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ABSTRACT

Automatic vehicle locator (AVL) systems, utilizing military’s global positioning system, may
impact response time to law enforcement calls for service.

In order to evaluate the impacts

of AVL on response time to calls for service at the Altamonte Springs Police Department
(ASPD), computer aided dispatch (CAD) data from years 1999 to 2003 were analyzed. The
analysis of each of the data sets consisted of an initial sequence chart, an analysis of variance
(ANOVA), a means plot and a linear regression. Interviews of ASPD personnel were conducted
to understand user perceptions of AVL.

Based on the ANOVA results, trends indicate that weekly response time was significantly lower
during the AVL partial implementation period than during the pre or post AVL stages across all
categories of data analyzed. Based on the regression results, trends indicate that the overall
impact of AVL on response time for all categories analyzed is flat and show AVL as having no
overall impact on response time across all calls for service analyzed. An exception to this is the
findings related to Priority 3 calls for service; however this exception can be attributed to
performance during the pre AVL implementation stage. These results do not suggest a capability
for AVL to reduce response time to calls for service in a meaningful comprehensive way. Thus,
the study’s hypotheses are not supported.
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INTRODUCTION
The adaptation of military technology for use in United States law enforcement applications has
a long history. Immediately after World War I, the law enforcement community demonstrated
an interest in the use of chemical agents to control both criminals and unruly crowds. They had
hoped chemical agents would have the same effects on its intended targets here domestically as
they had on the opposing forces in the battlefields of Europe (Edwards, Granfield & Onnen,
1997). Other later technological adoptions include such items as protective barrier systems,
personal protective equipment, night vision devices, first responder and communications
equipment. This project will focus on communications equipment, particularly the military’s
global positioning system and law enforcement applications. It will focus on response time to
law enforcement calls for service. A specific working example of these applications is studied
within a Florida municipal police department.

Altamonte Springs Police Department – A Community Policing Agency

With a resident population of over 40,000 and a typical daytime population in excess of 80,000
people, the Altamonte Springs Police Department, FL (ASPD) represents one of the over 4500 of
all law enforcement agencies in the United States serving a population of between 10,000 and
100,000 people (Reaves & Goldberg, 1999). ASPD is also one of the 93 percent of agencies
serving a population between 10,000 and 100,000 people that is practicing community policing
strategies (Bureau of Justice Statistics [BJS], 2006).

1

In the spring of 2003, the Altamonte Springs Police Department, FL (ASPD) integrated an
automatic vehicle locator (AVL) system into their computer aided dispatch1 (CAD) procedures.
AVL relies on the military’s global positioning system (GPS) and its system of thirty satellites
and five ground stations for its data (GPS Satellite, 2004). The intent of this integration was to
improve response time to calls for service for field units. With this system in place, the
dispatchers can identify the location of all field units superimposed on a street map. Supplied
with real time vehicle locations, it was hypothesized that supervisors and dispatchers would be
better able to direct the closest field unit to the call thus reducing the amount of time the caller
has to wait for a field unit.

Support for reducing response time today is articulated strongest in the community policing
literature.

Community policing literature suggests that response time should be positively

impacted by the use of AVL. Response time reduction is important, community policing argues,
because of response time’s assumed relationship to citizen satisfaction. The specific question
addressed by this study that has not been answered in community policing or other literature is
whether AVL integration will truly reduce the response time to calls for service for field units.
To answer this question, this project will analyze CAD data from the ASPD. Conclusions drawn

1

Computer Aided Dispatch (CAD) – Software, in conjunction with hardware, that suggests

specific patrol units to dispatch for a call for service based on predetermined parameters, such as
call location, call type, unit location in reference to the call and the department’s standard
operating procedures (SOPs) (VisionAIR, 2000).
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from this study have implications to a large number of law enforcement agencies practicing
community policing because of their desire to improve response time to calls for service.

Modern community oriented policing has only been an accepted practice for police agencies
since the early 1980s when Herman Goldstein forwarded his views of problem oriented policing
(POP). Before that, policing was conducted in a more “traditional” setting, with officers walking
and driving around neighborhoods and keeping the peace (Wrobleski & Hess, 2000). Popular
with both police and residents, it was not uncommon for citizens to be on a first-name basis with
the local law enforcement (Wrobleski & Hess, 2000). Known as the officer friendly era, this was
the time period preceding the crime busters and g-men era popularized in media and
entertainment. While some of this is glamorized in old movies, there is some truth to the fact
that police and community worked together more than they do now. There was a sense of
common cause that does not exist today (Wrobleski & Hess, 2000). Many contemporary police
departments, even if their efforts are misguided, are trying to return to those days of working
together to prevent crime and reduce the fear of crime. A core element of these efforts is to
reduce response time. Departments feel that if they can improve response time to calls for
service, they can improve citizen satisfaction with police service. If citizen satisfaction with
police service is improved, departments and citizens can move closer towards those lost days of
law enforcement community cooperation (International City/County Management Association,
1997; Spelman & Brown, 1984). A prime mechanism to this cooperation is thought to be a
reduction in police response time.
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Response Time

As early as the 1900s, improving response time to calls has been a top priority of law
enforcement administrators throughout the United States, with the goal of improving the
efficiency of police deployment. Starting with entire departments on bicycles in 1905, followed
by fully motorized patrol forces in 1910 (Wrobleski & Hess, 2000), agency administrators have
been attempting to improve their delivery of service to their communities. For most of the last
100 years, agency administrators had been operating under the paradigm that getting to the call
quicker can improve efficiency and increase arrest rates. Research however has shown this not
to be the case (Kansas City Police Department, 1977).

With arrest seldom attributed to a rapid law enforcement response to serious crime, research has
argued that the improvement of response time would have little impact on arrest rates (Kansas
City Police Department, 1977). Seventy-five percent of serious crime reported is a discovery
crime where the incident has already occurred and the crime is essentially over. Thus, in
approximately twenty-five percent of serious crime reported could a rapid law enforcement
response have a potential immediate positive impact (Wrobleski & Hess, 2000). In spite of this,
agency administrators continue to attempt to improve response time on the premise of positively
impacting service to their communities.

Response time in discovery crime however may indirectly improve arrest rates later by
improving citizen satisfaction with police service and thereby subsequent citizen cooperation

4

(International City/County Management Association, 1997; Spelman & Brown, 1984).
Improved citizen satisfaction is thought to reduce the time delay from citizen discovery of an
incident to citizen reporting of an incident. If this delay is reduced in non-discovery, in progress
crime incidents due to technological advancements or community policing practices, rapid law
enforcement response to today’s call for service should increase the odds of a subsequent arrest
to some future call for service due to enhanced citizen satisfaction and cooperation. For this
desired improvement in response time and associated citizen satisfaction, many law enforcement
administrators have turned to military technology.

The community policing and response time literature discussed in detail in Chapter 2 reports that
citizen reporting time and not law enforcement response time most affects the odds of an onscene arrest. Also, the practice of community policing has improved relations between law
enforcement and the community (Wrobleski & Hess, 2000). Coupled with community policing,
technological advancements in the areas of 9-1-1 and cellular wireless technologies today
provide US residents with the ability to contact law enforcement virtually instantaneously. This
was not present at the times of earlier studies conducted by Spelman and Brown (1984) and
Kelling, Pate, Dieckman and Brown (1974) when calls for service were routed through landline
telephone services. These new practices and implementations have the potential to impact the
area of response time to law enforcement calls for service.

To recap and summarize this argument, if the time delay between citizen discovery of a crime
and citizen contacting police is reduced, rapid law enforcement response may increase the odds
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of a subsequent arrest and create positive citizen satisfaction with police services. If citizen
satisfaction is improved, the likelihood of citizen reporting future crime to the police is
improved.

Thus, a decrease in citizen reporting delay occurs (International City/County

Management Association, 1997; Spelman & Brown, 1984). This circular model, if true, once
initiated may continue to spur steady improvements in law enforcement – community relations.

If the model is correct and AVL has a positive impact on reducing law enforcement response
time to calls for service, citizen satisfaction with law enforcement services can be expected to
improve.

Archival model lynch pin that has not been empirically tested is the ability of AVL to

actually reduce response time.

Military Technology Applications in Domestic Law Enforcement

Law enforcement’s adoption of military technology for domestic use can be traced back to early
World War I.

Having seen the use and results of chemical agents being utilized on the

battlefields of Europe, law enforcement sought to achieve similar results by utilizing chemical
agents on both criminals and unruly crowds (Edwards, Granfield & Onnen, 1997). In 1965,
Congress created the Law Enforcement Assistance Administration (LEAA), allocating vast
amounts of funds for improvements to the criminal justice system. Of the approximately $9
billion awarded to various components of the criminal justice system, the funding focus of law
enforcement has been research, development and hardware. The hardware purchased at the time
mainly consisted of vehicles, communications equipment and technology and weapons (Roberg,
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Crank & Kuykendall, 2000; Schmalleger, 2001; Wrobleski & Hess, 2000). In addition to the
LEAA, the federal government provides support for law enforcement technology through the
Bureau of Justice Assistance (BJA) and their technical assistance grants.

2

More recently in 1994, the U.S. Department of Justice (DOJ) and the U.S. Department of
Defense (DOD) entered into a cooperative agreement to develop technologies of value to both.
While fulfilling different functions, law enforcement and the military are often found
participating in the same missions or performing similar tasks (Joint Program Steering Group
[JPSG], 1997; Travis, 1997). Due to such partnerships and close working relationships, the
federal government appropriated approximately sixty million dollars over 1998 and 1999 to the
DOD budget to support the conversion of military technology to domestic law enforcement use
(Travis, 1997).

From these partnerships, military technologies such as protective barrier

systems, personal protective equipment, night vision devices, tactical training devices, first

2

The BJA is one component of the Office of Justice Programs (OJP) of the U.S. Department of

Justice (DOJ). The BJA provides local criminal justice agencies with leadership and assistance
in meeting and exceeding local goals and objectives. In meeting these goals, the BJA attempts to
enhance the ability of local agencies in accessing and integrating new technologies, improving
effectiveness and efficiency, reducing crime and supporting the evaluation of and dissemination
of funded program results (BJA, 2002). Technologies include non-lethal defense technology for
use by law enforcement, smart-gun technology, forensic crime laboratory improvements and
weapons detection (OJP, 2001).
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responder and communications equipment have been adapted for domestic law enforcement use
(Department of Defense [DOD], 2001; Franz, Gonos & Simek, 1998; JPSG, 1997; Travis, 1997).

Within this collection of technology transfers, automatic vehicle locator (AVL) systems3 based
on global positioning system (GPS) satellites4 have arisen. GPS consists of a collection of thirty
satellites that orbit the earth and five ground stations to monitor and manage these satellites (GPS
Satellite, 2004).

By transmitting exact time and position (latitude, longitude and altitude)

information, with a GPS receiver one can determine the receiver location anywhere on the Earth
to within three feet (GPS Store, n.d.). Originally created to provide continuous, worldwide
positioning and navigation data to U.S. military forces around the globe, the U.S. DOD, which
manages the system, began development of the $10 billion GPS satellite navigation system in the
1970s. GPS is today available for private use. Currently, GPS users include more than just the

3

Automatic Vehicle Locator (AVL) - Allows all such equipped vehicles to be accurately

monitored as to their location. This monitoring can accurately pinpoint a vehicle within three (3)
feet (Jones, 1994; Jones & Davis, 1998; Kilory, 1994; Siuru, 1997; White, 1995).

This

information is available in real time and when incorporated with mapping programs can display
all static and moving vehicles in an easily understood visual form.
4

Global Positioning System (GPS) – A system consisting of a collection of twenty-four satellites

that orbit the earth and five ground stations to monitor and manage these satellites.

By

transmitting exact time and position (latitude, longitude and altitude) information, with a GPS
receiver one can determine their location anywhere on the Earth (GPS Store, n.d.).
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military and include public safety officers, commercial pilots, hunters and anglers to list a few.
As one example of civilian application, GPS has been utilized by fire service departments in the
U.S. for a variety of tasks.

In Pennsylvania, for example, the Adamsburg Volunteer Fire

Department currently utilizes GPS to aid life flights by having ten predestination zones for
helicopters providing evacuations in times of emergencies.

By identifying landmarks and

potential landing areas, helicopters can land safer and in a more timely manner, allowing quicker
evacuation of injured persons (Smith, n.d.). As a second example, the Euless Fire Department,
Texas relies on GPS to accurately collect data on all fire hydrants with the city. This data
includes not only latitude and longitude coordinates of the hydrant, but also year of manufacture,
make, general condition, maintenance records and blue reflector verification (Allen, 2000). In
addition, GPS has assisted Euless F.D. in locating automobile crashes, brush fires and lost
individuals (Smith, n.d.). The fire service also utilizes AVL and GPS systems to aid in the
dispatch and assignment of medic units in cities as large as Baltimore, Maryland (Baltimore Fire
Department, 2002).

To meet such needs to a diverse group ranging from military personnel to emergency services to
weekend warriors, GPS offers two levels of accuracy. For non-military applications, accuracy is
within one to three meters. For military applications, this encrypted much more precise level is
accurate to less than one meter (GPS Store, n.d.; Jones, 1994; Jones & Davis, 1998; Kilory,
1994; Siuru, 1997; White, 1995).
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AVL’s utility to law enforcement administrators stems directly from the fact that AVL allows all
such equipped vehicles to be accurately monitored as to their location. This monitoring can
accurately pinpoint a vehicle within three feet (Dees, 2000; GPS Store, n.d.; Jones, 1994; Jones
& Davis, 1998; Kilory, 1994; Siuru, 1997; White, 1995). This information is available in real
time and when incorporated with mapping programs can display all static and moving vehicles in
an easily understood visual form. For law enforcement administrators, this enables them to
know the exact location of their available resources. Currently, a law enforcement officer may
be assigned to a particular “patrol area” that may encompass several city blocks or several square
miles. The law enforcement administrator may know the officer is in the assigned area, but not
know exactly where.

AVL enables the administrator to make command decisions with

confidence now provided with more accurate information than was available prior to AVL
(Kilroy, 1994; White, 1995).

The main anticipated benefit of AVL was to allow officers to quickly and decisively establish a
perimeter around a particular location and secure an area. By integrating AVL with mapping
programs, telecommunicators and administrators can view the displayed perimeter and quickly
determine if any gaps exist to allow infiltration of the perimeter (Jones, 1994; Jones & Davis,
1998; Public Works, 1994). Telecommunicators and administrators can more quickly close any
perimeter gaps that may exist by moving available resources to the problem area. Again, exact
locations available in real time provide administrators and telecommunicators with the necessary
information to make decisions rapidly in a rapidly changing environment.
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Such information is also helpful in non-emergencies. An officer may be patrolling an assigned
area and be dispatched to a non-emergency call for service on the edge of the assigned patrol
area. While the call may be in the officer’s patrol area, that officer may or may not be the closest
officer to the call. The telecommunicator will have the ability to view all vehicles and quickly
determine that the officer in an adjoining patrol area is actually much closer to the call for
service (Jones & Davis, 1998; Public Works, 1994; Siuru, 1997). That telecommunicator can
then assign the call to the other patrol officer, thus decreasing the time the caller waits for an
officer.

In addition to being more responsive to the caller, the length of time out of service is decreased
to the agency (White, 1995). The one officer did not have to travel across the patrol zone to
handle the call. This reduces wear and tear on patrol vehicles by decreasing unnecessary travel,
and saves on fuel usage. AVL also allows administrators and telecommunicators to ensure that
officers are in their assigned patrol areas and are being operated properly. AVL information can
also be automatically sent to supervisors by the tracking unit when certain parameters have been
met, such as the emergency lights and sirens have been activated or when the vehicle has
exceeded the posted speed limit (Jones, 1994). In agencies that allow officers to take their patrol
vehicles home, AVL can be utilized to ensure the vehicle is where it is supposed to be at all
times since it has the ability to record detailed information about the vehicle while gathering
accurate location information (Ralston, 1999; White, 1995). It can determine if the vehicle is
located at the assigned officer’s residence when the officer is off duty and not subject to call.
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AVL integration with advanced operating systems further allows telecommunicators and
administrators to monitor engine sensors that continuously monitor operating parameters such as
temperature, shock and engine wear (Jones & Davis, 1998; Siuru, 1997). This would allow
administrators to anticipate failures before they occur, reduce lost productivity to vehicle
troubles and reduce costs by having the ability to correct smaller problems before they become
catastrophic vehicle failures (Kilroy, 1994; Siuru, 1997). While components of the overall
utilization and impact of AVL on law enforcement, these additional benefits of AVL are not
examined in this study, the more pertinent impact of AVL on response time being the focus.

Due to the potential and demonstrated benefits from AVL discussed above, there has been an
increase in the number of law enforcement agencies adopting these systems in recent years.
Having technology of this type can raise several issues however, both positive and negative. For
a law enforcement agency such as ASPD, for example, AVL technology may assist in reducing
operating expenses by allowing the agency to provide services in a more efficient manner.
Another consideration of this technology implementation is that it may allow a department to
reduce the number of personnel in the patrol division thus negatively impacting the livelihood of
officers as well as overall officer morale.

This technology may produce a “big brother”

department culture in which officers feel that the administration is watching over their every
move. This same technology that allows others to view their location at all times can also have a
positive impact on officer safety – allowing officers to come to the aid of another in times of
trouble when it may be difficult to radio in an exact location such as following patrol car
accidents.
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With agency adoption of AVL systems increasing and many unanswered questions remaining
about its impact, this study looks to examine and answer one specific question which underlies
the community policing hopes for AVL: Does AVL have a positive impact in reducing law
enforcement response time to calls? If the answer is yes, then citizen satisfaction can be possibly
improved as a result. If the answer is no, then a basic off-cited reason for AVL is invalid.
Surprisingly no one has attempted to empirically answer this question.

To determine if AVL has a positive impact on reducing law enforcement response time to calls
for service, Altamonte Springs Police Department, FL (ASPD) computer aided dispatch (CAD)
data from years 1999 to 2003 was analyzed.

AVL was first utilized by the ASPD

communications center in February 2002 and implemented in its final form in February 2003.
CAD data received from ASPD for years 1999 through 2003 was categorized by date received,
time, how received (radio, phone, mobile, 9-1-1, walk in, or unclassified), priority (1, 2 or 3),
time dispatched, time on scene and time complete. From this data, the difference between time
dispatched and time on scene was computed and reported in hours, minutes and seconds
(0:00:00). This research project compared this time computation (difference between time
dispatched and time on scene) and call priority assignment over a period of five years to
determine if AVL had a statistically significant impact on response time to calls for service.
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LITERATURE REVIEW
Introduction
By 1984, researchers had already published the definitive works on law enforcement response
time to calls for service. With the release of The Kansas City Preventive Patrol Experiment in
1977 and the 1984 publishing of “Calling the Police: Citizen Reporting of Serious Crime”
researchers’ focus indicate a redirection away from this topic. When these studies which were
perceived as “definitive” on the topic appeared in the research literature, further published
research on this topic effectively ceased (E. Paoline, personal communication, October 31,
2005).

A search for peer reviewed literature on the subject confirmed Paoline’s observation.

However, while researchers appear to have abandoned the topic, law enforcement administrators
did not. Administrators implemented new technologies with the goal of having positive impacts
on service provision to their communities. These new technologies, as well as practices such as
community policing, demand researchers reopen the topic of law enforcement response times to
calls for service to determine if administrators are meeting their intended goals.

Response time, for the purposes of this project, is operationalized as the amount of time between
when an officer received a call from dispatch and the time when the unit contacted the involved
citizen. This time difference is displayed in the Figure 1 as the difference between T5 to T6.
Studies by Kelling, Pate, Dieckman and Brown (1974) and Spelman and Brown (1984) also
focused on this area of response time, the difference between T5 to T6.
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When measuring citizen satisfaction with response time, as explored by Percy (1980) and the
International City/County Management Association [ICMA] (1997), the time taken into
consideration included time spent reporting the incident to dispatch (T4) combined with patrol
unit response time (T6). Law enforcement administrators who are searching for new ways to
positively impact their communities need to reexamine this topic. Researchers must reopen law
enforcement response times to calls for service as a topic of exploration.

The Dismissal of Police Response Time

Considered to be one of the few major social experiments ever attempted, The Kansas City
Preventive Patrol Experiment (Kelling, Pate, Dieckman & Brown, 1974) was aimed at exploring
the actual job of the municipal police officer.

Chief Kelley of the Kansas City Police

Department (KCPD), Missouri, stated in 1971 that KCPD was, “… training, equipping, and
deploying men to do a job neither we, nor anyone else, knew much about.” In 1972, KCPD
undertook a comprehensive experiment to analyze the effectiveness of law enforcement patrol.

The basis of the study design revolved around three levels of routine patrol assigned to fifteen
preselected patrol zones. These levels were reflective of the level of patrol service. “Reactive”
areas received no routine patrol. Law enforcement officers entered into reactive areas only in
response to calls for service thus reducing visible law enforcement presence. “Proactive” areas
received an increase of visible law enforcement presence two to three times normal patrol levels.
This was achieved through reassignment of routine patrols from the reactive areas to the
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proactive areas to complement those patrols already assigned to the proactive areas. “Control”
areas received no increase or decrease in law enforcement visibility or presence. The control
areas maintained previously established levels of service. (Kelling et al., 1974)

Conducted from October 1, 1972 to September 30, 1973, researchers measured the effects of the
experimental conditions on crime, a victimization survey, departmental reported crime,
departmental arrest data and a survey of businesses. Of interest for this study was the response
time survey recorded between May and September 1973. This survey measured the time taken
by responding officers to calls for service, as displayed in Figure 1 as the difference between T5
to T6.

Researchers reported no statistical significance between level of patrol service and

response time as reported by citizen and observer responses on the response time survey.
(Kelling, et al., 1974)

Researchers also discovered that the amount of time taken by patrol units in responding to calls
for service was not significantly affected by assigned level of patrol service. Researchers
examined data measuring, distance from police car to incident, mean time from receipt of call to
start of call, and mean time from receipt of call to arrival at scene. Researchers examined 42
criteria for comparison and found no statistical significance between level of patrol service and
response time. In their analysis, only the category of “Number of other officers present at
incident scene” displayed any statistical significance to the assigned level of patrol service.
(Kelling, et al., 1974)
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Were the findings of the Kansas City Preventive Patrol Experiment applicable to other agencies
in the United States? This is the question Spelman and Brown explored in their work Calling the
Police: Citizen Reporting of Serious Crime.

Published in 1984, Spelman and Brown’s work

focused on the cities of Jacksonville, FL, Peoria, IL, Rochester, NY and San Diego, CA.
Selected due to their diversity of population, region and law enforcement agency characteristics,
Spelman and Brown tracked Part I uniform crime report (UCR) crime data (burglary, robbery,
aggravated assault, motor vehicle theft, larceny and sexual battery) in these cities between April
21, 1979 and January 15, 1980. In addition to this crime data, interviews were conducted with
over 4000 victims, witnesses and bystanders involved in/with approximately 3,300 Part I UCR
crimes.

Spelman and Brown’s data support the earlier findings of Kelling, Pate, Dieckman and Brown.
Using the same definitions as used in the Kansas City study, Spelman and Brown found that
citizen reporting time (T2-T4) and not law enforcement response time most affects the odds of an
on-scene arrest. In addition, the Kansas City finding that efforts to reduce law enforcement
response time to calls for service have no substantial impact on arrest rates was supported. In
only 2.9 percent of reported serious crime in these selected cities could an arrest be attributed to
rapid law enforcement response to a call for service.

Spelman and Brown attribute this low

number to the circumstances of two categories of crimes – discovery crimes and involvement
crimes.
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Discovery crimes are those crimes that are discovered after they have occurred and in which the
offenders had time to leave the scene without law enforcement interference (Spelman and
Brown, 1984). Thus, police response time is irrelevant to arrest. Involvement crimes are those
in which the victim is directly confronted by the offender (Spelman and Brown, 1984). This
confrontation eliminates the ability of the offender to leave the scene without interference. Of
reported crimes, Spelman and Brown indicate approximately 25% of reported serious crime fall
into the category of involvement crime. Therefore, in only a relatively small portion of reported
crime can a rapid law enforcement response have a potential positive correlation in regards to
on- scene offender arrest.

Citizen Delay and the Reporting of Crime

Citizen delay reporting of discovery crime, from the time the crime was discovered to the time
law enforcement dispatch was contacted (T2 to T4 in Figure 1), averaged slightly more than 10
minutes in the studied cities. This is a substantial delay of twice the magnitude when compared
to citizen delay in reporting involvement crime, which was about 5 minutes. Thus, both the
Kelling, Pate, Dieckman and Brown study and the Spelman and Brown study indicate that based
on the technologies and practices of the 1970s and early 1980s to impact on-scene arrests of
offenders it is more important to reduce citizen delays in reporting than to reduce law
enforcement response time to calls for service because one quarter of crimes are involvement
crimes and the time delay is much greater for citizens than for the police.
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Since the publishing of the Spelman and Brown study in 1984, several advancements in law
enforcement practice and technology have the potential to have a positive impact in improving
law enforcement and citizen response times. The practice of community policing coupled with
technological advancements in the areas of 9-1-1 and cellular wireless technologies have enabled
US residents to contact law enforcement seemingly instantaneously. This was not present at the
times of these earlier studies. These practices and implementations, discussed further in this
literature review, have the potential to impact the area of response time to law enforcement calls
for service.

Irrespective of the relationship between police response time and on-scene arrest rates, the
response time that law enforcement officers have to calls for service has always been important
to citizens calling for police services. Not surprisingly with the findings reported in the prior
research literature suggesting that police response time is irrelevant, improving response times
for many law enforcement calls has not always been a number one priority for law enforcement
administrators (Percy, 1980). Even when agencies desire to minimize response times, officers
may not be familiar with their patrol area and can experience problems in finding addresses.
Another issue for law enforcement officers is that distrustful residents wait longer before they
call the police, (Percy, 1980). According to Kevin Duffy, former director of APCO Institute and
noted 9-1-1 expert, the hearing impaired community, for example, calls each other prior to
calling law enforcement for assistance in law enforcement matters (Eckert, 1995; K. Duffy,
personal communication, December 31, 2005).
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Citizen Satisfaction and The Reemergence of Police Response Time - Why Police Response
Time is Important to Administrators
Historically, attempts to improve police performance have included attempts at decreasing
response time (Percy, 1980). Percy explored the relationship between response time and citizen
perception of with police service. During the summer of 1977, data was collected in the three
metropolitan areas of Rochester, NY, Tampa-St. Petersburg, FL and St. Louis, MO.

In these

three areas, 60 neighborhoods served by 24 police agencies were selected by analysis as part of
the Police Services Study conducted by the Workshop in Political Theory and Policy Analysis at
Indiana University and the Center for Urban and Regional Studies at the University of North
Carolina at Chapel Hill.

A generalized citizen survey yielded over 12,000 interviews.

Approximately 200 interviews were conducted in each of the 60 neighborhoods. Administered
by telephone, the survey contained a series of victimization sections, including questions directed
to the topics of how the police were notified, response time and overall satisfaction with the
police action (Percy, 1980). Actual response time to calls for service was not analyzed.

Percy (1980) identified that general citizen perceptions of response time were strongly related to
the overall satisfaction of police services. Indeed, response time was determined to be the
strongest predictor of citizen satisfaction with police actions. In addition, perceived individual
officer actions, such as did the officer do what the citizen perceived should be done regarding the
particular call, were shown to have a strong impact on citizen ratings of police response. Percy’s
findings on citizen satisfaction shown response time and officer action to be areas that police
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agencies can both influence and have the greatest impact on overall citizen perception of police
service (1980).

16 years later in a study conducted in California during 1993, citizen perception of response time
again was demonstrated to have an impact on citizen satisfaction with police service. Citizens
have overwhelmingly ranked responding to emergency calls for service as the number one
priority of police services. Of Long Beach residents surveyed in California during 1993, 56%
ranked response time number 1 with another 23% ranking it either second or third of importance.
In total, 79% of responding residents ranked response time to all calls for service as the top three
priorities of police service.5 Response to emergency calls for service was identified as the most
important priority for responding citizens of Long Beach, California (International City/County
Management Association [ICMA], 1997).

With so much weight placed upon response to

emergency calls for service by citizens, should improving response time to such calls for service
improve police citizen relations?

5

Other ranked categories included, but were not limited to, gang activity, crimes against persons

investigations, drug activity, patrol services, injury crash investigation, crimes against property
investigations, and responding to non-emergency calls.
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Call Priority Levels

Calls for service to law enforcement agencies are classified from the most basic level into two
distinct categories, emergency and non-emergency calls for service, to more complex call
classification systems with over ten distinct categories (Eckert, 1995; K. Duffy, personal
communication, December 31, 2005).

ICMA (1997) simplified call classification into two levels, emergency and non-emergency when
it surveyed Long Beach residents in 1993. It is interesting to note the focus Long Beach
residents placed on response to emergency calls for service over response to non-emergency
calls for service. Much like law enforcement places a priority on emergency calls, it appears the
public does so as well. Law enforcement prioritizes calls for service based upon the seriousness
of the offense and the type of response required.

APSD utilizes a three-tiered response system to calls for service (ASPD, 2001). Priority 1 calls
require an immediate response and are classified as an emergency call for service. These calls
are those which pose an immediate threat to life, the potential of violence in imminent, those in
which a suspect is still on scene or where there is a likelihood of immediate suspect
apprehension.

Types of Priority 1 calls are arson, 9-1-1 hang-ups, auto theft in progress,

kidnapping just occurred or in progress, and domestic violence.

Priority 2 calls are non-

emergency calls for service and are calls that a delay in police response will not likely result in
further injury, loss of property or a negative impact to an investigation. Priority 2 calls include
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non-injury traffic crashes, disabled vehicle in the roadway, disturbance, fraud, obscene phone
calls, and shoplifting. Priority 3 calls are those that a delay in response will not adversely impact
an investigation, no change in physical evidence is expected, there is no suspect, no caller is
waiting or it is to follow up an over with incident. Examples of Priority 3 calls include city
ordinance violations, barking dogs, found property, providing security for a business while
employees dump trash, tobacco law violations, and to assist a citizen.

It is important to note that law enforcement agencies may classify calls differently based upon
community needs/demands, agency resources, changing priorities and hardware/software
capabilities.

Multi-tiered systems range typically from a three-tiered response system to calls

for service utilized by ASPD to a ten-tiered system utilized by the Philadelphia Police
Department, PA in the 1990s (Eckert, 1995; K. Duffy, personal communication, December 31,
2005). The number of tiers in place at an agency is typically related to the computer aided
dispatch (CAD) hardware and software utilized by that agency. CAD manufacturers design their
hardware and software systems based upon their criteria and then market these systems to
agencies. When agencies adopt a CAD system from a particular vendor, agencies then work
within the parameters set by the hardware and software of the system to develop their particular,
multi-tier response protocol tailored to their agency and community. If that particular CAD
system is a three-tier response classification, the agency then alters its response system to a
three-tier response system. If that particular CAD system has a five-tier response classification,
the agency then alters its response system to a five-tier response system.
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Categorizing particular call classifications, placing call types in a particular tier, is an
administrative issue on an agency basis at the implementation of a particular CAD system.
Based upon community needs and demands, agency resources and changing priorities,
administrators place particular call types in a particular tier. This creates different call priority
levels for the same call at different agencies. While many of the agencies in the U.S. would
classify a burglary in progress as a high priority call, agencies may classify a barking dog call
differently with some classifying it as a low priority tier, some a medium priority tier and yet
others as a no priority/no response tier (Eckert, 1995; K. Duffy, personal communication,
December 31, 2005).

In personal discussions with officers over the years on the topic of priority assignment and
response time, trends have emerged in officers’ thinking. Priority 1 or emergency calls are
viewed as “hot” calls typically involving “action”. These are the crimes in progress calls that
officers view as the calls they want to handle or the reason they got into law enforcement in the
first place. Because of this, when a Priority 1 call is dispatched to a primary and a secondary
unit, other units who happen to be close or in the area will instinctively respond to assist.
Priority 2 calls are those calls that require a law enforcement response – however not an
emergency response. With Priority 2 calls typically if another unit is closer to the scene than the
dispatched unit, the closer unit will advise the communications center that he or she is closer and
will pick up the call for service. Priority 3 calls are often viewed by officers as petty calls.
Officers typically feel as if another agency or department within government may be better able
to handle this or the officer may have a “who cares – it’s a civil matter” attitude to these types of
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calls. These calls are often viewed as a “bothersome task” that unfortunately goes with the job.
As agencies place a lower priority on Priority 3 calls, officers are more than happy to go along
with the agency’s lead and place a very low priority on these calls. Typically officers will allow
such a call to “sit” and not be addressed if other matters, any other matter for instance, can be
found to occupy the officers’ time. As all officers in the area typically respond to Priority 1 calls
and officers will avoid responding to Priority 3 calls, the greatest impact is expected to be
detected with Priority 2 calls for service.

A search for peer reviewed literature on officer

attitudes to specific priority based calls for service determined this topic has not been explored.

Community Policing

Just as different agencies utilize different priority tiers due to agency and community needs,
demands, resources, etc., communities have different expectations, demands, resources and
wants in regards to law enforcement services. Community policing is a partnership between law
enforcement and the community to demand the particular needs of community and the agency.
The police agency will work with the community in an attempt to meet and/or exceed
community wants, needs and changing priorities. In many communities, this involves putting an
officer or officers into a neighborhood or designated area of the city on a permanent assignment
instead of just sending that officer wherever they need to go on each specific call that comes in.
Community policing is not a novel idea. It is done in other countries and it has been done in the
past in the U.S. during the emergence of policing in the 1800s, it just was not called community
policing. Once the officers are in the neighborhood, they spend time there, patrolling and
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watching to see what kinds of things are going on in the community. Being close by can help to
improve their response times (Anderson, 1990; Bittner, 1990). They stay on that assignment
indefinitely, and the people of the community get to know those particular officers. Many
people are distrustful of police officers even if they have not done anything wrong; as time goes
on they begin to get more comfortable with those particular officers that they see every day.

If citizens feel comfortable, safe and protected by the police, they will likely turn to them in
times of need instead of just assuming that the neighborhood criminal is not their problem as
long as he or she leaves them and their family and belongings alone. Some people are not
comfortable talking to a police officer who the residents have never seen before, but they are all
right in dealing with the police officer who is always on patrol during a certain time each day in
their neighborhood (Manning, 1998). By using community policing methods, the police get to
know the neighborhood and the people in it, and the people get to know the officers. If they are
not friends, they are at least acquaintances or familiar strangers. This can aid the prevention of
crime and the comfort and safety levels of both citizens and police, and it also helps police to
know the neighborhood better and therefore be able to respond to calls more quickly (Chiricos &
Delone, 1992).

Community Policing and Response Time

Improved response time can provide the residents a higher feeling of security. This in turn can
allow the police to get more information from them about suspected criminals in the area by
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improving the police-community relationship. When the neighbors feel comfortable confiding in
a police officer about some of the things they have seen go on in the neighborhood, the agency
has gained a valuable tool in the fight against crime. Without the help of residents, little work
gets done. Community policing is designed to be a team effort between police and residents to
increase not only the response time when the police are called, but also the willingness of the
residents in the community to contact the police if they need them. If an AVL system can
improve officer response time to calls for service, then it can have a positive impact on citizen
perception of the officer and the agency (ICMA, 1997). If AVL can demonstrate a reduction in
response time, it can make a positive contribution to community policing – from agency, officer
and citizen perspectives (ICMA, 1997).

Community policing has become more popular in recent years as police agencies around the
country strive to make communities safer, and their officers more trusted and understood. One
component of community policing is citizen satisfaction with police service. Citizens evaluate
satisfaction based upon police response to calls for service (ICMA, 1997). As agencies work to
improve the response times that they have for calls, they influence the perceptions of those they
serve (Clark, 1975; Isaac & Kelly, 1981; ICMA, 1997). Agencies are looking for ways to get
their officers out into the community and get the citizens used to seeing police officers patrolling
the streets in the hopes that not only will crime go down, but citizen comfort around police
officers will go up. The intent is to make citizens much more likely to report criminal activity
that they are aware of, and therefore improving the police response to problems in a particular
neighborhood. It is expected that if citizen comfort with the police is increased, citizen delay in

28

reporting of criminal activity from the time of discovery to the time dispatch was contacted (T2
to T4 in Figure 1) would be reduced (Spelman and Brown, 1984).

According to Chief Merchant of the ASPD, by improving response times that police have to calls
for service, agencies hope to have a positive impact with its customers and citizens through
community policing (R. Merchant, personal communication, June 17, 2005). As citizens have
overwhelmingly ranked responding to emergency calls for service as the number one priority of
police services (ICMA, 1997), and automatic vehicle locator systems (AVL) utilized by law
enforcement officers are at least partially adopted to decrease response time, the relationship
between AVL and response time needs to be explored. If AVL can have a positive impact on
improving officer response time to calls for service, it should also have a positive impact on
community policing and customer satisfaction with the law enforcement agency. This should
lead to, in turn, improved citizen reporting time, T2 to T4 in Figure 1, and an actual increase in
crime solving (Kelling et al., 1974; Spelman & Brown, 1984). The first link in the expected
causal claim, the reduction in officer response time by AVL, has not been empirically examined.

One of the key strengths of community policing is that it increases the satisfaction that citizens
have with the police in their neighborhood (Manning, 1998). Citizen satisfaction with the police
is very important to law enforcement administrators. Greater satisfaction with the police
department means fewer citizen complaints that have to be dealt with and fewer hassles for
police chiefs and others in power who have to make some tough decisions. This also leads to
fewer problems for police officers on the street who do not like to be a sounding board for
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citizens who are unhappy about something that another police officer might have done last week
or last year in that same neighborhood (Chamlin, 1990). Satisfaction with the police department
also goes up when neighbors know that the same officers are going to be around the
neighborhood all of the time, especially if those officers are well liked by most of the members
of the community, and when officers responds to calls for service in what the citizen perceives to
be a timely manner (Chamlin, 1990). AVL can also aid the officer in locating addresses quicker,
responding to calls more efficiently, establishing perimeters to contain crime scenes and
emergency incidents as well assisting the officer in responding to citizen questions as reference
documents can be included in the AVL system for officers to utilize (VisionAIR, 2000). These
improvements can lead to increased citizen satisfaction with police services and thus improved
police-community relations.

The crime rate, including violent crime, usually goes down in an area that has community
policing. One contributing factor is knowledge that police will respond in a timely manner
(Manning, 1998). When they are aware that police are in the neighborhood, there is an increased
likelihood of getting caught in the act if they commit a crime, so they tend to go somewhere else
to attempt crimes. When community policing is practiced over an entire city, then the agency
may be successful in displacing crime out of its jurisdiction. That is not to say that community
policing totally stops crime. It may have a positive impact on the crime rate within a given
jurisdiction. This is a sufficient reason to explore community policing practices and tools for
utilization by all law enforcement agencies.
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AVL and Community Policing

Proponents of community policing say that the objectives are being met, but they do not really
have any concrete evidence to back it up, other than the fact that the crime rate is down, which
opponents will argue is because of the fluctuations in the crime rate that are naturally occurring
and part of a cycle. (Kappler & Gaines, 2005). Truthfully, there is little evidence to say whether
community policing actually meets any of its objectives, primarily reducing the time that law
enforcement officers take to respond to a call. This research project will address the question of
whether AVL response time has the potential to forward community policing goals. To answer
this question, first the empirical ability of AVL to reduce response time must be examined. To do
so, this project will analyze computer aided dispatch (CAD) data from the Altamonte Springs
Police Department, FL (ASPD).

Technology and Response Time

As reported by Spelman and Brown (1984), citizen delay reporting of discovery crime, from the
time the crime was discovered to the time law enforcement dispatch was contacted, averaged
between 10 minutes and 10 minutes 30 seconds in the studied cities. There is a substantial
difference when compared to citizen delay in reporting involvement crime, which was between 4
minutes and 5 minutes 30 seconds.

Thus, citizen delay in reporting discovery crimes is

approximately double that of citizen delay in reporting involvement crimes. As previously
stated, both the Kelling, Pate, Dieckman and Brown study (1977) and the Spelman and Brown
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study indicate that to have a positive impact in the area of on-scene arrest of offenders it is more
important to reduce citizen delays in reporting as compared to improving law enforcement
response time to calls for service.

A subcomponent of the Spelman and Brown study into why citizens delay in reporting crime
focused on communications problems. Spelman and Brown indicated that 23 percent of those
who reported crime to law enforcement did not know the police telephone number.

It is

important to emphasize that this is of those who actually called law enforcement. It does not
take into account those who desired to call the police but failed to due to the inability or desire to
locate the police telephone number. This would lead one to speculate that a number of crimes
were not reported due to not knowing or finding the police telephone number and thus
decreasing citizen satisfaction with police services. Spelman and Brown also indicated other
communications related problems such as encountering, “…a pay phone out of order; not having
change for a pay phone; the caller may have dialed the wrong agency by mistake…” Modern
technological advancements, such as a national emergency number and cell phones, have
alleviated these issues.

National Emergency Number: 9-1-1

The National Emergency Number Association (NENA) states that in 2005 approximately 99
percent of the U.S. population is served by a 9-1-1 system (2005). The national 9-1-1 emergency
system/number is something that was not readily available to all U.S. residents when both the

32

Kelling, Pate, Dieckman and Brown (1977) and the Spelman and Brown (1984) studies were
conducted.

By 1979 approximately 26 percent of the U.S. population had 9-1-1 service.

Although 9-1-1 implementation was growing at the rate of 70 new emergency numbers system
annually, it would take another eight years, 1987, to have 50 percent of the U.S. population
served by a 9-1-1 system. At the close of the 1990s, approximately 93 percent of the U.S.
population was served by a 9-1-1 system.

During the time of the Kansas City Preventive Patrol Experiment and the Spelman and Brown
study, approximately 74 percent of the U.S. population wanting to call local law enforcement
had to dial a seven digit phone number for the particular agency they sought. Much like each
individual home has a unique telephone number, many of the agencies in the U.S. had a unique
telephone number. An individual had a few options prior to dialing the local law enforcement
agency. The individual could memorize the telephone number, the individual could have the
telephone number located on or near the telephone, the individual could dial “0” for the operator
and request the police, or the individual could take the time to utilize the telephone book to look
up the individual number. These all contributed to a delay in citizen reporting of an incident. It
is quicker to dial just three numbers compared to seven, as well as decrease the chance of
misdialing. Individuals had to rely on an operator to transfer the call to the proper agency and
often would have to explain the incident at least twice – once to the operator and again to the
dispatcher.
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With the widespread implementation of the 9-1-1 system, the vast majority of the U.S.
population, from elementary school age children to the elderly, knows the emergency telephone
number for over 17,000 law enforcement agencies in the U.S. (BJA, 2005). There is no delay in
seeking the emergency number. There is no delay in attempting to recall the seven digit agency
telephone number. With the implementation of community policing, law enforcement agencies
are encouraging its citizens to notify the agencies when something suspicious is observed. From
the first 9-1-1 call in 1968 to 99 percent 9-1-1 coverage of U.S. population in 2005 (NENA,
2005), the 9-1-1 system represents a major cultural shift in law enforcement communications in
less than 40 years. The impacts of this cultural shift were not taken into consideration in either
the Kansas City Preventive Patrol Experiment and the Spelman and Brown study as the
innovation did not exist at that time.

Cell Phones

Another major technical innovation has proliferated since the Kansas City Preventive Patrol
Experiment and the Spelman and Brown study. With full wireless service implemented during
1984, the Cellular Technology Information Association (CTIA) indicates during 1985 530
wireless 9-1-1 calls were made daily. In less than 20 years, this number would increase 34,496
percent to 198,729 wireless 9-1-1 calls made on a daily basis (CTIA, 2005). With 194.5 million
subscribers to wireless service in the U.S. representing over 65 percent of the U.S. population,
wireless service, not even available during these studies, has saturated the U.S. This saturation
has impacted the communications related problems identified by Spelman and Brown such as
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encountering, “…a pay phone out of order; not having change for a pay phone…”when seven
digit dialing was required and a free 9-1-1 call was not an option (1984). This proliferation of
wireless service has enabled over 65 percent of the U.S. population to be in direct contact with a
law enforcement agency seemingly wherever they are, whenever the need presents itself.

Most residents of the U.S. currently have the ability to summon law enforcement immediately
when the need arises and calls to the police during a crime in progress are not uncommon. With
this instantaneous ability to summon comes the desire for instantaneous law enforcement
response among citizens. Referring to Figure 1, law enforcement response time today is more
important then citizens report time which has been reduced to zero. The only factor in the citizen
deciding to call decision is limited to prior citizen satisfaction which is in turn linked to prior
police response time. While law enforcement officers and administrators are aware that response
time has little impact on the outcome of a call for service, U.S. residents evaluate the quality of
service by the rapid response to calls for service by their law enforcement agency (Spelman &
Brown, 1984). So while response time to calls for service has little impact in a court of law, it
has a major impact in the court of public opinion.

Summary

For practical purposes, researchers abandoned the topic of response time to calls for service in
the early to mid 1980s. This is unfortunate in that since that time, law enforcement in the U.S.
has experienced major operational changes associated with community policing theory.
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Additionally, U.S. residents have experienced major technological advancements in how they
contact law enforcement in times of need. With the large scale implementation of 9-1-1, which
covered only 26 percent of the population in 1979 and increased to 99 percent in 2005 (NENA
2005). Most U.S. residents now have the ability to contact law enforcement instantaneously.
This capability was not available until the mid 1980s. These widespread changes demand that
researchers reopen law enforcement response times to calls for service as a topic of exploration.

As an initial partial response, the impact of automatic vehicle locator (AVL) systems on response
time to law enforcement calls for service will be examined across 3 priority call levels. The
views of law enforcement officers also need to be explored to increase the breadth and depth of
information regarding response time, the AVL system and its use in criminal justice. The
findings of this exploration will assist law enforcement administrators by providing them with
knowledge to make informed decisions on how best to utilize AVL systems and what their
impact on their organizations and citizen satisfaction with law enforcement in their respective
communities likely will be.

Based on the prior review of literature, research questions were developed to guide this research
study. The most general research question involves AVL implementation and overall response
time to all calls for service. Does AVL impact response time for all calls for service? Subsumed
to this research question are AVL relationships to response time for the different call priority
levels – in this study a 3 tier system.
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From these research questions, four hypotheses were examined to determine the impacts of AVL
on calls for service.
Ha1

AVL implementation improves response time for all calls for service.

Ha1.1

AVL implementation will have the least impact on Priority 3 calls for service.

Ha1.2

AVL implementation will have moderate impact on Priority 1 calls for service.

Ha1.3

AVL implementation will have the greatest positive impact on Priority 2 calls for
service.

AVL is expected to have the greatest impact on Priority 2 calls for service. While these are not
the highest priority of call, these must be handled in a timely manner.

AVL can assist

communications, supervisors and officers in determining who can respond to the call the
quickest, thus handling the call in an efficient manner. Discussed previous, as Priority 1 calls are
emergency calls for service available units will instinctively respond to these calls. Thus AVL
will be expected to have only a moderate impact on these calls. As Priority 3 calls for service are
of the lowest priority at ASPD, response time for Priority 3 calls may be sacrificed in order to
improve response time to Priority 2 calls, thus an increase in response time to Priority 3 calls for
service may be detected. Based upon call volume and the impact on response time to particular
priority calls for service, overall response time to calls for service is expected to display some
improvement however not as significant as in Priority 2 calls for service.

The literature however suggests conflicting results.

While the findings of Kelling, Pate,

Dieckman and Brown (1977) and Spelman and Brown (1984) suggest that AVL will not have a
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statistically significant improvement in response time, the findings of more recent community
policing literature (Chamlin, 1990; Chiricos & Delone, 1992; ICMA, 1997; Manning 1998)
suggest an improvement in response time from the implementation of AVL should be found.
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RESEARCH METHODOLOGY
Quantitative Methods
The purpose of this project is to determine if AVL implementation improves response time to
calls for service in ASPD. Response time is the amount of time that transpires from when the
initial call for service is dispatched to a patrol unit by the communications center until the first
patrol unit arrives on the scene. This is typically reported in minutes and seconds. ASPD began
implementation of AVL in the spring of 2000 and achieved full implementation in February
2002 as displayed in Table 1.
Table 1 - ASPD AVL Implementation Timeline
April-May 2000

AVL equipment installed in all patrol vehicles

May 2000

Patrol and agency personnel are briefed about AVL capabilities

May 2000

AVL system can be utilized by patrol officers and watch commanders

May 14, 2001

AVL data utilized during an internal affairs investigation involving
officer misconduct

February 2002

Communications Center attempts to gain limited access to AVL data

February 2003

Communications Center begin to utilize AVL data when dispatching
calls for service

February 2004

ASPD began the process to transfer dispatching and communications
responsibilities to the Seminole County Sheriff’s Office (SCSO)
ASPD AVL capabilities diminished
SCSO does not have AVL capability

January 2005

Transfer was complete. SCSO providing all dispatch and
communications for ASPD
ASPD AVL capabilities ended.
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Response Time Data

In order to evaluate the impacts of AVL on response time to calls for service at ASPD, CAD data
from years 1999 to 2003 were analyzed. ASPD maintains data from which response time to calls
for service were calculated. Although certain pitfalls may be present when utilizing secondary
data (Maxfield & Babbie, 2005), the data available from ASPD has clearly defined universal
units of analysis, minutes and seconds, that are directly related to the calculation of response
time to calls for service. While human interaction may have impacted the initial input of ASPD
data, this would hold consistent for the collection of data over the five year analysis period and
would not impact the individual response times for calls for service.

Sample data from January 1999 through December 2003 was provided from ASPD. Data format
variables included date received, time, how received (radio, phone, mobile, 9-1-1, walk in, or
unclassified), priority (1, 2 or 3), time dispatched, time on scene and time complete. Data
categorized for calendar years 1999 through 2003 were available. From this data, the difference
between time dispatched and time on scene was computed and reported in hours, minutes and
seconds (0:00:00).

This research project compared this time computation (difference between time dispatched and
time on scene) and call priority assignment over a period of five years to determine if AVL had a
significant impact on response time to calls for service. Over 50,000 CAD data entries, or data
points, per calendar year were utilized. Data points with incomplete data were removed from the

40

data set. A data set was defined as incomplete when one or more of the following categories
were incomplete or blank: date received, time, priority, time dispatched and time on scene. The
absence of data in one of more of these categories causes either the inability to compute the time
difference between time dispatched and time on scene or the inability to classify the data point as
a Priority 1, Priority 2 or Priority 3 call for service.

For example, of the 4,364 data points for January 1999, approximately 413 data points, or 9.46%
of all data points, were excluded based upon incomplete data.

In addition to the above

exclusions, self initiated or officer initiated activity by ASPD personnel, such as traffic stops,
suspicious person contacts, building checks, and foot patrols, indicated by the assignment
“radio” by dispatchers in the variable “how received”, were deleted from the analysis. Other self
initiated activity by ASPD personnel not indicated by “radio” was determined by the time
difference between time dispatched and time on scene. If this value computed to zero (0:00:00),
no time difference existed between time dispatched and time on scene, officer initiated activity is
indicated. Therefore, these calls for service were also extracted from the data set. Of the 4,364
data points for January 1999, approximately 3271 data points, or 74.95% of all data points, were
excluded from the data set based upon self initiated activity.

Upon review of the entire data set, one data entry point stood out as having potentially
questionable data. A data point from a burglary reported on April 17, 2000 had a response time
of over 46 hours, 46:46:53. While the data point showed the call was dispatched on April 17,
2000 at 10:18 hours, a responding officer did not arrive on-scene until April 19, 2000 at 0905
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hours. This response time was inconsistent with both a burglary response and the response time
of ASPD in general. Based upon this inconsistency, the records supervisor of ASPD was
contacted to clarify this data point. Her findings failed to correlate with the data point in
question and determined that the call for service data was erroneous. As such, this data point
was excluded. Boxplots, also known as stem and leaf diagrams, were utilized to identify any
other outliers within the particular data sets, combined for all calls, Priority 1 data set, Priority 2
data set and Priority 3 data set. Values identified as outliers, 1.5 times the distance of lower and
upper hinges, and extreme values, 3.0 times the distance of lower and upper hinges, were
examined. These calls for service, while identified as outliers and extreme values, were found to
be correct representations of actual calls for service and were retained.

Noting that data points with incomplete data are not mutually exclusive from self initiated
activity data points (a data point of self initiated activity may not have complete data), they could
be deleted due to deficiency in either area. Thus, continuing with the January 1999 data, the
remaining data points after all appropriate calls for service were established, approximately 20%
of the original data were retained and analyzed to determine if AVL implementation improved
response time to calls for service in ASPD. These represent calls for service at ASPD and are
able to fully represent ASPD’s experience with AVL and response time. In agencies with similar
size and demographics of ASPD, 80% of all calls being officer initiated are typical (Eckert,
1995).
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Data for years 1999 through 2003 followed the previous process as described in order to obtain
an appropriate sample for data analysis. This reduced the approximately 625,000 data points to
approximately 125,000. These 125,000 calls for service of priority and response time were
compared over a time period of 60 months to determine if AVL implementation improved
response time to calls for service in ASPD. In order to examine response times as weekly
averages, from the remaining 125,000 calls for service, a new variable, weekyear, was created
with the first week of 1999 coded as 9901, the second week as 9902, third as 9903, continuing to
the last week of 2003 as 0353.

All call data occurring during the first week of 1999 was assigned the new variable value “9901”
for week year and appropriate week year values were applied to all weeks for 1999, 2000, 2001,
2002 and 2003 respectively. As all dates with a year did not fall exclusively within 52 weeks,
each data year had 53 weeks. This resulted in 265 weeks of data for the final five year data set.
Response times were averaged by week and the weekly averages listed chronologically.

Based upon the hypotheses, new aggregate time series data sets were compiled with response
time recorded as the average response time per week per specific priority call category displayed
in seconds. This yielded four new data sets, one for all calls for service and three by specific call
priority (Priority 1, Priority 2 and Priority 3). Additionally based on their prevalence, five
specific individual call data sets were also created to check for AVL effects concentrating in
single specific types of calls - one each for Priority 1 alarm calls, Priority 3 assist calls, Priority 2
crash calls, Priority 2 disturbance calls and Priority 2 suspicious person calls. As examination of
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these individual call data sets did not contribute any substantial different findings, the analysis
results of these five specific calls for service can be found in the Appendix F through K. Each of
the four remaining data sets contained the average response time for each week starting with the
first week of January 1999 and with the last week of December 2003 for calls for service. The
syntax utilized for the data analysis for each of the nine data sets can be viewed in Appendix A.
The first step in the analysis of each of the data sets was an initial sequence chart of weekly
response time averages. This provided a visual representation of average weekly response times
over the entire five year data period, with indicator breaks placed to identify Stage 1 - the pre
AVL implementation period (up to week 164), Stage 2 - the partial AVL implementation period
(week 164 to week 216), and Stage 3 - the full AVL implementation period (week 217 to week
265). This visual representation enables the examination for gross trends in response time based
upon the response time mean for each AVL implementation stage.

Next, to empirically determine the shifts in average response time over the three stages, an
analysis of variance (ANOVA) was completed on each particular data set. As the hypotheses
imply direction of change, a reduction in response time, a one tailed significance test was
employed.

Third, linear regression was utilized to examine trend changes in the weekly average response
time for each stage. Regression residuals were examined for assumption violations via
histograms to determine if they were normally distributed, normal probability plots to test for
linearity, and residual scatterplots to determine if their distributions displayed skewness, kurtosis,
44

heteroscedasticity and constant variance. Customary casewise diagnostics also identified
potential outlier weeks. The calls for service that were the underlying sources of the weekly
outliers were then deleted in the data set prior to final analysis.

Qualitative Methods
While the data CAD provides a quantitative assessment of the AVL data, it does not take into
account the impacts and perception of AVL on the ASPD personnel. With the goal of not only
empirically assessing AVL’s impact on response time but also to understand that impact, or lack
thereof, a limited number of interviews of ASPD personnel were completed. These interviews
were organized around six open ended questions aimed at increasing understanding of the
perceived utilization, feelings, benefits, drawbacks, positive experiences and negative
experiences surrounding the AVL system. This format supplemented the quantitative analysis
and allowed respondents to provide insight and examples from their experiences with the AVL
system.

Chapter 4 will first present the quantitative findings of the calls for service analysis for the four
data sets of all calls for service, Priority 1, Priority 2 and Priority 3 calls. Their analysis is
followed by a summary of the ASPD personnel interviews. The combined implications of each
will be discussed in the concluding chapter.
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FINDINGS

With 125,326 calls for service over the five year period of 1999 to 2003, ASPD maintained
consistent calls for service volume between years. The highest calls for service volume occurred
in 2002 at 25,650 and the lowest of the period examined was 1999 with 24,117, 20.5% and
19.2% respectively of calls for service volume over the examined period. When priority levels of
calls for service volume were examined, Priority 2 calls for service made up 64.6% of the
volume or 80,987 calls. Priority 1 consisted of 21.6% of calls for service volume or 27,029 for
the examined period, while Priority 3 calls for service consisted of the remaining 13.8% of
volume or 17,310 calls. These percentages are consistent with other agencies of similar numbers
of sworn personnel and population served (Florida Department of Law Enforcement, 2006). It is
important to note that as hypothesized, AVL impact is expected to be greatest for Priority 2 calls
for service. As the most abundant, the potential for AVL to have a significant overall effect on
response time is present. As displayed in Figure 2, calls for service volume by priority fluctuated
little over the 5 year period.
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Figure 2 – Calls for Service Indicating Priority per Year
Priority
1
2
3

30,000

25,000

Count

20,000

15,000

10,000

5,000

0
1999.00

2000.00

2001.00

2002.00

2003.00

year

As stated, the majority of all calls for service, 64.6%, were Priority 2 calls. Of the 80,987
Priority 2 calls for service, 21,442 or 26.47% were classified as disturbance calls. 13,179 or
16.27% of Priority 2 calls for service were classified as traffic crash calls. Suspicious persons
calls were the next most common Priority 2 calls for service at 10.92% or 8847 calls. Thus more
than half of Priority 2 calls for service involve just three types of calls, all of which appear to be
events where improved response time could be important. Additional calls include larceny
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(theft) and miscellaneous information classified calls consisted of 6,022 and 5,569 calls, or
7.43% and 6.87% respectively. The remaining third were divided among 60 other Priority 2
calls for service categories as displayed in Table 2.
Table 2 – Priority 2 Calls for Service (Frequency) by Classification
Call Classification
Disturbance
Crash
Suspicious Person
Larceny
Miscellaneous Information
Escort
Other Classifications*
Property Recovered/Lost/Stolen
Disabled Vehicle
Criminal Mischief
Suspicious Vehicle
Shoplift
Parking Violation
Burglary
Auto Theft
Civil
Trespass Warning
Fraud
Missing Person
Battery
Total
*
#

Frequency
21442
13179
8847
6022
5569
3761
3376
2649
2395
2098
1669
1582
1363
1282
1235
1096
1025
931
838
628
80987

Percent
26.47
16.27
10.92
7.43
6.87
4.64
4.14
3.27
2.95
2.59
2.06
1.95
1.68
1.58
1.52
1.35
1.26
1.14
1.03
.77
99.89 #

Less than 500 calls
Less than 100% due to rounding

Of the 27,029 Priority 1 calls for service the great majority were of two types, 16,896 or 62.51%
were classified as alarm calls. 4,527 or 16.74% of the Priority 1 calls for service were classified
as 9-1-1 hang-up calls. Domestic violence incidents, traffic crash with injuries, and larceny
(theft) in progress were comparatively minor percentages of Priority 1 calls at 4.35%, 4.31% and
4.03% respectively. The remaining 5.71% of calls were found among 28 other Priority 1 calls
for service categories as viewed in Table 3.
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Table 3 – Priority 1 Calls for Service (Frequency) by Classification
Call Classification
Alarm
911 Hangup
Other Classifications*
Domestic Violence
Crash with Injuries
Larceny - Just Occurred
Fight
Total
*
#

Frequency
16896
4527
1545
1176
1167
1090
628
27029

Percent
62.51
16.74
5.71
4.35
4.31
4.03
2.32
99.97 #

Less than 500 calls
Less than 100% due to rounding

For Priority 3 calls for service, nearly all, 16,293 or 94.1%, were classified as assist calls. 538 or
3.1% of Priority 3 calls for service were classified as violation of city ordinance (VCO) calls.
The remaining 2.76% of calls were divided among 9 other Priority 3 calls for service categories
as viewed in Table 4.
Table 4 – Priority 3 Calls for Service (Frequency) by Classification
Call Classification
Assist
Violation City Ordinance
Other Classifications*
Total
*
#

Frequency
16293
538
479
17310

Percent
94.1
3.1
2.76
99.8 #

Less than 500 calls
Less than 100% due to rounding

Based upon these distributions, it was apparent that each priority level was dominated by a
limited number of specific call types. Over half of the given calls in any priority classification
could be attributed to three or fewer individual call classifications. In addition to the analysis of
overall calls for service and the three specific priority levels of calls for service, the most
common call types of each priority, as viewed in Table 5, were examined individually to
determine if AVL had a statistically significant impact on response time to these common calls
for service. As it turns out, these analyses did not demonstrate AVL having a significant impact
on these calls for service. The analysis of these five specific call types was delegated to
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Appendix F through K. The analysis and findings of the other four AVL data sets, all calls for
service, Priority 1, Priority 2 and Priority 3, follows.
Table 5 – Individual Call Type Analysis
Call Type
Alarm
Assist
Crash
Disturbance
Suspicious Person

Priority
1
3
2
2
2

Percentage of Priority Calls
Attributed to This Call Category
62.5
94.1
16.27
26.5
10.9

Combined Data Set Analysis (All Priority Calls)

The first step in the analysis was to generate a sequence chart to provide a five year visual
representation of the data set for all calls for service. By displaying the variable weekyear in
comparison to weekly average response time in seconds, the visual comparison of pre-AVL
implementation period, partial AVL implementation period and post-AVL implementation
period provided in Figure 3 displays changing response time trends across the three stages. As
can be seen, response time over the three periods shows weekly variations within a range of 60 to
90 seconds. A slight positive trend is suggested for the two later AVL periods of partial
implementation and post implementation. This implies that ASPD is responding slower on
average over the course of these two time periods when compared to the pre implementation
period.
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Figure 3 – Sequence Chart of All Calls for Service Week 1 to Week 265 (Response Time Mean
in Seconds, Time in Weeks)
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Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.

As the next analysis step, a one way ANOVA was calculated to compare the average response
time mean for all calls for service for the three time periods. As viewed in Table 6, a significant
change was observed when the three stages are compared with one another. However, diagnostic
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statistics for the initial ANOVA identified three weeks as possible outliers, weeks lying greater
than 3 standard deviations from the overall weekly average response time, as viewed in Table 7.
Based upon this identification, these outliers were then deleted from the data set.

All subsequent analysis in this study mirrors these steps with an initial analysis run on the entire
data sets, diagnostic identification of outliers if present, and the re-analysis of the data without
the outliers and comparison of the two analyses. Because outliers upon review often involved
questionable data and the comparison of the “with” and “without” outlier analyses consistently
showed no significant differences, all results presented hence forth are derived from data sets
with outliers removed.

As can be seen, the identification of outlier weeks and isolation of these outliers had no
significant impact on the results obtained as viewed in Table 6 (F= 8.523, sig.=.000) and Table 8
(F=8.793, sig.=.000). Regarding the outliers viewed in Table 7, all three do share a common
trait – all occurred during the post implementation period. This may be an indicator that AVL is
exerting influence over weekly average response time for all calls for service by having the
closest patrol unit dispatched to higher priority calls (Priority 1 and Priority 2 calls). This
relegates the response to lower priority calls (Priority 3 calls) to units who might be much farther
away from their origin, thereby resulting in an overall increase in response time.
Table 6 – ANOVA of All Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
14517.404

df
2

Mean Square
7258.702

223136.4
237653.8

262
264

851.666

52

F
8.523

One Tail Sig.
.000

Table 7 – All Calls for Service Outliers*
Week Number
201
248
257

Response Time
Mean
579.11
569.60
565.01

Std. Residual
3.611
3.245
3.083

Predicted Value
470.9026
472.3407
472.6161

Residual
108.20799
97.25468
92.39175

*Outliers identified as greater than +/- 3 standard deviations
Table 8 – ANOVA of All Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
13079.936

df
2

Mean Square
6539.968

192642.9
205722.8

259
261

743.795

F
8.793

One Tail Sig.
.000

The increase in response time is demonstrated by the results presented in Table 9 which displays
the lower and upper 95% confidence interval bounds for the response time mean for all calls for
service. Of particular interest is the lack of overlap between Stage 2, partial implementation of
AVL, and Stage 3, post implementation of AVL. This indicates that weekly response time was
significantly lower during the AVL partial implementation period than during the pre or post
AVL stages. While significantly lower, the substantive differences are not large, reflecting
average shifts of 16 and 23 seconds.

Most important, the average weekly response time

increased after AVL was fully implemented. Possible causes of this increase will be discussed in
Chapter 5. It can be stated at this point that this result does not suggest that AVL is capable of
reducing response time in a meaningful comprehensive way.
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Table 9 – Descriptive Statistics for Response time for All Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
163
52
47
262

Mean
468.74
455.13
477.69
467.64

Std. Deviation
28.15
27.58
23.51
28.07

95% Confidence Interval for Mean
Lower Bound
Upper Bound
464.38
473.09
447.45
462.81
470.78
484.60
464.23
471.06

In addition, the statistically significant but unfavorable AVL average response time change
found in the ANOVA is not matched by a statistically significant change in the regression slope
in response time average across all three stages as viewed in Table 10. The slopes or average
response time trend for the three AVL time periods were examined via a set of linear regressions
where the weekly average response time was regressed against time. The All Calls for Service
regression residuals were examined for violations of regression assumptions by an inspection of
the histogram, normal p-plot, and scatterplot, which can be found in Appendix B. No violations
were discovered.

The B value generated from these regressions is equivalent to the response time slope for each
AVL time period. A statistically flat trend, indicated by a non significant B value, indicates
ASPD is responding in a similar manner over the course of the time period, taking approximately
the same time to respond to a call for service.

A significant negative B value reflects a

significant negative trend for response time indicating ASPD is responding faster over the course
of the time period, taking fewer seconds to respond to a call.

A significant positive B value

reflects significant positive trend for response time indicating ASPD is responding slower on
average over the course of the time period, taking more seconds to respond to a call for service.
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The slopes reported for overall and each individual stage are non significant and are statistically
flat.
Table 10 – All Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
.011
.019
.391
..391

t
.464
.422
1.594
1.338

Sig.
.643
.673
.117
.187

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.034
.056
-.071
.109
-.102
.883
-.197
.979

Trend
Flat
Flat
Flat
Flat

For example, with a negative lower bound and a positive upper bound (-.034 and .056
respectively), and an insignificant B value (t=.464, sig.=.643), the overall trend for response
times means for all calls for service is essentially horizontal, indicating ASPD on average is not
responding faster or slower to calls for service. Of direct theoretical interest as they reflect AVL
implementation stages, similar regression analysis was also conducted on each of the three
individual stages of All calls for service. Stage 1, Stage 2 and Stage 3 all display statistically flat
trends for response time means as well, each with negative lower bound and positive upper
bound 95 percent confidence intervals. In sum, the overall impact of AVL on response time for
all calls for service is flat and shows AVL as having no overall impact on response time to all
calls for service and ASPD as not responding faster or slower on average to calls for service.
The statistically significant difference that does emerge in the ANOVA between the average
weekly response times is not in the negative direction that one would expect if AVL resulted in a
reduction in ASPD response time. Therefore, for the All Calls for Service data, the hypothesis
“AVL implementation improves response time for all calls for service” is not supported.
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Priority 3 Data Set Analysis

As Priority 3 calls for service are the lowest priority level of the three levels utilized by ASPD,
specific priority level analysis originated with Priority 3 calls for service. To view the entire five
year data period for Priority 3 calls, a sequence chart was utilized. This visual rendition of the
three stages is presented in Figure 4.

The pre AVL implementation period, partial AVL

implementation period and post AVL implementation periods display changing trends between
the three stages based on these calls for service. Response time over the three periods shows
weekly variations with a range of 90 to 120 seconds, with the exception of outlier week 1966.
An initial slight negative trend during pre AVL implementation period is followed by a flat or
possibly slight positive trend suggested for the other two AVL periods, partial implementation
and post implementation. Collectively ASPD is pictured as possibly taking longer to respond to
Priority 3 calls for service during partial and post AVL implementation periods.

6

Week 196 will be addressed later as an outlier.
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Figure 4 – Sequence Chart of Priority 3 Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
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Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
As previously done with all calls for service, a one way ANOVA was calculated to compare the
average response time mean for Priority 3 calls for service for the three time periods. Table 11
indicates a significant change was not observed when the three stages are compared with one
another (F= 1.329, sig.=.130). Diagnostic statistics identified two weeks as possible outliers
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viewed in Table 12. Based upon this identification, these outliers were deleted. As can be seen
in Table 13, the identification of outlier weeks and deletion of the outliers had a significant
impact on the results obtained (F=3.623, sig.=.010). A significant change in average response
time mean was observed when the three stages are compared with one another.
Table 11 – ANOVA of Priority 3 Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
10609.746

df
2

Mean Square
5304.873

1045767
1056376

262
264

3991.476

F
1.329

One Tail Sig.
.130

Table 12 – Priority 3 Calls for Service Outliers*
Week Number
68
196

Response Time
Mean
698.24
918.47

Std. Residual
3.176
6.862

Predicted Value
498.2718
486.3566

Residual
199.97265
432.11711

*Outliers identified as greater than +/- 3 standard deviations
Table 13 – ANOVA of Priority 3 Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
22521.995

df
2

Mean Square
11260.997

808197.6
830719.5

260
262

3108.452

F
3.623

One Tail Sig.
.010

Displaying the lower and upper 95% confidence interval bounds for the response time mean for
Priority 3 calls for service, Table 14 shows overlap between stages, indicating no significant
difference should be found between the three implementation stages. Stage 2 however shows
weekly response time was lower during the AVL partial implementation period than during the
pre or post AVL stages, as the upper bound of Stage 2 is slightly above the lower bounds of
Stage 1 and Stage 3. While lower, the differences are not substantial, reflecting average shifts of
20 and 28 seconds. Most important, the average weekly response time increased after AVL was
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fully implemented, showing ASPD was now taking longer to response to Priority 3 calls for
service. These results do not support AVL as a significant impact on reducing Priority 3
response times.7
Table 14 – Descriptive Statistics for Response time for Priority 3 Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
52
49
263

Mean
492.34
472.16
500.20
489.81

Std. Deviation
55.22
52.91
60.26
56.30

95% Confidence Interval for Mean
Lower Bound
Upper Bound
483.77
500.91
457.43
486.8
482.89
517.51
482.98
496.65

In addition, the statistically significant average response time change found in the ANOVA does
align to a change in the regression slope in response time average across all three stages as
viewed in Table 15. The slopes or average response time trend for the three AVL time periods
were examined using a set of linear regressions where the weekly average response time was
regressed against a time variable.

Following the pre-established process, the Priority 3

regression residuals were examined for violations of regression assumptions by an inspection of

7

Post Hoc Test Multiple Comparison - As the results of the ANOVA were atypical, a post hoc

test multiple comparison was utilized to provide additional information relating to the differences
between the stages. A statistically significance difference was identified between Stage 1 and
Stage 2 (sig.=.024) and between Stage 2 and Stage 3 (sig.=.012). These results substantiate the
statistically significance F value viewed in Table 13. Despite the overlap between stages, as
viewed in Table 14, in their 95% confidence intervals, the average response time between the
AVL stages are statistically significantly different.
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the histogram, normal p-plot, and scatterplot, which can be found in Appendix C. No violations
were discovered.

The Stage 1 significant negative B value reflects a significant negative trend for response time,
reflecting ASPD’s faster response time over the course of the time period. Non significant B
values for Stage 2 and Stage 3 indicate a statistically flat trend across that time period, reflecting
ASPD’s consistent, non-improving response time over the course of those time periods. The
statistically significant change in slope found in the regression can be attributed to the initial
negative trend experienced during the pre AVL implementation stage followed by the flat trend
found in the partial and post implementation stages.
Table 15 – Priority 3 Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
-.102
-.355
-.437
-.280

t
-2.274
-4.205
-.916
-.456

Sig.
.024
.000
.364
.651

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.191
-.014
-.522
-.188
-1.394
.521
-1.515
.955

Trend
Negative
Negative
Flat
Flat

With a negative lower bound and a negative upper bound (-.191 and -.014 respectively), and a
significant B value (t=-2.274, sig.=.024), the overall trend for response times means for these
calls for service is statistically negative, indicating ASPD improved their response time for
Priority 3 calls for service over the full five years of the study. What role, if any, did AVL play
in the overall decline in response time? Of direct theoretical interest as they reflect AVL
implementation stages, similar regression analysis was also conducted on each of the three
individual stages of Priority 3 calls for service. Stage 1 displays a statistically negative trend
with a negative lower bound and negative upward bound 95 percent confidence interval. Stage 2
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and Stage 3 display statistically flat trends for response time means, each with negative lower
bound and positive upper bound 95 percent confidence intervals. In sum, the overall impact of
AVL on response time for Priority 3 calls for service is negative and showing AVL has an
overall impact on response time to Priority 3 calls for service, however this trend can be
attributed to the initial negative trend experienced during the pre AVL implementation stage.
Once AVL implementation was initiated, this negative trend ceased and response time no longer
improved. The statistically significant difference that does emerge in the ANOVA between the
average weekly response times is not in the direction that one would expect if AVL is causing a
reduction in ASPD Priority 3 response time. Based on the hypothesis “AVL implementation will
have the least impact on Priority 3 calls for service”, no Priority 3 response time reduction
occurred with the implementation of AVL. If “least impact” is interpreted at this point in the
analysis as encompassing “no input”, the hypothesis might still be supported depending on the
analysis of Priority 1 and Priority 2 calls for service.

Priority 2 Data Set Analysis

ASPD identifies Priority 2 calls for service as non-emergency calls for service and are calls that a
delay in police response will not likely result in further injury or loss. They are conceived as the
calls likely to show the greatest AVL impact and as such were the focus of the next data set
analysis. The sequence chart, Figure 5, presents a graphic five year representation of the data for
Priority 2 calls for service. A comparison of the three stages, pre AVL implementation period,
partial AVL implementation period and post AVL implementation period, displays changing
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trends. As can be seen, response time over the three periods shows weekly variations with a
range of 60 to 90 seconds, with the exception of weeks 201, 213, 248 and 2758. A slight positive
trend is suggested for the two AVL periods of partial implementation and post implementation,
implying ASPD may be taking longer to responds to Priority 2 calls for service during these
stages.

8

Weeks 201, 213, 248 and 25 will be addressed later as outliers.
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Figure 5 – Sequence Chart of Priority 2 Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
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Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
The ANOVA comparison of the average response time mean for calls for service for the three
time periods, Table 16 shows a significant change when the three stages are compared with one
another (F= 4.958, sig.=.000) . However, diagnostic statistics for the initial ANOVA identified
four weeks as possible outliers, as viewed in Table 17. Based upon this identification, these
outliers were deleted.

The identification of outlier weeks and deletion of these outliers had no
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significant impact on the results obtained as viewed in Table 18 (F=9.582, sig.=.000). Regarding
the outliers viewed in Table 17, all four do share a common trait – all occurred during the partial
and post implementation period, time frames in which response times for ASPD were apparently
undergoing greater variability.
Table 16 – ANOVA of Priority 2 Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
14501.876

df
2

Mean Square
7250.938

383205.4
397707.3

262
264

1462.616

F
4.958

One Tail Sig.
.000

Table 17 – Priority 2 Calls for Service Outliers*
Week Number
201
213
248
257

Response Time
Mean
675.19
643.80
690.23
630.47

Std. Residual
4.282
3.473
4.660
3.121

Predicted Value
508.6823
508.7732
509.0384
509.1067

Residual
166.51230
135.02680
181.19031
121.36376

*Outliers identified as greater than +/- 3 standard deviations
Table 18 – ANOVA of Priority 2 Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
20874.836

df
2

Mean Square
10437.418

281021.4
301896.3

258
260

1089.230

F
9.582

One Tail Sig.
.000

Table 19 displays the lower and upper 95% confidence interval bounds for the response time
mean for all calls for service.

Noting the lack of overlap between Stage 2, partial

implementation of AVL, and Stage 3, post implementation of AVL, an indication that weekly
response time was significantly lower during the AVL partial implementation period than during
the pre or post AVL stages. The implications of their result will be developed in the Discussion
chapter. At this time it should be noted that while significantly lower, the substantive differences
are not large, reflecting average shifts of 23 seconds. Most important, the average weekly
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response time increased after AVL was fully implemented to its greatest level. As found earlier
with Priority 1 calls for service, such results do not support an AVL capacity for reducing
response time to Priority 2 calls for service.
Table 19 – Descriptive Statistics for Response time for Priority 2 Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
163
51
47
261

Mean
510.18
487.69
510.45
505.84

Std. Deviation
34.21
28.65
33.08
34.07

95% Confidence Interval for Mean
Lower Bound
Upper Bound
504.89
515.47
479.63
495.75
500.74
520.17
501.68
509.99

The statistically significant but unfavorable for AVL impact on average response time change
observed in the ANOVA was found in the regression analysis as viewed in Table 20. The slopes
or average response time trend for the three AVL time periods were examined via a set of linear
regressions where the weekly average response time was regressed against time. As standard
procedure, the Priority 2 regression residuals were examined for violations of regression
assumptions through inspection of the histogram, normal p-plot, and scatterplot, located in
Appendix D. No violations were discovered.
Table 20 – Priority 2 Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
-.031
.033
.571
.077

t
-1.134
.581
2.245
.203

Sig.
.258
.562
.029
.840

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.086
.023
-.080
.146
.060
1.083
-.686
.840

Trend
Flat
Flat
Positive
Flat

Of direct theoretical interest as they reflect AVL implementation stages, the regression analysis
was conducted on each of the three individual stages of Priority 2 calls for service. Displaying
statistically flat trends for response time means, Stage 1 and Stage 3 each have negative lower
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bound and positive upper bound 95 percent confidence intervals, indicating ASPD is not
responding any faster or slower to these calls for service. Stage 2 displays a statistically positive
trend for response time means; however with positive lower bound and positive upper bound 95
percent confidence intervals, indicating ASPD is taking longer to respond to these calls for
service during this stage.

In sum, the overall trend for response time for all Priority 2 calls for service is flat. When AVL
implementation stages are examined, AVL has no overall impact on ASPD’s response time to
Priority 2 calls for service. The statistically significant difference that does emerge in the
ANOVA between the average weekly response times is not in the direction that one would
expect if AVL resulted in a permanent reduction in ASPD Priority 2 response time. Taking into
account that Stage 1 and Stage 3 response times have non significant B values indicating a
statistically horizontal trend across that time period and that Stage 2 has a significant positive B
value reflecting a significant positive trend for response time, findings indicate that ASPD is
responding slower on average over the partial AVL time period. Thus, while the ANOVA
showed Stage 2 to have the lowest average response time, the regression reveals that ASPD
response time was increasing significantly over the Stage 2 time frame. Therefore, for the
Priority 2 Calls for Service data, the hypothesis “AVL implementation will have the greatest
positive impact on Priority 2 calls for service.” is not supported. Indeed, rather then the greatest
positive impact, the results show an opposite impact.
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Priority 1 Data Set Analysis

ASPD deems Priority 1 calls the most important of the three priority call levels, requiring an
immediate response. As high priority calls, these calls are perceived as ones that generate quick
response and therefore are not felt to be particularly sensitive to a possible AVL response time
effect. Providing a visual representation and comparison of the pre AVL implementation period,
partial AVL implementation period and post AVL implementation periods the Priority 1 data set
over the entire five year data period, the sequence chart, Figure 6, shows weekly variations
within a range of 60 to 90 seconds. As expected average response times for these calls is
substantially quicker then for Priority 2 or Priority 3 calls. A flat trend is suggested for the pre
and partial implementation AVL periods, suggesting ASPD is not responding faster or slower
during these stages, while the post implementation period suggests a positive trend, indicating
ASPD is taking longer to respond to Priority 1 calls during this stage.
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Figure 6 – Sequence Chart of Priority 1 Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
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Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
Similar to the Priority 2 and Priority 3 analysis, a one way ANOVA was used to compare the
average response time mean for calls for service across the three time periods. A significant
change in response time was initially observed as viewed in Table 21 (F= 2.754, sig.=.000).
However, standardized diagnostic statistics identified two weeks as outliers, see Table 22, and
these outliers were deleted. Regarding the outliers viewed in Table 22, one occurred during the
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pre implementation period and the other during the partial implementation period. No common
AVL related traits appear to link the outliers. As can be seen the deletion of these outliers
resulted in an insignificant result as viewed in Table 23 (F=2.174, sig.=.050).
Table 21 – ANOVA of Priority 1 Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
7026.470

df
2

Mean Square
3513.235

334275.7
341302.2

262
264

1275.861

F
2.754

One Tail Sig.
.000

Table 22 – Priority 1 Calls for Service Outliers*
Week Number
100
263

Response Time
Mean
453.67
464.61

Std. Residual
3.264
3.411

Predicted Value
336.4190
342.0500

Residual
117.25403
122.56173

*Outliers identified as greater than +/- 3 standard deviations
Table 23 – ANOVA of Priority 1 Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
5123.735

df
2

Mean Square
2561.868

306328.8
311452.5

260
262

1178.188

F
2.174

One Tail Sig.
.050

Reflecting the lack of significance, Table 24 displays the lower and upper 95% confidence
interval bounds for the response time mean for these calls for service. An examination of the
means indicates that weekly response time was lower during the AVL partial implementation
period than during the pre or post AVL stages. While lower though, the differences are not
large, reflecting average shifts of only 8 and 14 seconds. Most important, the average weekly
response time increased after AVL was fully implemented to its greatest level. All three 95%
confidence interval bounds overlap though, a result which does not show AVL to be capable to
reduce Priority 1 response time.
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Table 24 – Descriptive Statistics for Response time for Priority 1 Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
53
48
263

Mean
337.21
329.02
343.08
336.63

Std. Deviation
33.38
36.90
34.54
34.47

95% Confidence Interval for Mean
Lower Bound
Upper Bound
332.03
342.39
318.84
339.19
333.05
353.11
332.44
340.82

In addition, the statistically insignificant and unfavorable AVL impact average response time
change found in the ANOVA does not match a statistically significant change in the linear slope
found in response time average across all three stages as viewed in Table 25. The Priority 1
regression residuals were examined for violations of regression assumptions by inspection of the
histogram, normal p-plot, and scatterplot, which can be found in Appendix E. No violations
were discovered.
Table 25 – Priority 1 Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
.027
.091
-.212
.798

t
.956
1.645
-.637
2.137

Sig.
.340
.102
.527
.038

95% Confidence Interval
for B
Upper
Bound
Lower Bound
-.028
.081
-.018
.200
-.881
.457
.047
1.550

Trend
Flat
Flat
Flat
Positive

With a negative lower bound and a positive upper bound (-.028 and .081 respectively), and an
insignificant B value (t=.956, sig.=.340), the overall trend for response times means for Priority 1
calls for service is statistically flat, indicating ASPD is not responding to Priority 1 calls for
service any faster or slower over the five year period. Of direct theoretical interest, as they
reflect AVL implementation stages, are the regression results of the individual stages. Stage 1
and Stage 2 display statistically flat trends for response time means, each with negative lower
bound and positive upper bound 95 percent confidence intervals, indicating ASPD’s consistent
response time for Priority 1 calls for service. Stage 3 displays a statistically positive trend for
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response time mean, with a positive lower bound and a positive upper bound 95 percent
confidence interval, indicating ASPD is taking longer to respond to Priority 1 calls for service.

In sum, as reported Stage 1 and Stage 2 response times have non significant B values indicating a
statistically flat trend across each time period; ASPD was not responding any faster or slower
during these stages. Stage 3 has a significant positive B value reflecting a significant positive
trend for response time, indicating ASPD was responding slower on average over the course of
the time period. The trends that emerge in the ANOVA between the average weekly response
times is not in the negative direction that one would expect if AVL resulted in a reduction in
ASPD Priority 1 response time. The hypothesis “AVL implementation will have moderate
impact on Priority 1 calls for service” is not supported as no Priority 1 response time reduction
was observed.

In addition to the main analysis results discussed for Priority 1, Priority 2, Priority 3 and all calls
for service, based on their prevalence, five specific individual call data sets were created and
analyzed - one each for Priority 1 alarm calls, Priority 3 assist calls, Priority 2 crash calls,
Priority 2 disturbance calls and Priority 2 suspicious person calls. This supplemental analysis
did not contribute any additional insights or different results regarding AVL and response time
and therefore are not discussed in detail or presented in the main body of the study. The results
of these five specific calls for service can be found in Appendix F through K.
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Summary of Statistical Analysis

Looking at the ANOVA summary in Table 26, we see a trend that indicates that weekly response
time was consistently lower during the AVL partial implementation period than during the pre or
post AVL stages across all call categories analyzed. While consistently lower, the substantive
differences are not large, reflecting small average shifts in seconds. While small, when each
average shift is compounded based on the volume of calls for service, substantial time savings
may be found. More importantly, the average weekly response time increased after AVL was
fully implemented for all categories analyzed. The trend of a lower Stage 2 average weekly
response time followed by Stage 3 having the highest average weekly response time is
recognized as problematic for AVL’s utility and will be interpreted in the Discussion section. It
is clear however that these results do not support AVL’s ability to reduce response time to calls
for service in any substantial way.
Table 26 - Findings ANOVA Summary with Outliers Isolated/Removed
All Data
Category of Calls for Service
All Calls
Priority 3
Priority 2
Priority 1

F
8.793
3.623
9.582
2.174

Sig.
.000
.028
.000
.116

Weekly Response Time Means
Stage 1
Stage 2
Stage 3
468.74
455.13
477.69
492.34
472.16
500.20
510.18
487.69
510.45
337.21
329.02
343.08

In Table 27 we see a trend that indicates that the general overall impact of AVL on response time
for all categories analyzed is flat and showing AVL with no overall impact on response time
across all calls for service analyzed. An exception to this is the findings related to Priority 3
calls for service. While the overall impact of AVL on response time for all Priority 3 calls for
service is downward, showing AVL has an overall five year impact on response time to these
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calls for service, this finding can be attributed to the initial downward trend experienced during
the pre AVL implementation stage. Once AVL implementation was initiated, this downward
trend ceased. Thus, an AVL ability to reduce response time is not shown in any condition.
Table 27 - Findings Regression Summary with Outliers Isolated/Removed
All Data Over 5 Year
Period
Category
of Calls
for Service
All Calls
Priority 3
Priority 2
Priority 1

t
.464
-2.27
-1.13
.956

Sig.
.643
.024
.258
.340

Trend
Flat
Negative
Flat
Flat

Stage 1
t
.422
-4.20
.581
1.64

Sig.
.673
.000
.562
.102

Trend
Flat
Negative
Flat
Flat

Stage 2
t
1.59
-.916
2.24
-.637

Sig.
.117
.364
.029
.527

Stage 3
Trend
Flat
Flat
Positive
Flat

t
1.33
-.456
.203
2.13

Sig.
.187
.651
.840
.038

Trend
Flat
Flat
Flat
Positive

From the quantitative analysis, the four original hypotheses examined to determine the impact of
AVL on calls for service are not supported.
Ha1

AVL implementation improves response time for all calls for service.

Ha1.1

AVL implementation will have the least impact on Priority 3 calls for service.

Ha1.2

AVL implementation will have moderate impact on Priority 1 calls for service.

Ha1.3

AVL implementation will have the greatest positive impact on Priority 2 calls for
service.

The results of the analysis demonstrated that fully implemented AVL was unable to improve
response time in any of the four categories analyzed – all calls, Priority 3, Priority 1 or Priority 2.
While the anticipated AVL impact was for an overall improvement in response time for all calls
for service and varied improvements in response time based upon the particular priority levels of
calls for service, this was not observed when the data was analyzed. In all categories analyzed,
response time actually suffered with the full implementation of AVL. It was taking ASPD
longer to respond to calls for service when compared to pre and partial AVL implementation
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response times. These findings suggest that factors other than AVL are likely exerting influence
over ASPD response time.

In an effort to explore possibilities and better understand the

organizational impact of AVL, a limited number of APSD personnel interviews were conducted.
These interviews help explain issues surrounding the quantitative findings.

Interviews

While the data analysis provided a quantitative assessment of the AVL data, it does not take into
account the impacts and perception of AVL on the ASPD personnel. As the goal is not only to
empirically assess AVL’s impact on response time but also to understand user perceptions,
interviews of ASPD personnel were completed. These interviews contained six open ended
questions to increase understanding of the perceived utilization, feelings, benefits, drawbacks,
positive experiences and negative experiences surrounding the AVL system.

This format

allowed the researcher to encourage respondents to provide supplementary information, to clarify
responses, to provide multiple responses to individual questions and to provide examples of their
experiences with the AVL system.

On June 07, 2005, the researcher conducted thirteen structured interviews in a conference room
at Altamonte Springs Police Department, Florida (ASPD). These interviews were tape recorded
and supplemented with handwritten notes. These structured interviews attempted to discover the
personal realities of working with an AVL system and thus are a retrospective assessment of
AVL by the interviewees. These interviews were conducted post AVL implementation. At the
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time of the interviews, the Seminole County Sheriff’s Office (SCSO) was providing all dispatch
and communications capabilities for ASPD and AVL is no longer available at ASPD.

The thirteen interviewees consisted of ASPD personnel who were on duty between the hours of
10:00am and 4:00pm on June 07, 2005.

The interviewees were contacted by their

supervisor/manager and instructed to speak to the researcher on the topic of AVL. Clearly this
was a sample of opportunity and not a random sample. A pro–administrative bias towards AVL
by the interviewees was an initial concern with this sample. This concern was not borne out by
the respondent comments however. All of the interviewees were Caucasian. Eleven were male
and two were female. The average time of service with the ASPD was 17.3 years and five
interviewees reported service with law enforcement agencies other than ASPD of an average of
5.9 years. Three of the interviewees reported their present assignment as “watch commander”
with ASPD, four of the interviewees reported their present assignment as “patrol” with ASPD,
and six reported other varied assignments. Of the thirteen interviewees, three reported high
school or GED as their highest level of education completed. One interviewee reported first year
of college and five reported AA or AS degrees as their highest level of education completed.
One interviewee reported third year of college completed while three interviewees reported forth
year college BA/BS degree as their highest level of education completed. The average age of the
thirteen interviewees was 42.5 years old. Thus, although a limited number of ASPD personnel
were available to be interviewed, the interviewees represented a mixed group, varied in terms of
age, gender, experience, education and position.
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Each was informed that his or her responses were confidential and would be kept anonymous.
All were informed that they did not have to answer any question, could terminate the interview at
any time, and that their responses would be combined and analyzed as a single data set. A
summary of responses to each of the six interview questions is provided, followed by a general
discussion of their implications.

Question 1: How did you utilize the AVL system?
Responses related to tracking and locating officers were provided nine times and was the most
frequent offered response. Oversight of officers was the next frequent response provided eight
times. The use of AVL to establish and maintain perimeters was provided seven times as a
response. Other responses of interest included to resolve complaints (two responses) and to
approximate response time (one response).

While the responses focused on officer safety, locating officers, and as a supervision tool, only
one interviewee indicated using AVL in regards to response time. In this acknowledgement, the
interviewee utilized AVL to approximate response time. At no time did any of the thirteen
interviewees indicate they utilized AVL to attempt to improve response time to calls for service.

Question 2: How do you feel about the AVL system?
Of the responses provided by the thirteen interviewees, nineteen responses were classified as
positive, sixteen responses were classified as negative and six responses were classified as
neutral. Six interviewees responded with both positive and negative responses to this question.
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Of these responses comments related to technical problems/issues appeared nine times.
Perimeter comments appeared four times. Appearing two times each, comments relating to “big
brother” and officer safety were also provided.

These responses demonstrate the mixed feelings concerning AVL within this group. Technology
issues appeared to be responsible for the negative feelings towards AVL.

These negative

feelings were categorized as delays between the patrol unit being at a given location and the unit
showing up at that location on the AVL screen, units materializing and disappearing from the
AVL screen without any rhyme or reason, and units freezing and not updating on the AVL
screen. Perimeter applications appear to have a positive impact towards AVL perceptions.
These positive feelings were categorized as helping to set up perimeters on calls for service to
assisting officers in keeping perspective on an incident - knowing where all officers were and the
size and score of the incident scene. Knowing where officers were and other officer safety issues
were also mentioned.

Question 3: What benefits have you seen with the AVL system?
Responses to this question were categorized into these classifications: internal investigations,
officer safety, overview, response aid and perimeters. The most frequent response provided was
officer safety (ten responses). These responses included comments such as “locating officers not
answering the radio”.

Internal investigations, response aid and perimeters each had seven

responses. Internal investigations included such comments as “disprove allegations such as
speeding by officers”, “complaint resolution”, and “speed of officer”. Response aid included
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such responses as “directional aid”, determining closeness to calls”, and “helps new officers with
area orientation”. Comments such as “assist with more professional perimeters” and “believe
more people were caught due to better perimeters”. Five responses were classified as overview.
These responses included such comments as “locating other units”, “visual observation of
things”, and “you can see where other units are”.

All interviewees were able to provide benefits regarding AVL.

Regardless of employee

classification, line officers, supervisors or administrators all offered positive remarks toward
having an AVL system in place. While the AVL implementation at ASPD was troubled, as
reflected in responses to previous and later questions, AVL was able to overcome those issues to
a degree, resulting in all surveyed could list benefits provided by AVL.

Question 4: What drawbacks have you seen with the AVL system?
Of the responses provided to this question, the most frequent comment was related to the AVL
technology with responses ranging from “battery draw on motorcycles” (the AVL system
draining the motorcycle’s smaller battery so the vehicle would not start) to “location displayed
may not be actual location for up to an entire shift” to “difficult to perform a hard reset” (when
difficulties were encountered, officers were not able to restart the system and resolve the
trouble). Personnel in the field were unable to restart the system without assistance from
technicians who typically work a Monday to Friday 8am to 5pm work week, leaving those
working evening and overnight hours with a non-functional system. Twenty-three responses
were related to technology issues. With ten comments, the next most frequent responses were
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related to “big brother” issues.

These comments varied from “agency stated concerns a

disguise”, the agency was not truthful and forthcoming when implementing AVL, to “big brother
perception” held by line officers to “misused by administration”, supervisors and administrators
were using the system to “spy” on line officers.

Technology issues and concerns of distrust formed the majority of the responses. As there
appears to be a sense of distrust with the implementation of AVL, this raises the question of how
the AVL system was presented to agency employees. If employees were not provided any
information regarding the AVL system, were the employees forced to rely on rumor and
perception as to why the system was implemented? The interviewees expressed concerns
regarding how the AVL data will be utilized and the negative perceptions of personnel towards
AVL.

Question 5: What positive experiences have you had with the AVL system?
The most frequent response provided to this question was related to perimeters. These eight
responses varied from “plug gaps in perimeters” to “we were certain the person did not get out”.
By establishing the proper boundary of an incident and staffing the boundary properly, officer
could ensure with a high degree of accuracy that suspects were contained within a given location.
Officer safety related responses were provided six times. These included such comments as
“positive impact on tactical situations”, “officer safety and unit checks”, and “to locate a unit
unable to raise on the radio”. These tactical situations included foot pursuits and building
evacuations. In addition to tactical situations, respondents found AVL useful in more routine
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situations such as knowledge of city borders, knowing where other vehicles are, and when units
were responding to calls outside of city limits. All indicated AVL was helpful in these areas.
Five responses to this question were classified as “none”, indicating that five of thirteen had no
positive experiences related to the AVL system.

Revealing a contradiction in their perception of AVL, while in response to previous questions all
interviewees reported benefits of the AVL system, five interviewees reported no positive
experiences regarding AVL. For a substantial number of interviewees, AVL benefits are more
abstract and intangible to others in the organization; for them, concrete positive experiences were
not forthcoming. Many of the positive experiences reported by the interviewees were related to
perimeters and officer safety issues. This demonstrates a perceived benefit to law enforcement
officers in the field when AVL is implemented within an agency.

Question 6: What negative experiences have you had with the AVL system?
75 percent of the responses provided to this question focused on the technology of AVL. These
twenty-four responses included “software issues”, “only worked half the time”, “system showed
you being in Casselberry (neighboring city) at times for no reason” (when you were actually in
Altamonte Springs or another city) and “showed a car at a fixed location when actually it is
mobile/moving”. Two responses indicated in a general response that AVL implementation was a
negative experience. Other one time responses included “big brother”, “used for discipline”, and
“I did not like it when I am off duty and my vehicle shows up on the map”.
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Technology difficulties created lasting negative perceptions in the interviewees of AVL and
these formed the majority of responses. In response to the “drawbacks” question, technology
and distrust formed the majority of the responses. When asked of “negative experiences”, big
brother related responses only appeared three times. So while perceptions that AVL will be
utilized in a big brother mode by the administration exist, actual reported negative experiences of
AVL being utilized in a big brother mode by administration form few of the AVL experiences
reported.

Interview Results Overview
From the responses to these interview questions, several patterns emerge. The technology
behind the AVL system appears to have been troubled. “Ghost cars”, “moving vehicles showing
as fixed”, “inaccurate”, and “only works half the time” are all comments that indicate prolonged
and repeated problems with this AVL system employed at ASPD. Once problems materialized,
line officers were ill equipped to resolve the problems. Unless the problem occurred between
Monday and Friday from 8am to 5pm, officers were typically left with a nonworking AVL
system for the remainder of the shift.

Several of those interviewed reported a “big brother” concern, as opposed to actual experience,
regarding AVL as it allows for supervisors and managers of ASPD to have previously
unavailable detailed knowledge of officer locations. Law enforcement traditionally operates on
indirect supervision of line personnel and line officers are not in direct physical contact with
supervisors during the performance of their duty.
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It is not common for line officers and

supervisors to come into contact with each other only at the start and at the end of their shifts.
AVL was viewed as decreasing line officer discretion by providing information to supervisors
and managers to allow for a more direct supervision of line personnel. Even though the two, line
officers and supervisors, were not physically together, AVL gave the line officer the perception
that the supervisor was looking over their shoulder as the supervisor had the capability to know
where they were at all times.

Officer safety concerns also were a common thread in the responses provided by the
interviewees. It appeared that regardless of whether a perceived big brother impact was present,
benefits to the line officer in the area of safety were viewed by many of the interviewees. The
two main benefits identified by interviewees were being able to locate a fellow officer not
responding to the radio and being able to aid in tactical situations. Line officers emphasize
safety as their work is unpredictable and dangerous at times. They rely on their training,
equipment and each other to safely resolve challenging situations. Tools that can assist in
improving officer safety are generally looked upon favorably by line officers, and this was the
case with AVL, regardless of any negative concerns associated with the tool.

From these interviews, one can see that perceptions of the AVL system implemented by ASPD
were conflicted. Technology issues troubled the system throughout the time period analyzed by
this study. Software issues, hardware incompatibility, and inability to resolve issues from the
field all troubled ASPD’s AVL implementation. To reduce the “big brother” concerns of AVL,
clear and concise policies regarding the implementation, abilities and uses of AVL and
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communicating this to all personnel may reduce the frequency of this concern. As one response
indicated, “eventually alright – it blended in”, time and usage of the system may aid in the
understanding and acceptance of AVL by law enforcement personnel.

Of the many responses derived from the six questions, only one response reflected the issue of
response time.

This response was not related to improving response time but focused on

estimating response time to a call for service. No responses reflected upon the focus of the four
hypotheses – improving response time to calls for service. From this selected sample of ASPD
personnel, improving response time to calls for service did not appear to be a primary or even a
secondary consideration of AVL implementation. This may be a reflection of how AVL was
introduced to employees. Depending on whether AVL was introduced as a tool to improve
response time to calls for service, a tool to provide employee oversight, a tool to improve officer
safety or a tool left unexplained to perceptions of AVL as a law enforcement tool will likely
vary.

It is important to note that the thirteen interviews did not shed light on why response time to calls
for service would increase after the full implementation of AVL.

As only one employee

commented on response time when surveyed, response time did not appear to be a factor or
consideration regarding AVL.

Those surveyed appeared unaware that response time had

increased once full AVL implementation occurred. If they were aware of this phenomenon, they
failed to express any observations regarding the impact, circumstances, implications or causes of
the response time increase.
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The results of the interviews demonstrate a potential lack of internal communications regarding
AVL. This is indicative of new technology introductions in law enforcement agencies across the
United States (Foster, 2005).

ASPD, like other similar law enforcement agencies, appears to

have fallen prey to the pitfalls of a lack of communication regarding technology implementation
between the administration and line officers. Instead of being proactive with AVL information
and “selling” AVL to line officers, ASPD appears to have taken the familiar path taken by many
other agencies and failed to educate the line officers as to the usage of, policies and procedures
surrounding, and capabilities and limitations of AVL. These interview findings, coupled with
the quantitative findings, are further explored in the next chapter.
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DISCUSSION

Summary of Findings

ANOVA trends indicated that weekly response time was significantly lower during the AVL
partial implementation period than during the pre or post AVL stages across all categories of
calls for service. While consistently lower, these differences reflected small average shifts of
only seconds. The average weekly response time increased after AVL was fully implemented
for all categories analyzed. These results have not demonstrated AVL’s ability to reduce
response time to calls for service on any particular priority level.

Regression trends indicated that the overall impact of AVL on response time for all categories
analyzed is flat showing that AVL has no overall beneficial impact on response time across all
calls for service analyzed, except for Priority 3 calls for service. The Priority 3 trend was
attributed to the initial downward trend experienced during the pre AVL implementation stage.
Once AVL implementation was initiated, this downward trend ceased. AVL’s ability to reduce
response time to calls for service is not supported by the regression results.

From the interviews, several patterns emerged. The technology implementation at ASPD was
problematic. Technology based problems with the AVL system at ASPD were a reoccurring
theme of the interviews.

Supervisor and administrator oversight of line employees was a

concern of line employees regarding AVL. Not surprisingly, this “big brother” effect troubled
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line officers while supervisors and administrators did not view it with the same regard. Officer
safety concerns also were a common thread in the responses provided by the line employees,
supervisors and administrators alike. It appeared that regardless of whether a perceived big
brother impact was present, the benefits to the line officer in the area of safety were viewed by
those interviewed regardless of rank or position. The most important pattern to emerge from the
interviews however was that improving response time to calls for service was never raised as an
issue, care or concern regarding the six questions asked. At no time did any of the thirteen
interviewees express improving response time as a benefit or positive aspect of AVL, state they
used AVL to improve response time to calls for service, or had any influence on their
perceptions of AVL.

In sum, the ANOVA analysis failed to demonstrate AVL as having a desired impact on average
response time to calls for service. Examination of the regression trends failed to demonstrate
AVL as having a desired impact on response time trends to calls for service. The empirical
analysis collectively found that AVL displayed no ability to reduce the response time to calls for
service regardless of priority level. Findings from the quantitative analysis demonstrated once
AVL was implemented, response time to calls for service actually increased. Interviews with
ASPD personnel failed to identify AVL as even potentially being perceived as contributing to an
improvement in response time to calls for service. Thus the four hypotheses were not supported
by the findings of this study as AVL had no beneficial impact on response time to calls for
service, much less the measurable and varied beneficial results as anticipated.
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Limitation of this Study

The greatest limitation in this study is that it was conducted at one law enforcement agency.
With a resident population of over 40,000 and a typical daytime population in excess of 80,000
people, ASPD is one of the 4,500 plus law enforcement agencies in the United States serving a
population of between 10,000 and 100,000 people (Reaves & Goldberg, 1999). In addition, 93
percent of agencies that practice community policing serve a population between 10,000 and
100,000 people (BJS, 2006). ASPD therefore falls within a common and large family of law
enforcement agencies in the Unites States. While this is the case, the results found at ASPD may
not be representative of results at all 4500 similar agencies or at the over 18,000 law enforcement
agencies in the U.S. (BJS).

While only one agency was analyzed for the purpose of this study, specific approaches were
utilized to address issues of validity that typically accompany case studies. To address the topic
of construct validity, the cause and effect relationship, trends were analyzed over a five year
period encompassing pre-implementation, partial implementation and post implementation
periods.

Additional internal validity threats, causal associations due to other unexamined

variables, are present in this study. Factors such as city population increases, agency personnel
decreases, crime rate increases and demographic shifts in population were not analyzed during
this study. External validity threats also exist in this study. This study has not been replicated in
other agencies and the findings may not be reflective of AVL implementation and impact found
at other agencies.
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From those interviewed, regardless of rank or position, the conclusion was the AVL system
implemented by ASPD was conflicted. Technology issues troubled the system throughout the
five years analyzed by this study. Software issues, hardware incompatibility, and inability to
resolve issues from the field all troubled ASPD’s AVL implementation. Technology difficulties
created lasting impressions on those interviewed at ASPD. Technology issues may have also
impacted the perception and utilizations of the ASPD’s telecommunicators.

At the time

interviews of ASPD personnel were conducted, ASPD did not employ any telecommunicators.
The telecommunications function for ASPD was outsourced to Seminole County Sheriff’s
Office, and all telecommunicators were released from employment at ASPD. They could not be
interviewed regarding perceptions and practices of AVL.

Thirteen interviews were conducted of ASPD personnel who were on duty on June 17, 2005
between the hours of 10:00am and 4:00pm. These interviewees were instructed by management
and supervisors to participate in the AVL survey. Random assignment of employees to be
interviewed did not occur in this study. This inability to control for extraneous variables fails to
equalize other factors that could place undue influence on the interview results. While the
possibility of a pro–administrative bias towards AVL by the interviewees was an initial concern
with this sample, results did not support this concern.
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Unresolved AVL Issues

Regarding the drop in response time trend during the partial AVL implementation period when
compared to other periods, speculation is that this is related to phenomena not addressed in this
study. During the partial AVL implementation period, dispatchers directed field units to calls as
was done during the pre AVL implementation period. Field units, who had access to real time
vehicle locations of other field units, were able to take into account not only proximity to call but
existing traffic and environmental conditions that could impact response time. This additional
information could allow for field units to direct each other in a more expedient manner to
improve response time to calls for service.

During the post AVL implementation period, telecommunicators identified the location of all
field units superimposed on a street map. Supplied with real time vehicle locations, dispatchers
would direct the closest field unit to the call without reference to traffic and local conditions.
Thus, in practice, direct AVL assignment may have not reduced the amount of time the caller has
to wait for a field unit because with full AVL implementation car assignments took into account
only car location. The ANOVA analysis suggests this may have been the case.

Law Enforcement, Community Policing and AVL

Perhaps the most interesting finding from this study was not what AVL can or can not
accomplish, but that agencies are still concerned with rapid response time. In spite of repeated
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findings demonstrating the lack of results emerging from rapid response time, agency
administrators still find their respective agency’s performance judged by how quickly a patrol
unit can respond to any call for service. While responding to a succession of calls, one call
immediately after another, is the standard measure of citizen perception of police service, this
measurement leaves law enforcement with little time to address the underlying causes of these
calls – poverty, decay, quality of life issues, and boredom to name but a few.

Thus the greatest impact of this study may be in refocusing the attention on the offloading of 91-1 calls for service to free up officers who can then focus their attention on the root causes for
these calls for service.

This offloading could be accomplished in several forms. The

implementation of a 3-1-1 non-emergency services number is to reduce the load and burden
placed on emergency services (Furey, 1997). By having the lowest priority calls, in the case of
ASPD Priority 3 calls for service, directed to an alternative number, 3-1-1, emergency resources,
law enforcement officers and telecommunicators, would not be burdened by such tasks and could
direct their efforts to addressing more pressing criminal matters.

The development of community service officers, generally non-sworn employees of a law
enforcement agency who generally handle non-violent and service type calls, allows law
enforcement officers additional time to handle more serious criminal offenses and to analyze and
address the root causes of crime in an attempt to reduce future need of and burden on law
enforcement services. The end result of call offloading, via 3-1-1 and community service
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officers, could lead to increased citizen satisfaction with law enforcement and improve the
police-community partnership – the goal of community policing.

Citizen satisfaction with response time may be based more on perception than on the actual
response time. Percy (1980) found that of the perception of 1,617 metropolitan respondents who
evaluated response time, only 12 percent regarded response time as slower than expected. The
vast majority thus felt response time was faster or the same as expected. The basis for this
perception is unknown though. Murphy (1985), later in an unrelated study, hypothesized that
customer satisfaction with response time is based on the timeframe provided by the
telecommunicator to the caller.

This time would then form the basis for the customer’s

expectation and would act as a gauge for which the customer would then develop the accepted
standard for that service request.

AVL can aid the telecommunicator in providing a more

accurate response time to the caller by allowing the telecommunicator to visualize the location of
the responding unit in regards to the caller’s location. Telecommunicators could be instructed to
provide estimated time of arrival based upon AVL information to calls for service. Pre-AVL
perimeters could be compared to post-AVL implementation in an agency to determine if AVL
had a significant impact on improving the customer satisfaction with police service when citizens
are provided with accurate response time.

As previously discussed, a substantial delay in response time occurs due to citizen delay in
reporting crime, which was about 5 minutes for involvement crimes compared to 10 minutes for
discovery crimes. Previous response time studies were based on the technologies and practices
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of the 1970s and early 1980s and explored the response time on impact on-scene arrests of
offenders.

Since those studies, several advancements in law enforcement practice and

technology have the potential to have a positive impact in improving law enforcement and
citizen response times. These advancements have not been researched as to their potential
impact on improving response time. Irrespective of the relationship between police response
time and on-scene arrest rates, the response time that law enforcement officers have to calls for
service has always been important to citizens calling for police services. Can response time be
improved to decrease the amount of time that passes from when a citizen discovers a crime to the
time law enforcement arrives on the scene (T2 to T6 in Figure 1)?

Technology and Law Enforcement Administrators

On June 07, 2005, the researcher discussed the AVL system with the current chief of the
Altamonte Springs Police Department. When AVL was initially implemented, ASPD had their
own employees, telecommunicators, who provided dispatching and communications. In 2004,
ASPD began the process of transferring dispatch and communications responsibilities to the
Seminole County Sheriff’s Office, Florida (SCSO). This transfer was complete in 2005 with
SCSO presently providing all dispatch and communications for ASPD. SCSO presently does not
have the ability to incorporate AVL into their communications equipment. As such, ASPD does
not today utilize AVL in dispatching or communications. Despite having had and then lost
AVL, the chief retains his beliefs and support for AVL and is presently seeking to push for the
implementation of AVL into the SCSO communications center.
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The chief views AVL as a very useful tool for the management of the agency and the supervision
of line officers.

He cited that areas of perimeters, liability reduction and control, risk

management and as a tool to deter folks from “doing what they are not supposed to be doing” as
reasons for his support. In addition, he sees AVL as a very valuable tool in the area of complaint
resolution as AVL can be utilized to resolve complaints as diverse as an officer speeding in a
certain area, officer untruthfulness during an internal investigation, and a traffic fatality related to
a vehicle pursuit. Of note, the chief failed to cite response time as a reason for his support of
AVL. Liability reduction appears to be more important than response time reduction.

The chief cited AVL as a useful tool in resolving concerns surrounding a fatal crash and a
vehicle pursuit. Concerns were raised as to whether ASPD units were pursuing a vehicle at the
time it collided with the vehicle. Based upon the AVL data, ASPD was able to show that its
units were not engaged in a pursuit with this vehicle at the time of the crash. Had officers been
pursuing the vehicle at the time of the crash and the pursuit violated agency policy, ASPD would
have been exposed to civil liability. As an acquisition of policy violation resulting in death can
lead to mounting legal costs, the ability to put such concerns of potential wrongdoing to rest in a
swift and certain manner can reduce an agency’s expenses and liability exposure.

If an officer is performing his/her duties properly, the chief believes AVL, and its resulting data,
can be utilized to free the officers from worry and concern regarding false or fictitious
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complaints. In this manner, AVL can also be utilized to demonstrate the agency is performing
as requested, desired or expected.

Many of these points raised by the chief can be categorized as contributing to a better community
policing agency. Timely resolution of citizen complaints of officer misconduct, accountability of
officers and equipment, reduction in agency liability thus reducing operating costs and the
taxpayers’ burden, all contribute to a more responsive agency. Thus the agency is then more
responsive to the citizens served. While AVL did not contribute to a reduction in response time
to calls for service, is AVL capable of assisting ASPD and the 4,500 plus like agencies in
meeting community policing goals and objectives?

The Future of AVL in Law Enforcement Applications

Further research surrounding the uses and impacts of AVL should focus in the area of complaint
resolution and employee monitoring. Can AVL implementation reduce officer misconduct,
improve complaint resolution or improve officer oversight by supervisors and managers? The
ability to handle complaints and disputes among the public, operators, and/or management may
be vastly improved. Complaints and areas where improvements are needed can be identified and
acted upon with the appropriate information being available. While monitoring and recording
systems have sometimes received a stigma as “big brother is watching” tools, they benefit
employees as well as management. Many disagreements that previously could not be assessed
because it was one person’s word against another can be addressed by viewing the AVL
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location/activity log. In times before the technology was implemented, the entire system was
based on trusting the word of the officer on his/her whereabouts or actions. When a customer
complains about the service of a situation involving the officer not arriving quickly enough or
not responding at all, AVL logs can be reviewed. Could certain types of inappropriate behavior
by officers be greatly discouraged when locations of vehicles and monitoring equipment are in
place? This area could be explored to determine if AVL demonstrates a significant impact on
officer behavior.

While officers expressed improved officer safety with AVL implementation, this study did not
specifically examine the impacts of AVL on officer safety. Does AVL improve the safety of line
officers in the field? Pre-AVL perimeters could be compared to post-AVL implementation in a
given agency to determine if AVL had a significant impact on improving the arrest/capture rates
when perimeters are established. Other aspects of officer safety, such as the time required to
locate officers who fail to respond to radio calls, the ability to locate and recover stolen agency
vehicles (and possibly kidnapped officers), and the ability to locate injured/disabled officers,
could all be analyzed in a pre-AVL/post-AVL comparison study.

If telecommunicators, administrators or fleet service managers could monitor engine sensors that
continuously track operating parameters such as temperature, shock and engine wear, they could
anticipate failures before they occur and thus reduce lost productivity due to vehicle troubles and
reduce costs by having the ability to correct smaller problems before they become catastrophic
vehicle failures? While this area has been explored in such fields as commercial trucking and
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public transportation, AVL impact in this area regarding law enforcement agencies has not been
conducted to date. Can AVL integration with other technologies decrease law enforcement fleet
operating costs or improve law enforcement fleet service?

In agencies that allow officers to take their patrol vehicles home, AVL could be utilized to
ensure the vehicle is where it is supposed to be at all times since it has the ability to record
detailed information about the vehicle while gathering highly accurate location information.
AVL allows administrators and telecommunicators to confirm officers are in their assigned
patrol areas and are being operated properly. AVL information can also be sent by the tracking
unit when certain parameters have been met, such as the emergency lights and sirens have been
activated or when the vehicle has exceeded the posted speed limit. Thus, could AVL be utilized
to reduce agency operating and fleet costs?

Technology of this type can raise several issues, both positive and negative. While possibly
reducing agency operating costs, this technology may produce a “big brother” effect in which the
officers feel the administration is watching over their every move, possibly having a potentially
negative impact on agency morale. This same technology that allows others to view their
location at all times can also have a positive impact on officer safety – allowing officers to come
to the aid of another in times of trouble when it may be difficult to radio in an exact location.
Can AVL technology assist ASPD and other agencies in reducing operating expenses by
allowing the agency to provide services in a more efficient manner? Could AVL allow ASPD to
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reduce the number of personnel in the patrol division thus negatively impacting the livelihood of
officers as well as overall morale?

AVL has the potential to integrate with commercially available products to impact law
enforcement response to particular calls. OnStar, for example, utilizes GPS to provide location
information to a dispatch facility for precise vehicle location (OnStar, 2006). If a vehicle is
reported stolen and this information is linked to the law enforcement communications center, it
could provide law enforcement officers in the field with real time stolen vehicle location. Could
the integration of OnStar information and AVL hardware improve the recovery time of stolen
vehicles? Future research into this area could answer this question.

While AVL has not demonstrated a significant impact in the area of response time to law
enforcement calls for service at ASPD, AVL has the potential to positively impact other areas of
law enforcement.

Further exploration into these areas could show AVL’s most important

contribution to law enforcement and the community not to be found in quicker response leading
to more arrests, but in the court of public opinion.
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APPENDIX A: SPSS SYNTAX
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*Sequence Charts .
TSPLOT VARIABLES= Response_Time_mean
/ID= time
/NOLOG
/FORMAT NOFILL NOREFERENCE
/MARK stage.
ONEWAY
Response_Time_mean BY stage
/STATISTICS DESCRIPTIVES
/PLOT MEANS
/MISSING ANALYSIS .
*Run this Regression for overall and for each Stage - Select cases if "Stage 1 = 1", "Stage 2 = 1",
"Stage 3 = 1"
REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS CI R ANOVA COLLIN TOL CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Response_Time_mean
/METHOD=ENTER time
/SCATTERPLOT=(*ZRESID ,*ZPRED )
/RESIDUALS DURBIN HIST(ZRESID) NORM(ZRESID)
/CASEWISE PLOT(ZRESID) OUTLIERS(3)
/SAVE PRED ZPRED COOK LEVER RESID ZRESID SRESID SDRESID SDFIT COVRATIO .
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APPENDIX B: ALL CALLS FOR SERVICE REGRESSION RESIDUAL
ANALYSIS
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The All Calls for Service data set was examined for violations of regression assumptions by an
inspection of a series of charts. Visual inspection of the standardized residuals, as seen in Figure
B1, shows the residuals to be normally distributed as required for regression.

Figure B1 – Histogram of All Calls for Service
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A linear relationship, which also reflects normal distribution of residuals, for All Calls for
Service residuals was found when a normal probability plot was inspected. Kurtosis and
skewness were also not reflected this plot, as viewed in Figure B2.
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Figure B2 – All Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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When tested for linearity, normality and homocedasticity via a scatterplot of standardized
residuals against their predicted values, see Figure B3, the scatterplot reveals no systematic,
differential patterns or clusters emerged indicating that the regression assumptions of linearity,
normality and homoscedasticty are violated. Collectively, these residuals diagnostics support the
empirical validity of the regression results.
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Figure B3 – All Calls for Service Scatterplot
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APPENDIX C: PRIORITY 3 CALLS FOR SERVICE REGRESSION RESIDUAL
ANALYSIS

104

The Priority 3 Calls for Service data set was examined for violations of regression assumptions
by an inspection of a series of charts. Visual inspection of the standardized residuals, as seen in
Figure C1, shows the residuals to be normally distributed as required for regression.

Figure C1 – Histogram of Priority 3 Calls for Service
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A linear relationship for Priority 3 Calls for Service residuals was found when a normal
probability plot was computed. Kurtosis and skewness were not reflected this plot, as viewed in
Figure C2.
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Figure C2 – Priority 3 Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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When tested for linearity, normality and homocedasticity utilizing a scatterplot of standardized
residuals against their predicted values, see Figure C3, the inspection reveals that the regression
assumptions of linearity, normality and homoscedasticty are not violated.
diagnostics support the empirical validity of the regression results.
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These residuals

Figure C3 – Priority 3 Calls for Service Scatterplot
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APPENDIX D: PRIORITY 2 CALLS FOR SERVICE REGRESSION
RESIDUAL ANALYSIS
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The Priority 2 Calls for Service data set was examined for violations of regression assumptions
by an inspection of a series of charts. The results, as seen in Figure D1, show the residuals to be
normally distributed.

Figure D1 – Histogram of Priority 2 Calls for Service
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When a normal probability plot was computed, a linear relationship for Priority 2 Calls for
Service residuals was found. Kurtosis and skewness were also not reflected this plot, as viewed
in Figure D2.
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Figure D2 – Priority 2 Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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As with prior analysis, when tested for linearity, normality and homocedasticity via a scatterplot
of standardized residuals against their predicted values, see Figure D3, reveals no suggestion that
the regression assumptions of linearity, normality and homoscedasticty are violated. These
residuals diagnostics support the validity of the regression results.
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Figure D3 – Priority 2 Calls for Service Scatterplot
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APPENDIX E: PRIORITY 1 CALLS FOR SERVICE REGRESSION RESIDUAL
ANALYSIS
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The Priority 1 Calls for Service data set was examined for violations of regression assumptions
by an inspection of a series of charts. Visual inspection of the standardized residuals, as seen in
Figure E1, shows the residuals to be normally distributed as required for regression.

Figure E1 – Histogram of Priority 1 Calls for Service
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As with prior analysis, a linear relationship for Priority 1 Calls for Service residuals was found
when a normal probability plot was compiled. Kurtosis and skewness were also not reflected
this plot, as viewed in Figure E2.
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Figure E2 – Priority 1 Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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Figure E3, when tested for linearity, normality and homocedasticity by a scatterplot of
standardized residuals against their predicted values, displays no systematic, differential patterns
or clusters emerged indicating the regression assumptions of linearity, normality and
homoscedasticty are violated. These residuals diagnostics support the empirical validity of the
regression results.
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Figure E3 – Priority 1 Calls for Service Scatterplot
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APPENDIX F: QUANTITATIVE ANALSIS SUMMARY TABLES
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Each priority level was dominated by a limited number of specific call types. Over half of the
given calls in any priority classification could be attributed to three or fewer individual call
classifications. In addition to the analysis of overall calls for service and the three specific
priority levels of calls for service, the most common call types of each priority were examined
individually to determine if AVL had a statistically significant impact on response time to these
common calls for service. Looking at the ANOVA summary in Table F1, the trend of weekly
response time being lower during the AVL partial implementation period than during the pre or
post AVL stages continues for the individual calls for service analyzed. While consistently
lower in stage 2, the substantive differences are not large, reflecting small average shifts in
seconds. Most important, the average weekly response time increased after AVL was fully
implemented to its greatest level for all categories analyzed with the exception of Alarm calls.
The average response time for Alarm calls during the post AVL implementation period dropped
by less than one second when compared to pre AVL implementation period. The finding of a
lower Stage 2 average weekly response time followed by Stage 3 having the highest average
weekly response time was interpreted in the Discussion section. As with the main results
reported in Chapter 4, these results do not show AVL capable to reduce response time to specific
calls for service in an important way.
Table F1 – Specific Calls for Service ANOVA Summary with Outliers Isolated/Removed
All Data
Category of Calls for Service
Alarm
Assist
Crash
Disturbance
Suspicious Person

F
1.491
6.572
3.612
3.388
.482

Sig.
.227
.002
.028
.035
.618
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Weekly Response Time Means
Stage 1
Stage 2
Stage 3
329.71
319.78
328.82
485.89
468.39
508.66
572.03
562.91
601.15
427.70
410.98
431.32
369.57
365.68
374.82

In Table F2 trends found in the previous analysis indicate that the overall impact of AVL on
response time for all categories analyzed is horizontal. Results do not suggest AVL’s ability to
diminish response time to specific calls for service in a sizable way.

Table F2 – Specific Calls for Service Regression Summary With Outliers Isolated/Removed
All Data Over 5 Year
Period
Category of
Calls for
Service
Alarm
Assist
Crash
Disturbance
Suspicious
Person

t
-.584
-.660
1.00
.163
.878

Sig.
.560
.510
.314
.871
.381

Trend
Flat
Flat
Flat
Flat
Flat

Stage 1
t
.447
-3.70
-.793
1.23
1.03

Sig.
.656
.000
.429
.219
.303

Stage 2

Trend
Flat
Negative
Flat
Flat
Flat
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t
-2.06
-1.12
1.52
1.69
.395

Sig.
.045
.267
.135
.097
.694

Trend
Negative
Flat
Flat
Flat
Flat

Stage 3
t
1.30
.780
--.379
-.627
.919

Sig.
.198
.439
.707
.534
.363

Trend
Flat
Flat
Flat
Flat
Flat

APPENDIX G: ALARM CALLS FOR SERVICE DATA SET ANALYSIS
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The initial sequence chart, as utilized in prior analysis, provided a visual representation of the
overall data set for Alarm calls for service over the entire five year data period. A visual
comparison of the three stages in Figure G1, pre AVL implementation period, partial AVL
implementation period and post AVL implementation period, displays changing trends between
the three stages based on all calls for service. Response time over the three periods shows
weekly variations with a range of 45 to 75 seconds, with the exception of weeks 100 and 2129.
An overall flat trend is suggested for the three AVL periods suggesting ASPD is neither
responding faster or slower to Alarm calls over the five year period.

9

Weeks 100 and 212 will be addressed later as outliers.
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Figure G1 – Sequence Chart of Alarm Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
AVL
Implementation
Periods

Partial
Implementation

Pre Implementation

Post
Implementation

Response_Time_mean
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time

Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
The ANOVA calculation compared the average response time mean for Alarm calls for service
for the three time periods. As viewed in Table G1, a significant change was observed when the
three stages are compared with one another. However, diagnostic statistics for the initial
ANOVA identified two weeks as possible outliers, as viewed in Table G2. These outliers were
then isolated based upon the diagnostic statistics. The identification of outlier weeks and their
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isolation had no significant impact on the results obtained as viewed in Table G1 (F= 2.336,
sig.=.040) and Table F3 (F=1.491, sig.=.011). Regarding the outliers viewed in Table G2, one
occurred during the pre implementation period and the other during the partial implementation
period. No common AVL related traits appear to link the outliers.
Table G1 – ANOVA of Alarm Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
7200.129

df
2

Mean Square
3600.065

403821.1
411021.3

262
264

1541.302

F
2.336

One Tail Sig.
.040

Table G2 – Alarm Calls for Service Outliers*
Week Number
100
212

Response Time
Mean
541.06
206.30

Std. Residual
5.376
-3.026

Predicted Value
328.8531
325.7316

Residual
212.20842
-119.432

*Outliers identified as greater than +/- 3 standard deviations
Table G3 – ANOVA of Alarm Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
3978.197

df
2

Mean Square
1989.098

346792.9
350771.1

260
262

1333.819

F
1.491

One Tail Sig.
.011

Displaying the lower and upper 95% confidence interval bounds for the response time mean for
Alarm calls for service, Table G4 shows the overlap between all stages indicating little
fluctuation over the five year period. Thus ASPD’s response time to Alarm calls was consistent
over the five year period. An examination of the means indicates that weekly response time was
significantly lower during the AVL partial implementation period than during the pre or post
AVL stages. While significantly lower though, the differences are not large, reflecting average
shifts of 10 and 9 seconds. The average weekly response time remained horizontal when
comparing pre implementation and post implementation means, less than one second mean
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difference, indicating ASPD’s was not responding substantially faster or slower to Alarm calls
during these periods. This result does not suggest a capability for AVL to reduce Alarm response
time in a considerable manner.
Table G4 – Descriptive Statistics for Response time for Alarm Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
52
49
263

Mean
329.71
319.78
328.82
327.58

Std. Deviation
35.65
39.30
36.31
36.58

95% Confidence Interval for Mean
Lower Bound
Upper Bound
324.18
335.24
308.83
330.72
318.39
339.25
323.14
332.02

In addition, the non statistically significant but unfavorable AVL average response time change
found in the ANOVA is not matched by a statistically significant change in the regression slope
as viewed in Table G5. The slopes or average response time trend for the three AVL time
periods were examined via a set of linear regressions where the weekly average response time
was regressed against time. Stage 1 and Stage 3 displayed non significant B values indicating a
statistically horizontal trend across that time period. ASPD’s response to Alarm calls was not
substantially faster or slower during these periods. Stage 2 displayed a significant negative B
value, reflecting a significant negative trend for response time that ASPD is responding faster
over the course of the time period.
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Table G5 – Alarm Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
-.017
.027
-.752
.476

t
-.584
.447
-2.060
1.307

Sig.
.560
.656
.045
.198

95% Confidence Interval
for B
Upper
Bound
Lower Bound
-.075
.041
-.091
.144
-1.486
-.019
-.257
1.208

Trend
Flat
Flat
Negative
Flat

The overall trend for response times means for Alarm calls for service is essentially horizontal.
Table G5 displays a negative lower bound and a positive upper bound (-.075 and .041
respectively), and an insignificant B value (t=-.584, sig.=.560). Of direct theoretical interest as
they reflect AVL implementation stages, similar regression analysis was also conducted on each
of the three individual stages of Alarm Calls for Service. Stage 1 and Stage 3 both display
statistically flat trends for response time means, each with negative lower bound and positive
upper bound 95 percent confidence intervals, indicating ASPD’s response time for Alarm calls
during these stages is consistent. Stage 2 displays a statistically negative trend for response time
means, with negative lower bound and negative upper bound 95 percent confidence interval,
indicating ASPD is responding quicker to Alarm calls during this stage. The impact of AVL on
response time for Alarm calls for service is horizontal and demonstrating AVL has no impact on
response time to Alarm calls for service. The trend that does emerge in the ANOVA between the
average weekly response times is not in the negative direction that one would expect if AVL
resulted in a reduction in ASPD Alarm response time.
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The Alarm Calls for Service data set was examined for violations of regression assumptions by
an inspection of a series of charts. Visual inspection of the standardized residuals, as seen in
Figure G2, shows the residuals to be normally distributed as required for regression.

Figure G2 – Histogram of Alarm Calls for Service

Histogram
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A linear relationship, which also reflects normal distribution of residuals, for Alarm Calls for
Service residuals was found when a normal probability plot was inspected.
skewness were also not reflected this plot, as viewed in Figure G3.
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Kurtosis and

Figure G3 – Alarm Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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When tested for linearity, normality and homocedasticity via a scatterplot of standardized
residuals against their predicted values, see Figure G4, no systematic, differential patterns or
clusters emerged indicating that the regression assumptions of linearity, normality and
homoscedasticty are violated. Collectively, these residuals diagnostics support the empirical
validity of the regression results.
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Figure G4 – Alarm Calls for Service Scatterplot
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Presented in Figure H1, the initial sequence chart provides a visual rendition of the data set for
the three stages of Assist calls for service over the analysis period. Response time over the three
periods shows weekly variations with a range of 60 to 90 seconds, with the exception of week
19610.

An initial negative trend during pre AVL implementation period is followed by a

horizontal trend during the partial implementation period turning to a possible slight positive
trend suggested for the post implementation period indicates AVL may be slowing down
ASPD’s response to Assist calls.

10

Week 196 will be addressed later as an outlier.
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Figure H1 – Sequence Chart of Assist Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
AVL
Implementation
Periods

Partial
Implementation

Pre Implementation

Post
Implementation
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time

Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
A one way ANOVA was calculated to compare the average response time mean for Assist calls
for service expressed in seconds for the three time periods. Table H1 shows a significant change
was observed when the three stages are compared with one another (F= 3.116, sig.=.020). The
initial ANOVA identified three weeks as outliers, as viewed in Table H2. These outliers were
then deleted due to this identification. As can be seen the identification of outlier weeks and
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deletion of the outliers had no significant impact on the results obtained as viewed in Table H3
(F=6.572, sig.=.000). Regarding the outliers viewed in Table H2, two occurred during the pre
implementation period and the other during the partial implementation period. No common
AVL related traits appear to link the outliers.
Table H1 – ANOVA of Assist Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
26269.399

df
2

Mean Square
1313.699

1104255
1130524

262
264

4214.714

F
3.116

One Tail Sig.
.020

Table H2 – Assist Calls for Service Outliers*
Week Number
63
68
196

Response Time
Mean
690.63
691.09
931.07

Std. Residual
3.032
3.041
6.762

Predicted Value
491.9927
491.8431
488.0130

Residual
198.63888
199.24783
443.05457

*Outliers identified as greater than +/- 3 standard deviations
Table H3 – ANOVA of Assist Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
41171.711

df
2

Mean Square
20585.856

811236.8
852408.5

259
261

3132.188

F
6.572

One Tail Sig.
.000

Table H4, displaying the lower and upper 95% confidence interval bounds, exhibits overlap
between Stage 1 and Stage 2. Overlap can also be viewed between Stage 1 and Stage 3. There is
no overlap between Stage 2 and Stage 3. This indicates that weekly response time was lower
during the AVL partial implementation period than during the pre or post AVL stages. The
differences are not large, reflecting average shifts of 17 and 20 seconds. Of particular interest it
the average weekly response time. It increased after AVL was fully implemented. These results
do not propose AVL’s capacity to have a significant impact on reducing Assist response time.
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Table H4 – Descriptive Statistics for Response time for Assist Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
161
52
49
262

Mean
485.89
468.39
508.66
486.68

Std. Deviation
53.47
51.05
67.80
57.14

95% Confidence Interval for Mean
Lower Bound
Upper Bound
477.57
494.21
454.18
482.60
489.19
528.14
479.72
493.63

The statistically significant but unfavorable AVL average response time change found in the
ANOVA does not draw a parallel to a statistically significant change in the regression slope in
Table H5. Non significant B values, found during Stage 2 and Stage 3 implementation, indicate
a statistically horizontal trend across that time period, indicating ASPD is not responding faster
or slower to Assist calls during these stages. The significant negative B value found with Stage 1
reflects a significant negative trend for response time, indicating ASPD is responding faster over
the course of the time period. AVL implementation appears to have ceased a negative trend in
response time for Assist calls.
Table H5 – Assist Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
-.030
-.318
-.514
.536

t
-.660
-3.704
-1.123
.780

Sig.
.510
.000
.267
.439

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.121
.060
-.487
-.148
-1.434
.406
-.847
1.920

Trend
Flat
Negative
Flat
Flat

The negative lower bound and a positive upper bound (-.121 and .060 respectively) and
insignificant B value (t=.-.660, sig.=.510) in Table H5 demonstrates the overall trend for
response times means for all calls for service is statistically horizontal. This is an indication
ASPD is not responding faster or slower to Assist calls over the full five years of the study.
Similar regression analysis was also conducted on each of the three individual stages of Assist
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Calls for Service. Stage 1 displays a statistically negative trend for response time means as well,
with negative lower bound and negative upper bound 95 percent confidence interval, indicating
ASPD is responding faster to Assist calls for service.

Stage 2 and Stage 3 both display

statistically horizontal trends for response time means as well, indicating ASPD is not
responding faster or slower to Assist calls for service. Based upon these findings it appears as
AVL stifled a negative trend in ASPD response time to Assist calls. The overall impact of AVL
on response time for Assist calls for service is horizontal and showing AVL has no overall
impact on response time to Assist calls for service. The statistically significant difference that
does emerge in the ANOVA between the average weekly response times is not in the negative
direction that one would expect if AVL helped ASPD Assist response time.

The Assist Calls for Service data set was examined for violations of regression assumptions by
an inspection of a series of charts. Visual inspection of the standardized residuals, as seen in
Figure H2, shows the residuals to be normally distributed as required for regression.
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Figure H2 – Histogram of Assist Calls for Service
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A linear relationship for Assist Calls for Service residuals was found when a normal probability
plot was computed. Kurtosis and skewness were also not reflected this plot, as viewed in Figure
H3.

134

Figure H3 – Assist Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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Testing for linearity, normality and homocedasticity utilizing a scatterplot of standardized
residuals against their predicted values in Figure H4, this inspection reveals that the regression
assumptions of linearity, normality and homoscedasticty are not violated.
diagnostics support the empirical validity of the regression results.
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These residuals

Figure H4 – Assist Calls for Service Scatterplot
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As with prior analyses, the sequence chart provides a visual representation of the overall data set
over the five year data period. A visual comparison of the three stages for Crash calls for service
in Figure I1 displays changing trends. As can be seen, response time over the three periods
shows weekly variations with a range of 60 to 90 seconds, with the exception of weeks 98, 180
and 24811. An initial horizontal trend, indicating consistent response time, during pre AVL
implementation period is followed by a relatively horizontal or possible slight positive trend
during the partial implementation period that seemingly continues through the post
implementation period, implies ASPD response time may be increasing over this time period.

11

Weeks 98, 180 and 248 will be addressed later as outliers.
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Figure I1 – Sequence Chart of Crash Calls for Service Week 1 to Week 265 (Response Time
Mean in Seconds, Time in Weeks)
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time

Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
The ANOVA comparison of Crash calls for service, in Table I1, shows a significant change
when the three stages are compared with one another (F= 4.625, sig.=.000). ANOVA diagnostic
statistics identified three weeks as outliers, as viewed in Table I2. These outliers were deleted.
As viewed in Table I3, the identification of outlier weeks and deletion of these outliers had no
significant impact on the results obtained (F=3.612, sig.=.010). Regarding the outliers viewed in
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Table I2, one occurred during each implementation period. No common AVL related traits
appear to link the outliers.
Table I1 – ANOVA of Crash Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
68228.667

df
2

Mean Square
34114.334

1932719
2000948

262
264

7376.790

F
4.625

One Tail Sig.
.000

Table I2 – Crash Calls for Service Outliers*
Week Number
98
180
248

Response Time
Mean
1065.20
317.32
971.51

Std. Residual
5.627
-3.033
4.426

Predicted Value
575.3977
581.3269
586.2437

Residual
489.79737
-264.003
385.26976

*Outliers identified as greater than +/- 3 standard deviations
Table I3 – ANOVA of Crash Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
41765.315

df
2

Mean Square
20882.658

1497462
1539227

259
261

5781.705

F
3.612

One Tail Sig.
.010

With the lower and upper 95% confidence interval bounds for the response time mean for all
calls for service, Table I4 displays the lack of a substantial change in response time between the
stages, as indicated by overlap between all stages. Stage 2 however shows weekly response time
was lower during the AVL partial implementation period than during the pre or post AVL stages,
as the upper bound of Stage 2 is above the lower bounds of Stage 1 and Stage 3. While lower,
the 10 and 39 second differences are not large. As identified in prior analysis, the average
weekly response time also increased for Crash calls after AVL was fully implemented. This
result does not suggest an AVL capability to reduce Crash response time in a sizable way.
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Table I4 – Descriptive Statistics for Response time for Crash Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
52
48
262

Mean
572.03
562.91
601.15
575.56

Std. Deviation
77.04
75.76
72.80
76.79

95% Confidence Interval for Mean
Lower Bound
Upper Bound
560.08
583.99
541.82
584.01
580.01
622.29
566.21
584.90

The statistically significant but unfavorable AVL impact on average response time change found
in the ANOVA was not found in the Table I5 regression analysis. Non significant B values for
all three stages, Stage 1, Stage 2 and Stage 3, indicate a statistically horizontal trend across each
time period implying that ASPD is not responding faster or slower to Crash calls for service.
Table I5 – Crash Calls for Service Isolated Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
.062
-.102
1.109
-.282

t
1.008
-.793
1.520
--.379

Sig.
.314
.429
.135
.707

95% Confidence Interval
for B
Upper
Bound
Lower Bound
-.060
.185
-.356
.152
-.356
2.574
-1.779
1.216

Trend
Flat
Flat
Flat
Flat

The overall trend for response times means for all calls for service is statistically horizontal.
With a negative lower bound and a positive upper bound (-.060 and .185 respectively), and an
insignificant B value (t=1.008, sig.=.314), these indicators show ASPD is not responding faster
or slower to Crash calls over the five year period.

Of interest as they reflect AVL

implementation stages, the regression analysis was conducted on each of the three individual
stages of Crash Calls for Service. All stages display statistically horizontal trends for response
time means as well. These indicate ASPD is not responding significantly faster or slower to
Crash calls. The overall impact of AVL on response time for Crash calls for service is horizontal
and showing AVL has no overall impact on response time to Crash calls for service. The
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statistically significant difference that does emerge in the ANOVA between the average weekly
response times is not in the negative direction that one would expect if AVL resulted in any
reduction in ASPD Crash response time.

The Crash Calls for Service data set was examined for violations of regression assumptions by
an inspection of a series of charts. The results, as seen in Figure I2, show the residuals to be
normally distributed as required for regression.

Figure I2 – Histogram of Crash Calls for Service
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Mean =9.46E-16�
Std. Dev. =0.998�
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When a normal probability pot was computed, a linear relationship for Crash Calls for Service
residuals was found. Kurtosis and skewness were also not reflected this plot, as viewed in Figure
I3.

Figure I3 – Crash Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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As with prior analysis, when tested for linearity, normality and homocedasticity via a scatterplot
of standardized residuals against their predicted values, Figure I4 reveals no systematic,
differential patterns or clusters indicating that the regression assumptions of linearity, normality
and homoscedasticty are violated.

These residuals diagnostics support the validity of the

regression results.
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Figure I4 – Crash Calls for Service Scatterplot
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An initial sequence chart, presented in Figure J1, was utilized to provide a visual representation
of the overall data set for Disturbance calls for service over the entire five year data period.
Response time over the three periods shows weekly variations with a range of 30 to 45 seconds,
with the exception of weeks 144 and 20112. A horizontal trend is suggested for the three AVL
periods indicating that ASPD’s response time changed little over the analysis period.

12

Weeks 144 and 201 will be addressed later as outliers.
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Figure J1 – Sequence Chart of Disturbance Calls for Service Week 1 to Week 265 (Response
Time Mean in Seconds, Time in Weeks)
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time

Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
As with prior analysis, a one way ANOVA was calculated for Disturbance calls for service
expressed. As viewed in Table J1, a significant change was not observed when the three stages
are compared with one another (F= 1.608, sig.=.100). Diagnostic statistics for the initial
ANOVA identified two weeks as outliers, as viewed in Table J2. These outliers were then
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deleted, based on this identification. The identification of outlier weeks and their subsequent
deletion had a significant impact on the results obtained as viewed in Table J3 (F=3.388,
sig.=.001).

Regarding the outliers viewed in Table J2, one occurred during the pre

implementation period and the other during the partial implementation period. No common
AVL related traits appear to link the outliers.
Table J1 – ANOVA of Disturbance Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
7600.884

df
2

Mean Square
3800.442

619113.6
626714.5

262
264

2363.029

F
1.608

One Tail Sig.
.100

Table J2 – Disturbance Calls for Service Outliers*
Week Number
144
201

Response Time
Mean
605.53
687.68

Std. Residual
3.660
5.322

Predicted Value
426.9474
428.0106

Residual
178.57756
259.66936

*Outliers identified as greater than +/- 3 standard deviations
Table J3 – ANOVA of Disturbance Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
13358.527

df
2

Mean Square
6679.264

512569.0
525927.5

260
262

1971.419

F
3.388

One Tail Sig.
.010

Table J4 displays the lower and upper 95% confidence interval bounds for the response time
mean for all calls for service. The overlap between all stages indicates little change in ASPD’s
response time to Disturbance calls for service. Stage 2 however shows weekly response time was
lower during the AVL partial implementation period than during the other AVL stages, as the
upper bound of Stage 2 is slightly above the lower bounds of Stage 1 and Stage 3. The
differences are not large, reflecting average shifts of 17 and 21 seconds. An increase in average
weekly response time was observed after AVL was fully implemented. This indicates ASPD is
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taking longer to respond to Disturbance calls for service.

AVL has not demonstrated the

capability to reduce Disturbance response time.
Table J4 – Descriptive Statistics for Response time for Disturbance Calls for Service in Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
52
49
263

Mean
427.70
410.98
431.32
425.07

Std. Deviation
45.92
44.15
39.16
44.80

95% Confidence Interval for Mean
Lower Bound
Upper Bound
420.57
434.82
398.68
423.27
420.07
442.57
419.63
430.51

The unfavorable but statistically significant AVL impact on average response time change found
in the ANOVA does not correspond to a change in the Table J5 regression slope.

Non

significant B values corresponding to Stage 1 and Stage 3 indicate a statistically horizontal trend
across that time period. This indicates ASPD is not responding faster or slower to Disturbance
calls for service. Stage 2 has a statistically significant positive B values. This reflects a
significant positive trend for Disturbance response time. ASPD is responding slower on average
over the course of these time period.
Table J5 – Disturbance Calls for Service Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
.006
.095
.663
-.250

t
.163
1.235
1.693
-.627

Sig.
.871
.219
.097
.534

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.065
.077
-.057
.246
-.123
1.449
-1.051
.551

Trend
Flat
Flat
Flat
Flat

With a negative lower bound and a positive upper bound (-.065 and .077 respectively), and an
insignificant B value (t=.163, sig.=.871), the overall trend for response times means for
Disturbance calls for service is statistically horizontal, indicating ASPD is not responding faster
or slower to Disturbance calls for service over the full five year period. Similar regression
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analysis was also conducted on each of the three individual stages of Disturbance calls for
service. Stage 1, Stage 2 and Stage 3 all display statistically horizontal trends for response time
means, indicating consistent response times to Disturbance calls over time. The overall impact
of AVL on response time for Disturbance calls for service is horizontal and showing AVL has no
overall impact on response time to Disturbance calls for service. While a statistically significant
difference that does emerge in the ANOVA, it is not in the negative direction that one would
expect if AVL resulted in a reduction in ASPD Disturbance response time.

The Disturbance Calls for Service data set was examined for violations of regression
assumptions by inspection of a series of charts. Visual inspection of the standardized residuals,
as seen in Figure J2, shows the residuals to be normally distributed as required for regression.
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Figure J2 – Histogram of Disturbance Calls for Service
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As with prior analysis, a linear relationship for Disturbance Calls for Service residuals was found
when a normal probability plot was computed. Kurtosis and skewness were also not reflected
this plot, as viewed in Figure J3.
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Figure J3 – Disturbance Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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Figure J4 displays the test for linearity, normality and homocedasticity via a scatterplot of
standardized residuals against their predicted values. No systematic, differential patterns or
clusters emerged to indicate that the regression assumptions of linearity, normality and
homoscedasticty are violated. These residuals diagnostics support the empirical validity of the
regression results.
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Figure J4 – Disturbance Calls for Service Scatterplot
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APPENDIX K: SUSPICIOUS PERSON CALLS FOR SERVICE DATA SET
ANALYSIS
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Figure K1 provides a visual representation of the data for Suspicious Person calls for service
over the entire five year data period. Response time over the three periods shows weekly
variations with a range of 60 to 90 seconds, with the exception of week 10613. The horizontal
trend suggested for the three AVL periods indicates ASPD is not responding faster or slower to
Suspicious Person calls over the observed five year period.

13

Week 106 will be addressed later as an outlier.
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Figure K1 – Sequence Chart of Suspicious Person Calls for Service Week 1 to Week 265
(Response Time Mean in Seconds, Time in Weeks)
AVL
Implementation
Periods

Partial
Implementation

Pre Implementation

Post
Implementation

1000.00
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time

Response Time mean is expressed in overall seconds.
Time is expressed in week number over the 5 year period.
The ANOVA comparison of the average response time mean for Suspicious Person calls for
service, viewed in Table K1, shows a significant change was not observed when the three stages
are compared with one another (F= .445, sig.=.320). Diagnostic statistics for the initial ANOVA
identified one week as an outlier, as viewed in Table K2.
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This outlier, identified by the

diagnostic statistics, was then deleted. As viewed in Table K3, the identification of the outlier
week and its deletion of this outlier had no significant impact on the results obtained (F=.482,
sig.=.300).
Table K1 – ANOVA of Suspicious Person Calls for Service Response Time Mean
Between
Groups
Within Groups
Total

Sum of
Squares
2208.843

df
2

Mean Square
1104.422

650029.7
652238.6

262
264

2481.029

F
.445

One Tail Sig.
.320

Table K2 – Suspicious Person Calls for Service Outliers*
Week Number
106

Response Time
Mean
634.82

Std. Residual
5.323

Predicted Value
369.9996

Residual
264.81856

*Outliers identified as greater than +/- 3 standard deviations
Table K3 – ANOVA of Suspicious Person Calls for Service Response Time Outliers Mean
Between
Groups
Within Groups
Total

Sum of
Squares
2144.469

df
2

Mean Square
1072.234

580108.8
582253.3

261
263

2222.63

F
.482

One Tail Sig.
.300

The overlap between all stages, as viewed in Table K4, indicates little fluctuation in response
time to Suspicious Person calls over the five year period. As viewed in previous analysis, Stage
2 however shows weekly response time was lower during the AVL partial implementation period
than during the pre or post AVL stages. Reflecting average lower time shifts of 4 and 9 seconds,
the differences are not large. After AVL was fully implemented, the average weekly response
time increased. This indicates it was taking ASPD longer to respond to Suspicious Person calls
during this time period. AVL has not demonstrated the capability to reduce Suspicious Person
response time.
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Table K4 – Descriptive Statistics for Response time for Suspicious Person Calls for Service in
Seconds
Stage
1
Pre
2
Partial
3
Post
Total

N
162
53
49
264

Mean
369.57
365.68
374.82
369.77

Std. Deviation
46.34
46.40
50.50
47.05

95% Confidence Interval for Mean
Lower Bound
Upper Bound
362.38
376.76
352.89
378.47
360.32
389.33
364.06
375.47

As with previous analysis, the statistically insignificant but unfavorable AVL impact on average
response time change found in the ANOVA was not found in the regression analysis in Table
K5. The non significant B values indicated for Stage 1, Stage 2 and Stage 3 demonstrate a
statistically horizontal trend across those time periods, indicating ASPD was not responding
significantly faster or slower to Suspicious Person calls over the five year period.
Table K5 – Suspicious Person Calls for Service Isolated Regression
Stage

Unstandardized Coefficients

Overall
Stage 1
Stage 2
Stage 3

B
.033
.080
.166
.470

t
.878
1.034
.395
.919

Sig.
.381
.303
.694
.363

95% Confidence Interval
for B
Upper
Lower Bound
Bound
-.041
.108
-.073
.232
-.677
1.009
-.558
1.498

Trend
Flat
Flat
Flat
Flat

The overall trend for response times means for Suspicious Person calls for service, as viewed in
Table K5, is horizontal.

A regression analysis was then conducted on each of the three

individual stages of Suspicious Person calls for service. Stage 1, Stage 2 and Stage 3 all display
statistically horizontal trends for response time means. Each having negative lower bound and
positive upper bound 95 percent confidence interval indicates ASPD is responding in a
consistent timeframe during all five years. The overall impact of AVL on response time for
Suspicious Person calls for service is horizontal. This demonstrates AVL has no impact on
response time to Suspicious Person calls for service. Observed trends are not in the negative
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direction that one would expect if AVL resulted in a reduction in ASPD Suspicious Person
response time.

An inspection of a series of charts was used to examine the Suspicious Person Calls for Service
data set for regression assumptions. Visual inspection of the standardized residuals, as seen in
Figure K2, shows the residuals to be normally distributed as required for regression.

Figure K2 – Histogram of Suspicious Person Calls for Service
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A linear relationship for Suspicious Person Calls for Service residuals was found when a normal
probability plot was computed. Kurtosis and skewness were also not reflected this plot, as
viewed in Figure K3.
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Figure K3 – Suspicious Person Calls for Service Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual
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Figure K4, testing for linearity, normality and homocedasticity via a scatterplot of standardized
residuals against their predicted values, reveals no systematic, differential patterns or clusters to
indicate the regression assumptions of linearity, normality and homoscedasticty are violated.
Together, these residuals diagnostics support the empirical validity of the regression results.

160

Figure K4 – Suspicious Person Calls for Service Scatterplot
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APPENDIX L: IMPLIED CONSENT
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Charles Russo of the Department of Criminal Justice and Legal Studies at the University of
Central Florida is conducting a study of the Automatic Vehicle Locator system at the Altamonte
Springs Police Department. Through your participation, we hope to identify key uses, strengths,
weaknesses and concerns that could impact this system.

Your answers are important to the success of this study and your careful responses to the
questions will be greatly appreciated. For this reason, it is requested that this interview be audio
taped.

All survey responses are completely confidential and your responses will be

kept anonymous. You do not have to answer any question you do not wish to answer. You may
withdraw your consent to be audio taped if you wish. You may withdraw your consent and
discontinue your participation at any time. All individual responses will be combined and
analyzed as a single data set. Should you have any questions regarding this survey you may
contact Charles Russo at the University of Central Florida.

This interview should take approximately 15 minutes to complete. Do you understand what I
have read to you and had ample opportunity to ask questions? Are you willing to participate in
this study?

Thank you for your time and cooperation.
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APPENDIX M: INTERVIEW SUMMARIES
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The thirteen interviewees consisted of ASPD personnel who were on duty between the hours of 10:00am and
4:00pm on June 07, 2005.
How did you utilize the AVL system? 13 respondents

As a manager

As an address locator

To research complaints regarding driving

As the shift supervisor

As a project manager

Kept track of units

As a master police officer

For high priority calls

To oversee the shift

Setting perimeters

To determine the location of the officers

To resolve complaints on officers

To approximate response time

As the watch commander

To establish perimeters

To determine officer location

As the traffic supervisor

To determine time at a location

To determine unit locations for calls

It was mounted in my vehicle

Perimeter application

Used for perimeters

For major incidents

To find the location of others

For perimeters

To track other units

Manpower allocation/coverage

Call type

For the patrol division

To cut down on radio traffic

Used it in the patrol car

In the supervisor role

I looked at it

To set up and plug holes in perimeters

Use to locate other officers

If unable to raise an officer on the radio

In checking other units

Inner and outer perimeters
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How do you feel about the AVL system? 13 respondents

Very positive

No problem

Good officer safety/management tool

Keep perspective on an incident

Helps to set up perimeters for calls for service

Didn’t like it

Know where units are while on traffic stops

Never working

Didn’t bother me

Unreliable

No problems

Not properly trained on how to utilize it

Good

Liked it

Hung up at times

Ability to determine location

Units “pop” up

Had lag time

Positive

Locked on a certain location at times

Good tool

Perimeters

Can be used against you

Good system

Big brother feel

Location

Stance depends on assignment

Light at location – locked up

Alright

Good

Problems getting stuck

Motivations questionable

Showed unit outside of city when unit was in

Liked it

city

Officer safety issues

Great tool for perimeters

Location knowledge

Reduces percentage of leaving a gap in the

Uncomfortable with it

perimeter

Uncomfortable with supervisors accessing it
Eventually alright – it blended in
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What benefits have you seen as to having the AVL system? 13 respondents

Disprove allegations such as speeding by
officers
Useful in internal affairs investigations
If unable to raise an officer on the radio you
can send units to that location

Find officers not answering the radio
Can get you out of trouble in case of a false
complaint
Officer safety
If someone is on a traffic stop and doesn’t

Visual observation of things

answer the radio you can respond to their

Know where people are/are going

location

Directional aid

Perimeters

Can zero in on a location

Officer location and coverage

Knowing where units are

Speed of officer

Determining closeness to calls

Speed and direction of travel of officer

Setting perimeters

Officer safety

Useful when at the station or in the mobile

Resolution of false complaint

command center

In emergencies

Provides a brief summary of activity

Locating officers not answering the radio

Location of everyone during a major incident

Officer safety

Dispatch can send/direct a closer unit

Assist with more professional perimeters

If accurate then it is a plus

Believe more people were caught due to better

You can see where units are
Visual display
Locating other units
Finding unknown locations
Complaint resolution
Officer safety

perimeters
Increased teamwork – officers covering each
other
AVL on midnight shift easier to use due to
less outside variables – traffic, etc.
Received a call about a marked unit at a high

Perimeters

school in Orange County. Pulled it up

Setting up on calls

and confirmed its location. Recovered it

Helps new officers with area orientation

and resolved the incident. Discovered the

If it worked

officer was using the car for personal use.
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What drawbacks have you seen as to having the AVL system? 13 respondents

Resistance during implementation phase

Did not work all the time

Big brother

Reliability

Agency stated concerns a disguise

Did not work all the time

Vendor issues

Get in trouble due to not updating

Not shared by other agencies

None

Delay

Inconsistent data

Updating of information not timely enough

None

Ghost cars

Incorrect data – a car doing 120mph on I-4 for

Must be able to read into the data

8 continuous hours

Didn’t see any

Must manual refresh at times

Troop perception was they were being

Incorrect location due to delay

watched
If not doing anything wrong – should be no
worries

Didn’t always work
Log on and locked in regardless of where you
were – never reset

Big brother

Not in all vehicles

Battery draw on the motorcycles

Not in bordering agencies

Inaccurate

AVL not utilized enough

Location displayed may not be actual location

Buy-in/Big brother perception held by line

for up to an entire shift

officers

Difficult to perform a hard reset

Big brother

Difficult to access plugs

Not accurate

Location in vehicle due to problems with

Not in real time

implementation and maintenance

Lag in updates

Misused by administration
Big brother

Could be used to determine officer location, if
officer is sitting or goofing off
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What positive experiences have you had with the AVL system? 13 respondents

Ability to see where cars are

Officer safety and unit checks

Redirect officers

None

Convenience

To locate a unit unable to be raised on the

Ability to place people

radio

To see things

Foot pursuits

Know your city limits

Perimeters

Responding outside of city limits

Officers taking initiative with using it to set a

Management tool
Mall evacuation to assist with the evacuation,

perimeter
In the case of a foot pursuit that led to a

assist with the perimeter and to keep track

drowning – due to the perimeter we were

of personnel

able to set up we were certain the person

Many time being able to know where all were
on a hot call such as a burglary in
progress
Reassign the primary unit
Nothing comes to mind but I was on dayshift

did not get out
Starting to be utilized by dispatch and better
dispatching due to visual cues
Success in breaching big brother due to
variables and nature of calls and usage

None

Wish we still had it

None

Strong officer safety tool

Personally none

Positive impact on tactical situations

Set up perimeters

Unit did not come up on the radio and we

Plug gaps in perimeters

were able to locate the officer based upon
the map location
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What negative experiences have you had with the AVL system? 13 respondents

Technology lapses
Implementation

I did not like it when I am off duty and my
vehicle shows up on the map

Technology failed

Only worked half the time

Software issues

Not working

Not real time

None

Timely updates

System down when an officer was in a foot

Show a car at a fixed location when actually it
is mobile/moving

pursuit and the perp doubled back and got
the officer’s car and drove off. Car was

Battery drain on motor

recovered the next day in Pine Hills.

Maintenance

With this car the officer’s AVL unit was

When it broken it was really broken!

down for several days and the officer was

On midnights there was no technical support

told to get it fixed. The officer failed to

for software or hardware issues
System showed you as being in Casselberry at
times for no reason

get it fixed.
Used for discipline – citizen complaints
Perception of big brother

Inaccurate

None

Showed officer at home in Longwood when

Inaccurate

the officer was working in the city
Showed you in an area when you were not
even there or near there
None

Not accurate within 30 yards
Provided general location and not pinpoint
Not all vehicles had it
Flaws believed to be in the software
Unit showed fixed while it was mobile
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On June 07, 2005, the researcher discussed the AVL system with Chief Robert Merchant of the
Altamonte Springs Police Department, Florida (ASPD).
Chief

Helped with UCF basketball coach fatal crash. It confirmed ASPD terminated vehicle pursuit
prior to crash
Used for complaint resolution – citizen called on officer speeding, officer doing 52mph in a
35mph zone, officer given verbal reprimand
Believes in the system
Seeking to implement AVL with another vendor
Useful tool for management/supervision
Could be used in resolving other internal cases – it sustained an officer in a case involving
untruthfulness – if AVL data existed it could have been shown to the officer in hopes of
avoiding the untruthfulness issue
Sees it as a valuable tool
Liability reduction/control
Resolving complaints
Perimeters
Risk management
Deter folks from doing what they are not supposed to be doing
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