --2- --3- --4- --5- --6- -r- --8- --9- -rn-
Definitely Somewhat Defini.tely 

not correct correct correct 
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36. 

37. 

38. 

"~.anyhouse breakers listen to the police radio and time their break-ins to occtlr 
When the local beat car is busy on a call for service." Indicate your opinion on 
the scale below from 0 -10 by putting a checkmark above the number that best 
describes your feelings. 

--0- -r- -2- --3- --4- --5- --6- --7- --8- --9- -m-
Definitely So~what Definitely 

not correct correct correct 

"Many armed robbers choose the location of their robbe,;y wi~hout regard ~o.the 
whereabouts and activities of the nearby patrol cars. Indlcate your oplnlon on 
the scale below from 0 -10 by putting a checkmark above the number that best 
describes your feelings. 

-0- -1- -2- -3- -4- --y- -6- -7- -8- -9- -10-
Definitely Somewhat Definitely 

not correct correct correct 

ror each of the following types of crimes, please give a score of 0 ~o 10 
depending on how effective you think pol ice patrol can be 1n ~re'lentlng or 
deterring the cri~~. At one end of the scale, a score of 0 wlll mean that you 
think effective police patrol can do little or nothing to prevent or deter such 
crimes, at the other end of the sCiile a score of 10 wil 1 mean that you think 
effective police patrol can virtually eliminate such crimes, and a score of 5. 
means that you think effective police patrol has a moderate effect on preve~t1ng 
or deterring such crimes. For this question, please write the score in the 
space provided. 

--0- --1- --2- --3- --4- --5- --6- --7- --8- --9- -ro-
Not Somewha t Very 

effective effective effective 

SCORE 
A. First-degree murder of an acquaintance 

B. Armed robbery of a liquor store 

C. Arrned robbery of a person in the str"eet 

D. House break of a single-family home 

E. Rape in a public place 

F. Auto theft on a street 

G. Street assaul t of a stranger 
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39. 

40. 

For each of tile following types of crime, please give a score of 0 to 10 depending 
on whether in your opinion perpetrators when performing a crime totally ignore the 
locations and activities of nearby patrol cars. A score of 0 means that you think 
the perpetrator totally ignores the presence and activities of nearby patrol cars, 
a score of 10 means that you think the perpetrator will not commit a crime if 
there are patrol cars nearby that pose a threat of apprehension, and a score of 5 
neans that you think the perpetrator sonewhat takes the location and activities 
of the nearby patrol cars into account in deciding to commit a crime. For this 
question, please write the score in the space provided. 

-0- ~ -2- --3-
Ignores 

-4- -5- -6-
Somewhat 

concerned 
about 

nearby 
patrol 
cars patrol cars 

A. First-degree murder of an acquaintance 

B. Armed robbery of a liquor store 

-7- --8-

C. Armed robbery of a person in the street 

D. House break of a single-family home 

E. Rape in a public place 

F. Auto theft on a street 

G. Street assault of a stranger 

g-" -10-
Observes 
nearby 
patrol 
cars 

Overall, now satisfying do you find your profession as a police officer? Indicate 
your answer on the scale below from 0 -10 by putting a checkmark above the number 
that best describes your opinion. 

-0- -r- -y- -3- ~ --5- --6- --7- --8- --9- --10-
Not at Somewhat Extremely 

all sati sfying sati sfyi ng 
satisfying 

PSE/$L-2 
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Background Information 

1. Are you a Male ____ or a Female ? 

2. You do not have to answer this question if you would rather not, but can you 
please tell me what race you are: 

A. American Indian 

B. Black 

C. Hispanic 

D. :';hite 

E. Other (please be specific): 

3. How many years of school did you complete? 

A. 0-8 

B. g -12 ----
C. High school graduate 

D. College 1 - 4 

E. College graduate 

F. Graduate school 

G. Other (please be specific) : 

4. Have you had any special police-related training (such as Criminal Justice college 
courses, FBI Academy, etc.)? 

Yes ___ _ No __ _ 

A. If you said Yes. please describe this train·jng: 

PSE/SL-2 
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5. How many years have you been on the police force? 

A. 0-2 

B. 3 - 5 • 

C. 6 -10 

D. 11 - 15 ----
E. 16 or more 

6. How many years have you been assigned to this district? 

A. 0-2 

B. 3 - 5 

C. 6-10 

D. 11-15 

£. 16 or IOOre 

7. What is your rank? 

A. Patrol Officer 

B. Sergeant 

C. Lieutenant 

D. Captain 

E. Other (please be specific): 

!F THERE IS At/Y INFORMATION YOU WOULD LIKE TO ADD, ELABORATE ON, OR ADD TO WHAT YOU 
HAVE ALREADY SAID, PLEASE FEEL FREE TO ': HE ON THE BACK OF THE QUESTIONNAIRE. 

Thank you again 60ft. yo~ help • 

PSE/Sl-2 

1II-1S 
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1 INTRODUCTION 

Automatic Vehicle Location (AVL) systems provide continuous position 

monitoring of all vehicles in an AVL-equipped fleet. In police applications 

such systems allow researchers to perform police patrol experiments with full 

knowledge of the patrolling and response patterns of sll AVL-equipped police 

vehicles in an experimental area. 

The St. Louis Metropolitan Police Department (SLMPD) is the first major 

U.s. city to have an operational city-wide accurate AVL system. Public Systems 

Evaluation. Inc •• (PSE) as part of a project called the Directed Patrol 

Experiment [Grant No. 78-NI-AX-0112 from the National Institute of Justice of 

the U.S. Department of Justice]. is conducting the first set of experimental 

trials in this unique environment. All preYious experiments with alternative 

police patrol strat~gies have been done without the r~searchers knowing the 

whereabouts of pe,trol vehicles in the experimental area. Thus, they could not 

be assured that experimental conditions were upheld or even estimate th~ extent 

of non-compliance with experimental conditions. The AVL technology introduces 

a capability for urban researchers--on a markedly different scale, of course--

analogous to the microsoope for biological researchers. And, not surprisingly, 

some geometrically oriented statistical techniqu~s heretofore useful for 

studying, say, mutant versus ordinary cells under a microscope are now becoming 

useful in this new urban laboratory. But now the entities of interest are 

crimes and police patrol vehicles. 

A major component of this study is the analysis of the dependence (if any) 

of crime looations and times upon the locations and patrolling patterns of 

nearby polioe v~hicles. A oritical part of the analysis is the study of the 

distance between a crime (reported while in progress) and the closest patrol 

car that is experimentally monitored (i.e., whose location is known to the 
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experimenters). Two special features must be incorporated into the analysis: 

AVOIDANCE: If a criminal does choose the time and location of 
his/her crime with some dependence on nearby police 
pat~ol cars, then rules of rational behavior would 
indica te tna t he/ she attempts to avclid the police. 
Thus, the analysis must consider different degrees 
of possible avoidance. 

CONTAMINATION: '£he experimental area is likely to have a certain 
number of marked police vehicles unequipped for 
experimental monitoring. While such vehicles 
provide police visibility to potential criminals, 
they are invisible to the experimenters. ThlllS, 
unmonitored vehicles contaminate the experiment in 
ways which must be quantified in the analysis. 

It is the purpose of this paper to develop models and procedures for analyzing 

distance to the closest monitored police car in the presence of avoidance and 

contamination. 

Our approach is primarily model-based. We assume that police patrol 

vehicles-hoth those that can be observed (monitored) by experimenters and 

those that cannot (unmonitored)-axe distributed randomly and independently 

over an area that is large compared to typical travel distances. The most 

appropriate (and analytically tractable) model for such a spatial dispersion of 

vehicles is the spatial Poisson process. Thus, mucb of our development focuses 

on essentially geometrical relationships among entities (i.e., crimes and 

police vehicles) in tbe presence of the Poisson t>ssumption. In Section 2 we 

define the basic Poisson model for monitored and unmonitored vehicles. In 

Section 3 we address the issue of deliberate criminal avoidance of police; a 

postulated avoidance-type behavior is &ttributed to the potential criminal. and 

a resultant probability law is derived for the di~tance to the closest police 

vehicle (monitored or unmonitored) for a given level of such avoidance. In 

Section 4 we study contamination by unmonitored vehicles and discover a 

relationship [Equation (7)] between two proba;bil ity laws: one for the dis'" nce 

from a crime to the closest monitored vehicle and the other for the distance to 

2 

-- -- !" 

".~ 

;, 
l 

''';.:. 

. 
'j; 

-~<n\; ~ ~ 

the closest vehicle (monitored or unmonitored). In Section 5 we combine ideas 

of avoidance and contamination to derive our major result [Equation (8)]: the 

probability law for the distance between a crime and the closest monitored 

vehicle in the presence of a given amount of both contamination and avoidance. 

Somewhat surprisingly, we find that increasing contamination (by having more 

unmonitored vehicles) yields a revised probability law for the distance to the 

closest monitored vehi~le that is identical to that which one would obtain with 

no contamination but with less avoidance. In Section 6 we address some 

relevant statistical questions, involving structuring an hypothesis test, 

estimating the amount of avoidance, and testing the reasonableness of the 

spatial Poisson assumption. 

2 BASIC MODEL 

Suppose that experiment~lly monitored vehicles are spatially Poisson 

distributed with rate 11 vehicles/kml • Suppose further that unmonitored 

vehicles are spatially Poisson distributed with rate 12 vehicl~s/kml. 

Define 1 = 11+Y2' Under the null hypothesis (Ho} of independence of crime and 

patrol locations, the probability density function (PDF) for the right-angle 

(rectilinear) distance R1 (L~) between the crime and the closest monitored 

(unmonitored) vehicle h Rayleigh with parameter J41 1 ~. [1] Still under 
• 

the null hypothesis, the right-angle distance RMIN = MIN [R1 , ~] is Rayleigh 

distributed with paramet~r ,,4(11+ri). [2] The respective means and variances 

are: 

[1] 
NJ: 

\ 

= = 
7T 

(2 - -) 
2 

(a) 

Larson, R.C. and A.R. Odoni, Urban Operations Research, (Engle~ood Cliffs, 
Prentice Hall, 1981)., p. 151. 
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4 Y2 1 2 4Y2 
(b) (1) 

1~ TC 1 E [RM1N] = al = (2 - -) 
4 Yl +r2 MIN 2 4(Yl+r2) 

(c) 

Under an alternative hypothesis HI' crimes would tend to occur away from 

patrol units. both monitored and unmonitored. If Il. Ri and RMIN' are the 

respective variables under the alternative hypothesis. then we are 

hypothesizing an avoidance between crime and police locations that would 

shift the Rayleigh PDF for RMIN to the right. as indicated in Figure 1. 

3 AVOIDANCE 

To model criminal avoidance of police. suppose that potential crimes occur 

as a homogeneous Poisson process (both in space and time). Given the Occur-

rence of a potential crime at point (x.y) and given that the closest police 

vehicle (at [xl' Yl]) is right-angle distance r away (i.e .• r = lx-xI J+ J
Y-Yl l ). 

then we assume that an actual crime will now occur at (x.y) with probability 

a(r). Intuitively. one would expect nCr) to have the following properties: 

1. a(O) = O. that is. no crime Occurrence "in front of" a policeman. 

2. a (00) = 1 

3. a(r) should be monotonically increasing. 

For our analysis we will choose: 

(2) 

Here A is an index of nonavoidance. with nonavoidance increasing as A 

increases. Very large A implies almost no deliberate avoidance of police by 

the criminal. thus supporting the null hypothesis of independence. Very small 

[2] Urban Operations Research. p. 174. 
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A implies considerabl~ avoidance (or. equivalently. virtually no 

nonavoidance) .[3] We shanld recall that the locus of points equidistant (at 

right angle distance d) frc~l1l a given point is a square centered at the given 

point and rotated 4S o with r~spect to the coordinate axes; the area of this 

square is 2d:l. The functional .t'orm of Equation (2) is then a1 so suggesti"Te: 

it implies that avoidance deczeases exponentially as the area of the rotated 

square centered at the criminal's position and having size determined by the 

closest police vehicle. In a sense. the size of the square may reflect to the 

potential criminal the chances of successful escape. the larger the square. the 

larger the "police-free zone" centered at the location of his potential illegal 

act. 

Let us now consider the effects of avoidance. as given in Equation (2). 

Since potential crimes occur spatially as a Poisson process independently of 

police locations. the PDF for the distance from a potential crime to a patrol 

~ehicle is Rayleigh with parameter~ Hence. given a potential crime. the 

probabiH;ty that an actual crime will immediately ret,ult is: 

P (crime occurs} = P{C}= f 004 yre-2yr2 a(r)dr. 
o 

Substituting J!.qua tion (2) and integra ting. we find: 

P(C} = A 

y+A 
(3 ) 

As expected very large A implies P{C}~l. while very small A implies P(C}~O. 

We do not equate crime avoidance with deterrence. because avoidance may simply 

imply delay or displacement of a crime which the putential cri~inal is 

determitted to commit. 

Of fundamental importance is the distribution of distance between a 

potential crime and the closest police vehicle. given that an actual crime 

[3] We will use both terms. avoidance and nonavoida~ce. in this paper; the 
"latter is usually chosen whenever we are discussing increasing or decreasing 
values of A. 
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immediately results. Call the desired PDF fRMII~(rlcrime). where the random 

variable RMIN is the distance to the closest cur. Invoking the appropriate 

form of Baye's rule: 

Per < R < r+dr. crime occurs) 
MIN -= 

P{crime oc curs J 

= 
P(crime occurslr i RMIN i r+dr}P(r i RMIN i r+dr} 

P{r;rime occurs} 

= 
[AI (y+1..)] 

01". 

f R ( ric rime) 
MIN 

= r)O 

Straightforward integration shows that the mean and second moment are. 

respectively. 

l+y 
2ly 

y 

2).(y+l) 

As we expect. avoidance implies 

With minimal voidance. 

Lim E [RMINI crime] 
):0+0 

= 

Somewhat surprisingl',. with maximal avoidance. 

~~2n 
8 y Lim E (~INlcrilf'.~) 

l ... O 
= 

( a) 

(4) 

(5) 

(6) 

l~ns. there is only a SO percent range of possible variability above the base 

case of no avoidance. This could make difficult the statistical detection of 
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avoidance. A plot of E[RMINlcrime] versus level of avoidance is given in 

Figure 2. 

We have displayed in Figure 3 the :PDF of Equation (4) fer 1=1 and for 

different values of A: A = 00 (no avoidance); A= 4 (20 percent of crimes not 

occurring immediately due to avoidance); A=1; A=0.1 (High avoidance: 91 

percent of crimes not occurring immediately). One's intuition is verified: as 

avoidance increases, the conditional PDF of distance between the crime and the 

closest police vehicle shifts to the right. Particularly important is the 

marked shift to the right near the origin (i.e., for small distances), even for 

relatively low levels of avoidance. 

4 CONTAMINATION BY UNMONITORED VEHICLES 

We now introduce into the analysis the effect of unmonitored vehicles. 

Intuitively one would think that such contamination of th0 experimental 

condition would make more difficult the detection and estimation of criminal 

avoidance--because criminals would be avoiding some vehicles that are invisible 

to the experimenter$, thereby introducing noise into the experimental 

results. 

As usual, let 11 (12) be the spatial density of monitored (unmonitored) 

vehicles. Define 

fR'(r) dr = Prob (closest monitored vehicle is a right-angle 
1 distance r to (r + dr) from the crime} 

fR'(r) dr 
1 

- Prob (closest moulitored vehicle is a right-angle 
distance r to (r + dr) from the crime}. 

We assume we are dealing with actual crimes and that any dependence of crime 

location on vehicle location is due to the proximity of the closest vehicle 

only (i.e., the criminal wants to increase the distance between himself or 

herself and the closest vehicle, but does not care about the second closest, 

third closest, etc.). 
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PDF for Distance fram Actual Crime to Closest Police Vehicle 
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We wish to determine an equation relating f R' ( ) and fR' ( ). 
1 MIN 

We note 

that with probability Yl!(Yl+rZ) the closest vehicle will be a monitored 

vehicle. We collect together our probabilities first verbally: 

Probability that the closest vehicle is between rand r+dr = 

® 

Probability that the close3t vehicle is between rand r+dr and 
that it is a monitored vehicle PLUS 

Probability that the closest vehicle is closer than r A-nd that 
it is not a monitored vehicle and that the closest monitored 
vehicle is between rand r+dr. 

The first component of the RHS is straightforward: 

® = fR (r)dr 
MIN 

11 

To find an expression for ® suppose that the closest vehicle (which is 

unmonitored) is b6tween p and p+dp. Consulting Figure 4, we see that the 

intersection of four events yields the event we are considering and, by 

independence, the individual probabilities mUltiply to give the probability of 

the joint event, P {joint event} =0· ® .. 0 .. ® where: 

0= Prob {closest vehicle is a distance p to p+dp from the crime} 

~= Prob {closest vehicle is unmonitored} 

0= Prob {no monitored veh.icles in the cross-hatched region on 
Figure 4} 

@)= Prob (one monitored vehicle in the infinitesimal strip of width 
dr). 

The respective probabilities are given as, 

.. f R' (p)dp 
MIN 

= 1Z!(11+j-'Z) 

G) - e-11[area of cross-hatched region] = e-11Z[rS-pS] 

GD - 11[area of infinitesimal strip] = 114rdr 

We obtain the desired p~obability ® by writing 

11 
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Figure 4 

Spatial Relationships Between Location of 

Closest Vehicle and Closest M:::>ni tared car 

dr 

12 

Closest car [non FLAIR] 
located. in this rotated 
square strip 

Closest FI.AIR car located 
in this infinitesimal strip 

,i 

Pooling all of our results, we obtain the desired relationship, 

11 12 
fR'(r)dr = f R' (r)dr + -----

1 11+12 MIN 11+12 

Equation (7) is an integral equation relating the often known function fR'(r) 
1 

[known via measurement] to the often unknown function f R' (r). 
MIN 

As a check of Equation (7), if we discover that fR,(r) is Rayleigh 
1 

with P&rameter~ (i.e., that the null hypothesis holds for monitored 

v~hicles), then simple substitution shows that a solution to the equation is 

given by fH' (r) = 4(11+r2)re-2 (11+r2)r
2 

[i.e., a Rayleigh PDF MIN,... ____ _ 

with parameter"4(11+r2)] 0 This would be substantiation for the null 

hypothesis. 

S MEASURED AV~ANCE IN THE PRESENCE OF CONTAMINA~ION 

We can now combine our ideas of contamination and avoidance. Suppose 

there is a given level of nonavoidance as reflected by a particular value of A. 

and suppose that t~e PDF for the distance from a crime to the closest vehicle 

(monitored ur unmonitored) is give by Equation (4). Then f R, (rlcrime) of 
MIN 

Equation (4) can be substituted on the RHS of Equation (7) as f R, (r). After 
MIN 

some manipulation, we obtain an expression for fR,(r), which now represents 

the PDF for the distance between an actual crime and the closest monitored 

vehicle, in the presence of contamination level 12 and a nonavoidance level A.; 

the result is 

= 

fR' (r!11,1..+r2) 
1 

411(1 + ~)re-211r2 [1 - e-2(1..+Y2)~2]o 
1..+r2 

r 2. 0 

Equation (8) has the same functional form as Equation (4), with 1 of Equation 

(4) replaced here by 11' and A. of Equation (4) replac~d by 1..+r20 Hence, a 

( 8) 

contamination level 12 effectively increas~s measurable nonavoidance from A. to 
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(X+r2) {recall that hig~er X values imply lower avoidance levels}. The mean 

and second moment are. respectively. 

1 { Yl ~ Yl ~ 2n 

J 
E [R' I 'Yl.~+r2] = -(1+--)--- (a) 

1 4 X+r2 'Yl X+r2 'Y1+r2+). 
(9) 

[R2 h1 .).+r2] 
).+rl+r2 11 

(b) E = . 
MIN 2 ().+r2}Yl 2 ().+r2) ('Yl+r2+).) 

We have displayed in Figure 5 a set of curves directly analogous to those 

of Figure 3. for the case of extreme contamina tion: 11 = 'Y2 = 1.0 (i.e.. fully 

50 percent of the vehicles are unmonitored). Note that for relatively high 

levels of uonavoidance (as illustrated by the case). = 4) the contamination 

does not significantly change the PDF for distance from that found in the 

uncontamina ted case. However. for cases of extreme avoidance (e.g •• A, = 0.1) 

the contamination significantly shifts the PDF to the left. making it closer to 

the Ho curve. Since contamination effectively increases). [increases 

measurable nonavoidancel by an amount 12' a contamination of 

0.1 is equivalent to a nonavoidance of A = 1 + 0.1 = 1.1 in a situation with no 

contaminatio~: in fact. curvEl ® of Figure 5 looks very much like curve @ 

[). = 1.0] of Figure 3. 

In experimental situation~. it is of interest to know the effect of 

contamination in reducing the mean distance from the crime to the nearest 

monitored patrol vehicle. In terms of the notation of Equation (9) (a). the 

base case of no avoidance occurs with X = 00. yielding a mean distance 

If we set 'Y1 = 1 (as w& have done throughout). then a reasonable measure of 

efficiency for computing the mean in the presence of contamination would be 

14 
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~ Efficiency = --------------------------- x 10~ (10) 

~~ 2n 
4 11 

This measare is plotted in Figure 6 as a function of contamination level 

12 for various values of A. An interesting feature of these curves is the 

relatively high efficiencies associated with small and moderate levels of 

co~tamination. For instance. s contamination of 20 percent still provides 89 

percent efficiency for the case of extreme avoidance: A=O.l. Thus. the mere 

presence of unmonitored vehicles in the experimental area does not preclude the 

possibility of detecting and estimating the extent of avoidance. 

6 STATISTICAL ISSUES 

In an experimental situation. one usually knOlTS 11 and 12 and one wants 

to test an hypothesis that A is different from +0) (i.el~ no avoidance) ~nd/or 

to obtain a numerical estimate for A. 

6.1 A Hypothesis Test 

In the simple two-hypothesis test mode of analysis. Ho is represented by 

the familiar Rayleigh PDF with parameter~ and HI is really a family of 

alternative hypotheses. H1(11.A+r2). Owing to the marked differences between 

the Ho and HI FuFs near the origin. an hypothesis test fO(lusing on values of 

the cumulative distribution function (CDF) in this region would seem 

appropriate. Integrating Equation (8). the CDF for the random variable R'1 is 
, 

Prob (R i r) 
1 

= 1 -

(11) 

rlO 
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For any given r, the difference between the CDF for Ho and the CDF for 

H1 (11,A,+Y2) is 

FR,(rlA,l'~) - FR (rI11,A,+Y2) = A(rI11,A,+Y2)' 
1 1 

By straightforward application of differential calculus, one finds that the 
MAX 

maximum difference [i.e., (A(rI11.A,+Y2)}] occurs at 
r 

(12) 

Plots of the four CDFs corresponding to the four PDFs of Figure 3 are shown 

in Figure 7i together with the respective r*'s and the corresponding values of 

A(r* 111,A,+Y2)' (Figure 7 combines both avoidance and contamination through 

values of the sum A,+Y2') For instance, from Figure 7, if the alternative 

hypothesis Hl stipulates ~+Y2 = 1.0 (with 11 always set at 1.0), then the 

maximum separation between the CDFs for Ho and HI occurs at 

r*(l,l) =~,~ Zn 2 = 0.5887; at that value, we find 

FR, cV ~.Zn211, ) = ~ and 
1 

(OtJ ~ Zn2 11 , 1 ) FR, = ~ thus the difference 

is 
1 

A ~~ Zn21 i: 1) = ~ = 0.25. 

'We can now construct an hypothesis test about the value r*. Suppose we 

sehct a sample of n independently drawn measured distances. Under the null 

hypl~thesis each sample value has a chance Po = FR,(r* 111') of assuming a 
1 

val ue I es s than or equal to r* and a chance (1-P 0) = U-Fr (r*1 11 ,~» of 

assuming a· value sreater thftn r*. Define the indicator random variable 

{ 
1 if the lIleasured distance i r* 

o otherwise 

Then the total number of "successes" in n trials, wl\ere a success is defined to 

be an experimental value less than or equal to r*, is 

18 
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n 
Y (n)=1:X. 

o . 1 1 
1= 

The Xi's represent a seqt!ence of ;'ndependent identically distributed Bernoulli 

random variables. each with mean E[Xi ] = Po and variance at 
i 

random variable Yo(n) has mean nPo and variance nPo(I-Po)' Invoking the 

Central Limit Theorem. as n gets large, Yo(n) tends to a Gaussian random 

variable with the aforementioned mean and variance. 

Tho 

Under an alternative hypothesis HI' each sample value has a chance 

Pl=FR, (r* IYl.A.+Y2) of assuming a value less than or equal to r* and a chance 

(1- PI) = (I-FR, (r*'Yl'A.+y» of assuming a value greater than r*. Hare 
1 

the total number of successes Y1(n) in n trials tends (as n gets large) to a 

Gaussian PDF with mean nPl and variance nP1(I-P1). 

A reasonable hypothesis test would be one in. which the probability of 

false rejection of the null hypothesis (a) would be equal to the probability of 

false rejection cf the alternative hypothesis <In, with a=J3=O.OS. Si.nce P
1

<P
o 

the decision region for acceptance of Ho would be to the right of some 
n 

threshold value T. For 1: Xi)T. we accept Ho' otherwise we accept HI' At 
i=1 

the desired T, the area under the Ho Gaussian PDF to the left of T and the area 

under the HI Gaussian PDF to the right of T would both be equal to O.OS. 

Consulting tables of the Gaussian CDF. we find that 9S percent of the area 

under the Gaussian curve occurs at values of the Gaussian random variable less 

than or equal to the mean plus 1.64S standard deviations. Hence 9S percent of 

the HI PDF lies to the left of nPl + 1.645 nP1(I-Pl) and 95 percent of the Ho 

PDF lies to the right of nPo - 1.64S nPo (I-Po). Our desired threshold T is 

found by equating these two quantities and solving for the appropriate sample 

The 

n* 

result is 

[

PI (1-Pl) + Po (1-p 0)] 2 
= 1.645 

Po - PI 

20 

(13) 
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A plot of n* versus A.+Y2 is given in Figure 8. In reading this figure. a 

sample size of say. 200. would be appropriate to detect at O.OS lavel of 

significance (and O.OS level of false rej ection) any HI having A+Y2 less than 

or equal to about 6.8. Of COU1"se, if A+Y2 were less than 6.8 the significance 

level with 200 sample values "ould be improved over O.OS. 

6.2 Estim.ting the Amount of Nonavoidance 

Suppose above we have n independently drawn distanl~es to the nearest 

monitored patrol vehicle. :1:'1' 1"2' •••• 1"n = . .!:. Now we wish to estimate using 

maximum likelihood techniques the amount of nonavoidance A.. We assume that the 

spatial densities Yl and Y2 of monitored and unmonitored vehicles, 

respectively, are known. Due to independence of the ri's, the appropriate 

likelihood function is the product of n values of the PDF for r i , each PDF 

value determined by the corresponding sample value rio Defining the likelihood 

function as L(.!:, A), we can write: 

The natural algorithm of L(.!:,A) is 

n 

+ 1: 
i=1 

n 

rC2Y1 1: rl + 
i=1 

(14) 

n 1: [1-e-2 (A+Y2)rl] (1S) 
i=1 

We want to find that value for A.)O which maximizes L(.!: A) or. equivalently, 

Computing 1l L(r,A.) and setting the resultant expression equal to 
~'A -

zero, we find that the maximum likelihood estimate for A is that value which 

solves that following equation: 

2rl 
(16) OIl 
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It should not be difficult to program a computer to solve iteratively for the 

appropriate value.[4] 

6.3 Adequacy of the Spatial Poisson Assumption 

'rh,e entire analysis in this paper rests on the assumption that both 

monitored and unmonitored vehicles are spatially dist.ributed as homogeneous 

Poisson processes. with rate parameter 11 and 12 respectively. One may 

justifia.bly question the reasonableness of this assumption in a complex urban 

envirollDllent. 

In a hGmogenous city having square police beats and full availability of 

patrol ~nits. with one unit randomly located in each beat. previous studies 

have shown that the average distance to the closest police car from a random 

point is approximately 

'1 
0.59~8 

where y is the number of beats/km 2 (or equivalently. the number of 

vehicles/km 2 ).[5] Rather than requirins each unit to be within a prespecified 

beat. the spatial Poisson model allows units to be independently located over 

the entire region. That model predicts that 

the closest police car from a random point is 

1 ~n .-v Ji'­
- - N"0. 6271:--
4 1 Y 

or about 6 percent greate,1:' than the beat model. 

the average distance to 

As the utilization factor p 

of a unit increases. wherep is the fraction of time t1l,at a unit is busy. 

Kolesar and Blum[6] have shown that mean distance to th~ closest available 

" [oi] Of course any solution ). to (16) 
second derivative of Zn L(li"A) with 
occurrence of a minimum. 

" mllst satisfy).)O and be such that the 
rn,pect to ). is positive, reflecting the 

[5] Larson. 
Press, 1972). 

R.C., Urban Police Patrcil Analysis, (Cambridge, MA: M.I.T. 
Chapter 7. 

[6] Kolesar, P. and E. Blum. SquarJ Root Laws for Fire Engine Response 
Distances ManaBoment Science, 19(197~), 1368-1378. 
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~ vehicle increases in proportion to [y(1_p)]-1/2. Similarly. it is known that 

unavailable vehicles A_" distributed as a spatial Poisson process with mean 

'YP vehicles/km 2 .[7] As P increases. one ""ould expect that the spatial 

density of available vahicles in their beats would--over the entire region--

appear more and more random. because a fraction p of nearby randomly selected 

vehicles are no longer available, leaving a patchwork spatial distribution of 

vehicles that may quite closely resemble a random sample from a spatial Poisson 

process. Thus. as p increases, we have two (not quite independent) spatial 

processes--one exactly Poisson (for unavailable units). the other approximately 

Poisson (for available units). We might expect that the closest distance to 

the closest vehicle (busy or free) would increase with increasing P. 

eventually to the value predicted by the spatial Poisson model. In fact, the 

spatial Poisson model is precisely correct when p approaches unity. 

A second feature contributing to the reasonableness of the spatial Poisson 

assumption is the presel1ca of unmonitored vehicles, with density 'Y2 

vehicles/km 2 • In most p,:.J.ice applications these vehicles do not have fixed 

boundaries in which to operate and it would be reasonable to assume that they 

are distributed randomly (following the assumptions of the spatial Poisson 

process). And it would seem appropriate to assume that this process operates 

independently of the beat patrol vehicles, whether busy or free. 

Thus, the 6 percent error in the mean computed at zero workl03d with no 

contamination could reasonably be expected to De an upper bound on the error 

attributable to the spatial Poisson model. 

Still, ~uch features as spatial inhomogenities and boundary effects could 

reduce the accuracy of the sp&tial Poisson model. One way to check and 

calibrate the spatial Poisson assumption for monitored vehicles would be to 

[7] Urban Operations Research, p. 339. 
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select random points in the experimental area at random times and to determine 

the distance to the closest monitored police vehicl~ n such samples, for 

suitably large n, could provide an empirical cumulative distribution function 

which could be compared to that of the spatial Poisson model. Any deviations 

from the theoretical model could be used to adjust the procedures of this paper 

to the idiosyncrasies of the given experimental area. 
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