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PREFACE 

This report addresses the use and evaluation of computer-based 
technology as it relates to police command, control, and communication 
(PCCC) systems. It is the Final Report for a two-year grant to Public 
Systems Evaluation, Inc. (PSE) to conduct a Phase I National Evaluation 
Program (NEP) assessment for the National Institute of Justice. The 
focus is on four PCCC technologies: Computer-Aided Dispatch, Mobile 
Digital Communications, Nine-One-One, and Automatic Vehicle Monitoring; 
and two related application areas: Regional Communication Systems and 
Formal Deployment Methods. 

The evaluation is not intended to offer a detailed review of particular 
systems but instead provides a general assessment of the issues and problems 
of PCCC systems. In particular, the document examines the historical back
ground and evolution of the PCCC technologies; reviews the existing evaluation 
literature on PCCC systems; discusses a number of cost considerations; presents 
a possible PCCC evaluation framework; and outlines areas where further research 
is indicated. As such, the report provides useful information for police 
departments considering the implementation of one or more of these PCCC 
technologies, for police analysts, for independent evaluators, and for vendors 
of PCCC technologies. 
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EXECUTIVE SUMMARY 

This report addresses the use and evaluation of computer-based technology 
as it relates to police command, control, and communications (PCCC). It is 
the Final Report for a two-year National Evaluation Project (NEP) Phase I 
Study funded by the National Institute of Justice to conduct a national 
assessment of PCCC systems. 

Background 

PCCC systems were specifically highlighted by the President's Commission 
on Law Enforcement and the Administration of Justice in 1967 as a possible 
means of improving police service. Since then there has been a steady 
movement toward the design and implementation of a wije variety of PCCC-related 
technologies. However, the initial rate for impleme~ting automated PCCC 
systems was quite slow--far below early predictions--and results often fell 
below expectations. In recent years there has been an increase in the number 
of implemented PCCC systems and applications. There are now more than 80 
police Comp~ter-Aided Dispatch (CAD) systems throughout the country which 
are operational or in the process of being implemented, some 30 Mobile Digital 
Communication (MDC) systems, approximately 800 Nine-One-One (911) systems, 
and 3 Automatic Vehicle Monitoring (AVM) systems. However, the success of 
and approach toward PCCC seems to vary significantly among police departments, 
and a number of questions remai~ as to the benefits and impacts of such efforts. 

Project Scope 

Initially the focus of the project was on police command and control 
systems. However, we have expanded the study area to include communications 
as it overlaps with command and control. To highlight this change, we are 
using the term police command, control, and communications (PCCC) to refer 
to the overall topic area. The primary focus of the evaluation still 
remains on command and control; police communications have been included 
only to the extent that they directly impact command and control issues. 
Thus, certain telecommunication and data-sharing issues--such as radio signal 
reception and distortion, radio spectrum allocation, facsimile transmission, 
and speech scrambling--are not considered in this report. Similarly, 
switching and sharing of data between different jurisdictions (i.e., through 
the National Law Enforcement Teletype System, the National Crime Information 
Center, or the various state and local justice information systems) are also 
not considered. 

Our focus within the expanded topic area is on four PCCC techno10gies-
Computer-Aided Dispatch (CAD), Mobile Digital Communications (MDC), Nine-One-
One (911), and Automatic Vehicle Monitoring (AVM)--and two related application 
areas--Regiona1 Communication Systems (RCSs) and Formal Deployment Methods (FDMs). 
Our main focus is on CAD, since CAD is at the heart of the PCCC process and 
provides a framework for bringing together the other command control 
technologies. CAD has also been more widely implemented than MDC or AVM. An 
important part of the CAD area is the use of information from CAD for management 
purposes, and in conducting the study we have not only examined CAD technology, 
but also the use and impact of the information it creates. 

Preceding page b\ank vii 

.. ~- -~-~-- ~-----------------------------------------""-------------



~owever, we are certainly interested in the other technologies, 
especlally as they relate to CAD. MDC, often ail extension of CAD, has 
been an importan~ study area. 911 was another area of study, but since 
theY'e ~r~ some el ght hundre~ 911 systems in operati on around the country, 
our ablllty to look at 911 ln much depth has been limited. Therefore we have 
examined 911 primarily as it intersects with CAD and the other PCCC t~ch
nologi~s/app1~cat~ons. AVM has also been a priority study area, but while AVM 
pote~tla~ly tles ln very closely with CAD, it has received only a few 
appllcatlons and therefore has received only limited examination. Finally 
Regi?nal Communications Systems (RCSs) and Formal Deployment ~1ethods (FDMs) have 
recelved modest consideration in this study, particularly as they tie into 
the PCCC process. 

Research Methodology 

O~e of the primary purposes of this project, as an NEP Phase I study, was 
to reVlew completed evaluations of PCCC systems. However, in the police 
comman~.and contr?l area, ~e have found that there have been very few formal 
evalua~lons: Durlng the flrst eleven months of the project, PSE carried out an 
extenslve llterature search. We found that while there was much literature 
available in the PCCC area, the literature was primarily descriptive in nature 
an~ the evaluations which did exist were often incomplete or unreliable. For' 
thlS reason, we devoted a substantial amount of resources to direct information 
gathering in the PCCC area. Thus, the findings of this study are based not 
only on existing information, but also on information gathered directly by PSE, 

In order to collect additional data concerning the use and impact of PCCC 
systems, four different "samples" or data sources were used. Collection of 
th~ f~rst sample~ ~he ~reliminary sample, was an effort to identify all 
eXlst~n~ PCCC ap~llcatlon~ .. ~s such the preliminary sample, which inc'luded 
100 cltles, provlded the lnltlal set of projects from which the other samples 
were drawn. It was developed from a review of the available PCCC literature 
and.a series of letters to police departments inquiring as to the status of 
the~r PCCC system. The preliminary sample included all cities identified as 
havlng CAD, MOe, or AVM, as we1i as several manual dispatch systems, several 
advanced 911 systems, and several Regional Communication Systems. The second 
sample level, the study sample, consisted of 36 jurisdictions drawn from the 
prelim~nary:sample. The stu~y sample was selected in order to yield a repre
se~tatlve mlX of systems nati?nwide. Telephone interviews and follow-up 

~mall surveys were conducted wlth this group of 36 jurisdictions in order to 
gather.further information concerning the use and impact of PCCC technology. 
The thl~d .samp1e level was the analysis sample. The analysis sample consisted 
of 19 cltles (chosen f~om the study samp~e) 'selected for site visits. Finally, 
the test sample--one clty--was selected ln order to perform a field assessment 
of our single project evaluation design. 

During our surveys and site visits we found that the lack of evaluation 
data in the literature was al~o reflected in the field; very few pol ire depart
ments have co1l~cted systematlc data for the evaluation of their PCCC systems. 
As a,result, thlS study does not provide detailed evaluation data, but instead 
provldes a general assessment of the problems and issues of PCCC. 

viii 

Summary of Key Findings 
As indicated, there have been very few evalua,t'lons of PCCC systems. 

Further, where evaluations have been done they have focused on process rather 
than outcome or systemic measures. Most cities seem to have little in the way 
of good.cost data or other PCCC-related data which could be used for system 
evaluatlon. It seems that the state of the art of the technologies has not 
yet advanced to the stage where the calculation of second-order performance 
~easur~s is considered necessary; instead departments generally seem satisfied 
lf t~elr system~ operate smoothly. Therefore, there is a strong need for compre
hens'we eva~uat'Z-ons and for agreement on a common framework to use in thE: eva~uation 
process. Nevertheless, the available information contained in the literature 
and collected by PSE through surveys and site visits does allow for a general 
assessment of the problems and issues of PCCC systems. 

Computer-Aided Dispatch (CAD) systems have generally been well 
accepted in the departments using them. There are now more than 80 police 
CAD systems nationwide which are operational or in the process of being 
implemented, and a number of police departments are currently planning 
CAD systems. The use of CAD techno~ogy by the po~ice is undoubted~y a 
permanent part of ~aw enforcement operations. In implementing CAD, different 
police departments have stressed at least three different philosophies or 
approaches: CAD as a tactical tool for dispatch, CAD to aid in the development 
of management data, and CAD as one component of an entire computerized police 
information system. Depending on the philosophy, the focus and nature of 
CAD seems to vary widely from police department to police department. 

In a number of police departments, however, computer-based CMt) 
a:'plications have to a large extent Simply replaced previous manual oper
~tions. The potential of the computer has not been fully utilized and, 
1n fact, many CAD systems are little more than expensive and fast "electronic 
conveyor belts." A CAD system may be used not only to assist in the 
traditional reactive response/adjustment function, (such as assigning the 
closest unit to an emergency call), but also to provide the necessary 
information for a more proactive decision-oriented dispatch operation 
(such as checking the validity of calls for service, providing information 
so the complaint officer can advise the citizen on how long to expect before 
an officer will arrive, standardizing dispatch procedures, etc.). 

Strong potential exists for better management--both tactical and strategic-
of police field resources and dispatch personnel through the use of the 
information generated from the elements of a PCCC system, especially CAD. 
However, the uUimate impact of pccc techno~ogy wiU depend on the abiUty 
of ~aw enforcement administrators to ana~yze and use this infol·/,iu.tion 
effective~y. 

Mobi~e Digita~ Communications (MDC) systems have also been fairly 
well accepted in cities where they are used, although MDC has received 
less than half as many applications as CAD (around 30 as compared to 80 
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for CAO). Use of MDC for data base access seems to be fari~y successfuZ~ 
but when used for dispatching~ MDC systems have met with varied resuZts. 
In fact'oa few departments have tried MOC and decided against it. In terms 
of beneflts, MOC systems can provide easier and quicker access to data bases 
more rapid communications, and more secure communications. Many police ' 
departments also expect MOC to help reduce voice congestion, but it appears 
from the results to date that this may not be a realistic MOC objective, 
although MOC may allow for increased air communications. There are also 
a number of potential problems associated with MOC use. It is also 
importa~t to ~ea~i~e that putting a terminal in the patrol car may eventually 
r~s~lt ln ~ slgnlflcant.change in police work and raises questions about 
cltlzen prlvacy and POllCY philosophy. 

Au~oma~ic Vehicle Monitoring (AVM) systems have recei ved only a handful 
of appll catlOns, and these have met with mi xed success. Most departments 
seem to feel that AVM systems have potential but question whether the benefits 
of such systems justify the cost. The three cities which currently have AVM 
are all experiencing some combination of technical and behavioral difficulties. 
The potential of AVM may be there--especially if AVM for police becomes part 
of an overall AVM system for a wide range of transportation users (i.e., 
taxis, buses, delivery systems, etc.)--but it has yet to be realized. 

The concept of Nine-One-One (911) seems sound, and the use of 911 is 
far-reaching and growing. However, full-scale implementation of 911 is 
being hindered by both political and technical problems, and there seems 
to be a wide range of opinion as to whether the benefits will outweigh 
some of the problems and costs. One of the greatest barriers to 911 
impleme~tation app~a~s to be the disparity between telephone exchange 
boundarles and polltlcal boundaries. A second set of 911 implementation 
problems relates to funding; many police departments f~(l that the state 
should pay for 911, since 911 is often state-mandated, while the states 
feel othat the ju:is~ictions th~mselves should be responsible for 911 
~undlng. Most 911 lmplementatlons appear to have been essentially 
lndependent where local agencies have planned and implemented 911 on their 
ow~. There is ~ strong.need in the 911 area for states to provide po~icy 
gu~dance, techn~cal ass~stanceJ and funding provisions for ~ocal agencies. 

Most of the 800 existing 911 systems are basic systems. However, there 
are also a handful of 911 systems nationwide which include advanced features 
such as automatic number identification, automatic location identification 
and selective routing. Further evaluation is needed regarding thesE ' 
advanced features, and the impact of these options on personal privacy and 
confidentiality has not yet been fully resolved. 

Relating to the above four technologies, many cities believe that new 
PCCC systems (especially CAD) wi~~ reduce response time. However~ we have 
found no solid, substantive data (regarding CAD or other l JCCC technologies) 
t~ support this. I~ fa:t, where studies have been done they seem to show 
llttle o:~ no reductlon ln response time. For example, several evaluations have 
been done regarding AVM in St. Louis, but they show no sigr.ificant improvements 
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in travel time due to AVM. Furthermore, there are questions as to what effect, 
if any, reductions in response time will have on apprehension rates, since 
citizen reporting delays are often quite long. 

In the study we also examined the general implementation process for 
computer-based PCCC applications. We found that the implementation of PCCC 
technology requires more than technica~ expertise and that the consideration 
of behavioral and institutional factors (both in system design and system 
imp~ementation) is also critically important. In discussing communication 
problems, many cities emphasized problems relating to personnel and training. 
The emphasis on such problems highlights the fact that new technology alone is 
not enough to resolve communication problems. In fact, many problems are 
behavioral and can only be resolved by better management and greater sensitivity 
to personnel-related issues. 

In terms of system design, systems in which line personnel were involved 
in system planning seem to have fewer problems than systems in whoich the intent 
of the new technology was not communicated adequately during the development 
stages of the system. In terms of system implementation, the nature of the 
relationship between police departments and computer vendors is also critical 
to system success; departments with carefully defined vendor performance 
specifications in genera~ have more successful PCCC systems than those depart
ments with uncertain or ill-defined vendor performance specifications. 

For departments interested in implementing PCCC systems, it appears that 
a seven-step approach is appropriate. These steps include: (1) needs assess
ment; (2) a careful identification of PCCC philosophy and approach (e.g., a 
management versus operational perspective); (3) preparation of a needs state
ment, generally in the form of a request for proposal (RFP); (4) responses 
from vendors to the RFP and selection based not only on cost but also on 
quality concerns; (5) a specific commitment of vendors to a measurable level 
of performance; (6) careful orientation, training, and involvement of oper
ational personnel in the development of the system; and (7) evaluation and 
revision to assure that the system continues to meet the ongoing needs of users. 

Based on these findings, it is worth noting once again that this report 
stresses the need for specific evaluations of PCCC systems--evaluations to 
examine not only input and process measures but also outcome and systemic 
results. A framework for conducting such evaluations has therefore been 
developed as a part of the project, and key hypotheses/issues have been 
identified. The report also points out the need for a PCCC information 
clearinghouse to facilitate the transfer of ideas and technologies. Such 
a clearinghouse could include the deveO!opment of up-to-date PCCC planning.d?cu
ments, an ongoing effort to remain abreast of PCCC developments, and speclflc 
efforts to facilitate the transfer of knowledge through newsletters and work
shops. 
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1 I NTRODU cn ON 

1.1 THE FACT OR FANTASY OF PCCC SYSTEt·1S 

At 7:16 p.m. on a Thursday night in August, a passerby notices two 
gunmen holding up a neighborhood liquor store. The passerby, wanting to 
notify police as soon as possible, walks quickly to an outdoor public 
telephone located approximately one-half block away. Without having to 
search for a dime, the caller picks up the phone and calls 911--the 
standardized U.S. emergency number--by pushing appropriate buttons on 
the telephone instrument. A voice on the other end answers quickly, 
IIpub1ic emergency, may I help yoU?H This 911 telephone operator handles 
emergencies related to po1ic~, fire, and ambulance. As soon as the 
telephone connection is made, the caller1s telephone number and geo
graphical location are automatically displayed on a digital display 
board above the call-taker, who is seated in front of a computer terminal. 
Within seconds the call-taker ascertains that a felony is in progress 
and assigns top priority to the call by pressing the DISPATCH button on 
the computer terminal. 

The computer rapidly selects two patrol units to respond to the 
location of the caller. By searching its geographical files, the computer 
determines that the passerby ;s calling from a phone booth located in 
police beat number five. However, the computer also has up-to-the-
second location information regarding each of the patrol units in the 
city. Utilizing this information the computer determines that Cars 
Three and Six in contiguous beats are two to three minutes closer than 
the beat car (Number Five), which is on a far corner of the beat away 
from the incident. Within seconds, the computer sends a digitally 
dispatched message to Cars Three and Six; this message is displayed on a 
small television screen located just below the police radio in each of 
the two police patrol cars. The total elapsed time between pushing the 
digits 911 and the dispatch of Units Three and Six is approximately 15 
seconds. 

As Units Three and Six are travelling to the scene, the actual 
location of the ,incident (rather than the location of the public tele
phone) is broadcast over voice channel radio from the call-taker to the 
responding units. The first unit arrives on the scene within one and a 
half minutes and the other arrives in two and a half minutes. The two 
suspects in the case are arrested at the scene. 

Is this scenario fact or fantasy? As the contents of this report 
will demonstrate, each of the technological elements utilized in this 
particular situation has been implemented in one or more police depart
ments in cities in the United States. For instance, the telephone 
number 911 is currently implemented in many cities throughout the United 
States; however, 911 as outlined in the incident above has two advanced 
features--ANI (Automatic Number Identification), and ALI (Automatic 
Location Identification)--which are currently utilized in only a few 



cities. The ability of the call-taker to notice the telephone nUlilber 
and location of the caller was dependent upon these advanced features of 
911. 

Also in the illustration, the call-taker sat in front of a computer 
terminal which consisted of a television-type display tube and a typewriter
like set of keys. This terminal is connected directly to a high-speed 
digital computer which acts as the heart of a Computer-Aided Dispatch (CAD) 
system for this particular police department. Many cities in the U.S. 
currently have some form of CAD system. However, we are aware of no 
CAD system which automatically integrates the identification capability 
of an advanced 911 system--a capability which was hypothesized in the 
above scenario. 

The computer quickly determined that Units Three and Six were 
closer than the beat car and selected them for dispatch. This was dore 
using an Automatic Vehicle Monitoring (AVM) system which provides real
time location estimates of each patrol vehicle. Only three cities in 
the U.S. have currently operating AVM systems, and none is tied in 
automatically to the dispatching function in the way we have described. 
The capability of forwarding the dispatch order instantaneously 
and digitally to the police vehicles requires integration of the CAD 
system with a Mobile Digital Communications (MDC) system. Such a system 
requires a mobile digital terminal in each po;ice car and either one-way 
or two-way digital communication capabilities between the dispatcher and 
the police cars. A number of U.S. cities are now employing r~iDC systems. 

Thus, the scenario above is in some sense both fact and fantasy. It 
is fact in that the technology for each of the components exists, 
and parts of the scenario are implemented in departments throughout 
the country. It is fantasy to the extent that no department has an inte
grated system which encompasses all of the capabilities discussed. It 
is fact because several departments have successfully detennined 
how to integrate portions of such technological innovations with concerns 
for personnel, training, mcrale, incentives, and reward structures. 
It is fantasy because no department has yet to implement such major 
technological innovations without experiencing some form of personnel 
resistance or negative institutional inertia. 

* * * * * * * * * 

At 7:27 p.m: on the same evening, Mrs. Jones calls 911 and reports 
that upon return1n0 to her house for the day it is obvious that someone 
has br?ken in ~nd stolen various articles of personal property. However, 
there 1S no eV1dence that the burglar is still on the scene and the 
actual c~ime could have t~ken place up to 10 hours earlier.' Mrs. Jones, 
located 1n the beat assoclated with Car Nine, is advised by the call
tak~r that Car Nine is currently busy on a previous call for police 
aSSlstance. Moreover, the busy period of the entire department is just 
commencing, so Mrs. Jones is given the following alternatives: either 
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she can schedule an appointment with Car Nine at 10:00 a.m. or 11 :00 
a.m. the following morning, or she can have Car Nine come to her home 
that evening, but the delay estimated by the CAD system is 60 minutes. 
Mrs. Jones chooses the latter alternative, willing to accept the 60-
minute delay in order to file a police report and have this matter 
behind her when she ~oes to bed that evening. By 8:27, Car Nine has 
been assigned to another high priority call and is still not available 
to travel to Mrs. Jones's location. A nonbusy call-taker is notified 
of the excess delay over that anticipated and predicted to Mrs. Jones. 
Using the Automatic Number Identification feature of 911, the computer 
has automatically recorded Mrs. Jones's telephone number for situations 
like this in which a citizen has to be called back and notified of 
unanticipated delay. Indeed, she is called back and told that an ad
ditional 15 minutes delay can be anticipated. Then; roughly 13 
minutes later, Car Nine is dispatched to Mrs. Jones's location. The car 
arrives on the scene about 4 minutes later and gathers the necessary 
information on the burglary from Mrs. Jones, who has been continuously 
appraised of delays in response to her ca11. 

In this case the call-taker has assigned a lower priority to the 
call reported by Mrs. Jones than to the earlier call which was a felony 
in progress. With the aid of the CAD system, the call-taker and the 
dispatcher can better manage the demands for police service. In this 
case, such management means the offer to Mrs. Jones to either schedule 
an appointment with the police sometime during a relatively slack period 
during the mid-morning hours or to delay service on her call until the 
current level of congestion is greatly reduced. In this case she chose 
the latter alternative. Since it actually required roughly 75 minutes 
until the police car was dispatched, the police department utilized the 
ANI feature of the 911 system to obtain Mrs. Jones's phone number and to 
call her back to advise her of the unanticipated excess delay. 

Again, this scenario is both fact and fantasy. It is fact in that 
studies have shown that callers seeking police assistance for relatively 
low priority or nonurgent calls will be quite satisfi~d with police 
response if they are advised of any anticipated delay in response. 
Further experiments concerning the management of police demand have 
already been sUccessfully tried, for example in Wilmington, Delaware. 
However, it is fantasy because no police department has linked advanced 
PCCC technology with the concepts of managing police demand (.noted above) 
to form what we will refer to later as an "intelligent PCCC system." 
Rather, technological innovations such as Computer-Aided Dispatch, Mobile 
Digital Communications, and Automatic Vehicle Monitoring have given 
police departments the potential means for responding more effectively 
and more efficiently to citizen demand, but in many cases this potential 
has not been met. 

* * * * * * * * * 

At 9:10 that evening, Mr. Smith calls 911 and reports a dis~ 
turbance in the adjacent apartment in his building. He reports that a 
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husband and wife seem to be yelling at each other and throwing objects 
around the apartment. Approximately 3 minutes later, a dispatcher 
sends a nearby available police car to the scene, and the car 
arrives approximately 7 minutes later. The total response time in this 
case is about 10 minutes. However, past statistics have shown that once 
at the scene, 90 percent of similar incidents are successfully handled 
by the police within 30 minutes of time at the scene. In this case the 
dispatcher has heard nothing additional from the officer by 9:50 p.m., 
which is the 30-minute mark at the scene. The dispatcher attemots to 
contact the responding officer by radio and fails to achieve contact. 
At that time the dispatcher contacts two additional nearby patrol cars to 
respond quickly. Upon arrival, the new officers find that the originally 
dispatched officer is in a serious situation with the husband and wife 
who turned on the officer and injured him seriously. The new officers 
manage to subdue the husband and wife and call for ambulance assistance 
for the injured officer. 

In this case, again both fact and fantasy, accurate management 
statistics on the distribution of time required to handle various types 
of police events allowed the dispatcher to notice a situation in which 
the officer's safety was in jeopardy. The CAD system automatically 
tested for such circumstances and notified the dispatcher when the 
possible problem arose. This, too, is a potential capability of most 
current CAD systems, but a capability which is not widely implemented or 
utilized. 

1.2 THE PURPOSE AND SCOPE OF THE STUDY 

The scenarios outlined above provide an illustration of both the 
current use and the potential of PCCC systems. In many cases our expec
tations and the potential still exceed the reality. Within this context 
the purpose of this report is to focus on the actual use and evaluation 
of computer-based technology as it relates to police command, control 
and communications (PCCC). What is the state of the art? To what extent is 
this technology being applied successfully? What issues and problems 
do we face? And what is the potential for the future? 

PCCC systems were specifically highlighted by the President's 
Conmission on Law Enforcement and the Administration of Justice in 1967 
as a possible means of improving police service. Since then there has been 
steady movement toward the design and implementation of a wide variety 
of PCCC-related technologies. The initial rate for implementating 
automated PCCC systems was quite slow--far below early predictions--and 
results often fell below expectations. In recent years there has 
been an increase in the number of implemented PCCC systems and applications. 
There are now more than 80 police Computer-Aided Dispatch (CAD) systems 
throughout the country which are operational or in the process of being 
implemented, some 30 ~10bile Digital Communications (t~DC) systems, and 
approximately 800 Nine-One-One (911) systems. Despite this growth 
trend, the success and approach towards PCCC seems to vary significantly 
among police departments, and a number of questions remains as to the 
benefits and impacts of such efforts. 
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The time is therefore appropriate for a national assessment of PCCC 
systems--to review the Commission's initial focus, to determine what has 
occurred over the last decade, and to identify what can be learned from 
past experiences. On October 1, 1978, Public Systems Evaluation began 
such a nationwide assessment. The project was a two-year Phase I National 
Evaluation Program (NEP) assessment funded by the National Institute of 
Justice. This docup~nt is the Final Report for the project. 

Although this project is part of the National Evaluation Program 
(NEP), it differs somewhat from other NEP studies. The primary objec
tives of an NEP Phase I study* are: accumulation of knowledge in the 
study area, both in terms of identifying existing projects and reviewing 
results of such projects; identification of "knowledge gaps" in the 
area; estimation of the cost and value of filling those gaps; devel
opment of experimental evaluation designs to obtain further information; 
and refinement and limited pre-testing of such evaluation designs. 

In most NEP Phase I studies, the first task (collection of infor
mation in the study area) involves a review of completed evaluations; 
generally only a limited number of site visits are made, and extensive 
data collection and analysis is not carried out. However, in the police 
command, control, and communications area, we found that there have been 
very few formal evaluations. As the first part of the study, PSE carried 
out an extensive literature search to identify the existing knowledge 
and the "knowledge gaps" in this area. We found that while there is a 
great deal of literature available in the PCCC topic area, most of the litera
ture is primarily descriptive in nature, and the evaluations which do 
exist are often incomplete or unreliable. For this reason, we have also 
devoted a substantial amount of our resources to direct information 
gathering to identify all cities having any of the technologies in question 
(through a series of letters to police departments), to gather further 
information on use, cost, and impact from a subset of these cities 
(through telephone and mail surveys and site visits to selected cities), 
and to assess the feasibility of a single project evaluation design for 
PCCC systems (through an on-site assessment in one particular city). 
Thus, the findings of this study are based not only on existing infor-
mation, but also on information gathered directly by PSE. 

We also found that the lack of evaluation data is reflected in the 
field, as very few police departments have collected systematic irlforma
tion for the evaluation of their command and control systems. For this 
reason, the study does not provide detailed evaluation data, but instead 
provides a general assessment of problems and issues--and in some cases 
our findings are based on PSE's informed judgment rather than extensive 
data. 

Before proceeding it is important to comment briefly on the scope 
of the PCCC topic area. The initial focus of the project was on police 

*As outlined in the preliminary Request for Proposal: "Announcement for 
Preliminary Proposals to Conduct a National Assessment of Police Command 
and Control Systems," National Institute of Law Enforcement and Criminal 
Justice, April 1978. 
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command and control systems. However, we expa~ded the study area to 
also include communicat:ons as it intersects wlth c~mmand and control. 
To highlight this change, we are using the ter~ poll~e command, control, 
and communications to refer to the overall tOP1C area. The 
primary focus of the evaluation remains on command and control; 
police communications have been included only to the extent ~hat they 
directly imp~ct command and control objectives. ~hus, cer~aln t~le
communication issues, such as radio signal ~ec~ptlon and dlstortlon, . 
radio spectrum allocation, facsimile transmlsslon~ an~ speech scr~mbll~9 
are not considered in this report. Similarly, sWltchlng and.sharlng 0 
data between different jurisdications (i.e., through the.Natlonal Law 
Enforcement Teletype System, the National Cr~me Informatlon Center, or 
the various state and local justice informatlon systems) are also not 
considered. 

This study focuses on four PC~C t~chnologies--~omputer-Aided Dis-
atch (CAD), Mobile Digital Communlcatlons (MDC), Nlne-One-O~e (~ll), 

~nd Automatic Vehicle Monitoring (AVM)--and two related appllcatlon 
areas--Regional Communication Systems (RCSs) and Formal ~ep:oyment 
Methods (FDMs). In the following chapters, t'e report wlll. 

examine the historical background of these 
technologies (Chapter 2) 

provide a general assessment of existing 
systems (Chapter 3) 

summarize the implications of the research 
(Chapter 4) 

outline areas where further research is needed 
(Chapter 4) 

In addition, a review of a number of cost con
siderations for such systems will be co~sidered 
in a separate Appendix (A). 

Also, as a part of this project we developed a Single P~oject 
Evaluation Design to evaluate PCCC systems and cond~cted a fleld as
sessment of this design in the Huntir.gton Beach Pollce Department. The 
results of this effort are published in a sep~rate volume and are 
available from the National Institute of Justlce, U.S. Department
ment, Washington, D.C.* 

*Kent W. Colton and Bruce T. Dunn, A Single Project Evalu~tion Design 
for PCCC Systems, Cambridge, ~1A: Public Systems Evaluatlon, Inc., 
December 1980. 
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2 BACKGROUND ISSUES AND STUDY FRAMEWORK 

This chapter describes some of the key factors which have led to 
the development of PCCC technology, develops a study framework to be 
used in the assessment, and outlines PSE's study methodology. 

2.1 FACTORS IN DEVELOPMENT 

PCCC applications during the past decade have been influenced by 
three critical factors; (1) the active role assumed by the federal gov
ernment in encouraging the adoption of new technology; (2) the availa
bility and use of computer technology; (3) and a strong desire on the part 
of police departments to improve the performance of their PCCC system. 

2.1.1 FEDERAL GOVERNMENT 

PCCC systems were specifically highlighted by the President's 
Commission on Law Enforcement and Administration of Justice (the Crime 
Commission) as a possible means of improving police service. In their 
final report [1967 (a), p. 2S2] the Commission stated: 

"The entire police command-and-control function should be subjected 
to a basic reexaminatio~ taking full account of the promising new 
technologies offered by computers and communications links ... An 
experimental program to develop a computer-assisted command-and
control system should be established with Federal support." 

The creation of the Law Enforcement Assistance Administration (LEAA) 
added large-scale federal resources to help purchase such equipment, and 
the pressure of vendors to sell their products (starting prior to 1967 
but heightening as the Vietnamese War ended and technologY-oriented industries 
sought to increase their domestic market) also contributed to the expansion 
of computer-related innovations. 

2.1.2 COMPUTER TECHNOLOGY 

Contributing to the growth of computer technology has been a steady 
decrease in the cost of computers, accompanied by increased computational 
capabilities. Two primary reasons for these changes are device min
iaturization and efficient memory media. New types of memory devices 
have also helped to make computers smaller, cheaper, and more efficient. 
Both miniaturization and innovation in memory media have changed com
puter technology so that computers no longer need to be used as systems 
unto themselves, but can be used as components of larger systems (such 
as command and control systems). 

Since the Crime Commission's recommendations, the number of computer 
applications established by the police has been steadily increasing. 
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However, despite the implementation of the technology, the large major
ity of computers used by police are still "routine" applications in 
which the technology is used to carry out straightforward, repetitive 
information processing activities, such as maintaining traffic records 
or real-time police patrol and inquiry files. When computer use extends 
to "non-routine" efforts--such as resource allocation models or computer
aided dispatching (CAD) systems, in which the machine begins to become a 
tool for decision making, control, and strategic planning (for example 
the scenarios included in Chapter 1)--the results to date have been more 
disappointing. 

2.1.3 PCCC INNOVATIONS 
In an effort to improve and modernize PCCC, a variety of technological 

innovations were proposed and implemented. Computer-Aided Dispatching 
(CAD) systems provide the framework for bringing together many of these 
new tools through the partial automation of the call answering, proceSSing, 
and dispatching activities of the police communications center. CAD 
automatically matches the address of a call-for-service and a police 
patrol beat through a computerized geographic file, and instantly 
recalls dispatch data. CAD by itself does not track the location of 
police vehicles, so Automatic Vehicle Monitor~ng (AVM) systems were also 
suggested, along I'/ith other technological changes. These included "911" 
emergency telephone systems; computer-based formal deployment methods to 
assist in the allocation of police resources; regional communication 
systems; and mobile and portable digital communication terminals to 
allow officers in the street to communicate digitally with the dispatch 
center. 

Many of these PCCC innovations are "routin~' where the technology 
basically replaces a previously manual activity such as the transfer of 
information from the telephone operator to the dispatcher. However, 
some innovations also allow for a number of "non-routine" activities, 
such as tracking and monitoring vehicle location, automatically timing 
the length of calls and raising a "flag" if a call takes longer than a 
specified time, or providing new infonnation to be used for management. 

2.2 STUDY FRAMEWORK 

As mentioned earlier, we have expanded the focus of the project to 
include communications as it intersects with command and control. 
However, the PCCC function has too often been lumped solely with the 
communications functions, or at best viewed in a fragmented manner in 
terms of its parts (e.g., communications, patrol force allocation, 
vehicle location, telephone answering, etc.). These approaches, if 
not broadened, can be misleading and incomplete. In this project we have 
c~fined PCCC more broadly than just communications. Our focus is on 
managing, directing, and controlling police activities with the 
overall intent of responding and delivering services to the public. 
Therefore, broad functional components, I'Jhich correspond to this 
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more comprehensive view of PCCC have been identified: needs identification, 
status monitoring, response/adjustment, and management. 

We have selected four basic PCCC technologies which are related 
to these f~nctio~al components, for primary emphasis in our study: 
C?mputer-A~ded D1spatch (CAD), Mobile Digital Communications (MDC)~ 
N1ne-One-N1ne (911~, a~d Automatic Vehicle Monitoring(AVM). In ad~ition, 
the~e are two appl1cat1ons related to these technologies which we have also 
rev1ewed as appropriate: Regional Communication Systems (RCSs) and Formal 
Depl~yme~t ~lethods (FDMs).* Taken together these four technologies and two 
appl1cat1ons encompass the PCCC process. 

. As illustrated i~ Exhibit 2.1, the approach adopted by this study 
1S based on a three-d1mensional framework consistin~ of four basic 
f~nctions of the PCCC process; six distinct technul~gies and applica
t10ns that have been recently implemented in the PCCC area' and four 
sets o~ evaluation measures that should be applied during the assessment. 
Thus, 1deally, one could consider the PCCC assessment problem as being com
posed of 96.separate assessments, each one focusing on a set of evaluation 
m~asures wh1ch.are employed to assess the impact of a specific applica
t1o~ on a part1cular.PCCC function. Unfortunately, it appears from our 
reV1ew of the PCCC llterature that the available information does not 
allo~ for such detailed assessments. Nevertheless, in an effort to 
pro~lde a.more definitive.definition of the PCCC topic area, it is 
enl1ghten1ng and systemat1cally convenient to view the PCCC assessment 
p~oblem.in.terms of the three components identified in Exhibit 2.1. 
W1th th1S 1n mind, the subsections which follow will delineate the 
s~ecific steps and functions involved in the command and control process; 
d1SCUSS the PCCC technology and application areas that will receive 
specific attention in our study; and describe the measures that will be 
used to examine the various command and control technologies. 

2.2.1 PCCC FUNCTIONS 

F~ncti?nally, an e~fective.PCCC system must be able to monit01' .. 
on an 1mmed1ate or tact1cal bas1s, the status of the available police 
resources so that appropriate actions can be taken to respond to the 
needs that are identified. Additionally, on a longer-term or strategic 
basis, the PCCC system must be able to manage the resources so as to 
ensur~ their productive deployment and use. In summary, the four PCCC 
funct10ns are needs identification, status monitoring, response/adjust
ment, and resource management; these functions are further detailed in 

*Formal D~ployment Methods (FDMs) refer to formal methods or techniques 
of deploY1ng resources, particularly as these decisions relate to the 
command and control process. They include hazard formulas and more 
sophisticated models such as the Hypercube and PCAM fratrol Car Alloca-
tion Model) models. - .-
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PCCC Functions: 

Needs Identification 
Status Monitoring 
Response/Adjustment 
Resource Management. 

Exhibit 2.1 

PCCC Study Framework 
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PCCC Functions 

Evaluation Measures: 

• Input 
• Process 
• Outcome 
• Systemic 

Specific Technologies and Applications: 

• Nine-One-One (911) 
• Computer-Aided Dispatchi.ng (CAD) 
• Automatic Vehicle Monitoring (AVM) 
• Mobile Digital Communications (MDC) 
• Formal Deployment Methods (FD~1) 
• Regional COlTDTIunication Systems (RCS) 
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Exhibit 2.2 in terms of specific PCCC actions, related time measures, 
and PCCC technologies and applications.* 

2.2.2 PCCC TECHNOLOGIES AND APPLICATIONS 

As noted previously, we have selected six major PCCC technologies 
and applications for consideration. These six technologies ar.e arranged 
by priority in our assessment process. Our main focus is on CAD, since 
this technology is at the heart of the PCCC process and provides a basis 
for bringing together the other command and control technologies. CAD 
has also received greater nationwide application than MDC or AVM. An 
important aspect of CAD is the use of information generated from the system 
for management purposes. In conducting the study we have not only 
examined the technology itself, but also the actual use and impact of the 
new information it creates . 

MDC, often an extension of CAD, is a second important study area. 
Nine-One-One is another area of study, but since there are some 800 
Nine-One-One systems in operation around the country, our ability 
to look at 911 in much depth is limited. Therefore, we are interested in 
911 mainly as it intersects with CAD and with other PCCC technologies/ 
applications.** AVM is also a priority study area. However, while AVM 
potentially ties in very closely with CAD, it has received only a few 
applications and therefore can receive only limited examination. 

Regional Communications Systems (RCSs) are an important application 
of the above four technologies. As noted in Exhibit 2.2, RCSs may 
relate indirectly to all phases of the PCCC process and ~ay utilize 
all the various PCCC technologies. Although we have not been able to 
devote major resources to the review of RCSs, they are of interest in this 
study in that they extend the use of command and control technologies to 
regional and multi-jurisdictional situations. 

Formal Deployment Methods (FDMs) will also receive modest consideration 
in the study. While FDMs do not necessarily relate to PCCC technologies 
per se, the allocation and deployment of resources are obvious1y tied 
closely to the command, control and communication process. Our concern in 
this study, then, is with FDMs only as they relate to PCCC processes and 
technologies, especially CAD. 

*Although some police administrators do not consider the needs identifi
cation function as being within the command and control area, the identi
fication of a need for police assistance is the basis for nearly all 
command and control decisions. Thus, it seems appropriate to include 
needs identification as one of the PCCC fUnctions. 

**Another reason we have not carried out an in-depth study of 911 is because 
SRI International was commissioned to conduct such an effort. Reference to 
their work is included as part of Chapter 3. 

11 



r 

PCCC Functions 

• Needs 
Identification 

• Status 
Monitoring 

'Response/ 
Adjustment 

• Resource 
Management 

Exhibit 2.2 

PCCC Functions 

Specific PCCC Actions 

• Incident oct 's 

'Citizen calls for police service, patrol officel' 
identifies activity requiring response, or citizen 
contacts police officer directly 

'Po1ice telephone operator or complaint evaluator 
receives call, determines the facts, and records 
the essential information 

'Police dispatcher determines the status (i.e., 
location and availability) of resources based 
on ongoing monitoring activities 

'Po1ice dispatcher determines the appropriate 
response (e.g., patrol unit response, detective 
unit response, call-back response, etc.) to the 
incident, including a possible delay in response 

'If appropriate, police dispatcher communicates 
instructions to appropriate unit{s) to respond 

.Response unit{s) travel to the incident 

'If necessary, police dispatcher makes tactical 
adjustments {e.g., assignment of b~ck-up units, 
re-assignment of units to a higher priority 
incident, ect.} Also, communications center 
may make support check on field unit rDquests 
for information '(e.g., license check, person 
check, etc.) 

'Response unit{s} report completion of service 

'Po1ice department maintains data generated in the 
course of performing the above 3 PCCC functions for 
subsequent analysis 

.Po1ice administrator decides on the overall 
allocation of police resources, based on the 
analysis of the above data and supported by 
appropriate resource allocation models 

Related Time Measures' 

• Incident occurs --} 

'Call-for-service ~ 
initiated } 

• Call answered _ 

• st"o. ,""m,,',,-...! 
assessed 

Rellorting 
Time 

Telephone 
Delay Time 

Operator 
Processing 

Time 

Dispatcher 
Processing 

Time 

• Response unit{s)_ 
dispatched } Travel Time 

'Response unit{s)~ 
arrive at scene 

'Service comp1eted~ 

On-Scene 
Time 

Technologies and 
applications as they 
relate to PCCC2 

911 

CAD 

CAD, MOC, AVM 

CAD. AVM 

MOC, CAD 

AVM 

CAD, AVM, MOC 

MDC, AVM, CAD 

Data generated from 
911, CAD, AVM, HOC 

FDM, using data 
generated from 911, 
CAD. AVM, MDC 

'The time measures are not drawn to scale. Other composite time measures include dispatch deLay time (i.e., sum of the operator and dispatcher 
processing times), rosponsQ time (i.e., sum of the dispatch delay and travel times), and service time (i.e., sum of the travel and on-scene times). 

2Regional Communications Systems (RCS) may relate indirectlY to all phases of the PCCC process and may utilize all of the various PCCC technologies 
noted above, since they extend the use of these technologies to regional and multi-jurisdictional situations. 



2.2.3 EVALUATION t'lEASURES 

Four sets of evaluation measures are identified in Exhibit 2.3. In 
our PCCC system assessment we have attempted to identify and collect 
evaluation measures within each set, but in many cases information 
concerning all four--especially outcome and systemic data--is not avail
able. 

Although the first three sets of measures--input, process, and 
outcome--have been proposed and discussed at length in the evaluation 
literature, the literature is not consistent regarding their respective 
definitions. For this'reason, Exhibit 2.3 identifies the measures in 
greater detail. It should be noted, for example, the performance measures 
are a part of the pl'()CeDB~-not outcome--measures. Thus, response time 
is a pPOL'ess measure, although it may in turn affect outcome measures 
such as the apprehension rate as well as the attitude and/or behavior of 
citizens, criminals, or police. Outcome measures include only those 
relating to attitudes, behavior, and crime, since the ultimate aim of 
any police-related program, including PCCC programs, is to effect a 
change in one or more of these subgroups of outcome measures. 

In general, the input and process measures serve to lIexplainli the 
resultant outcome measures. Input measures alone are of limited use
fulness since they only indicate a program's potentiaZ--not actual-
performance. On the other hand, the process measures do identify a 
program's performance but do not consider the impact of that perfor
mance. Finally, the outcome measures are the most meaningful 
observations since they reflect the ultimate results of the program. As 
might be expected, most of the available PCCC assessments or evaluations 
are fairly explicit about the input measures, less explicit about the 
process measures, and somewhat fragmentary about the outcome measures. 

The fourth set of evaluation measures--the systemic measures--can 
also be regarded as impact measures but have been overlooked to a large 
extent in the evaluation literature. The systemic measures can be 
regarded as broad impact measures; they allow the program's impacts to 
be viewed from a total systems perspective. As listed in Exhibit 2.3 
Tien and O'Donnell [1978J have identified three contexts in which to 
view the impact of a program. First, the program's impact on the im
mediate organization and on other 0rganizations can be assessed. For 
example, a management information system may change or may be changed by 
the power structure of an organization. 

Second, the pertinent input, process, and outcome measures can be 
viewed over time, from a longitudinal perspective. In this manner, the 
impact of the program on a particular system can be assessed not only in 
comparison to an immediate IIbefore li period but also in the context of a 
longer time horizon. Thus, the successful implementation of a CAD 
system in a police department which has had no technological innovations 
during the past ten years is more significant than an equally successful 
implementation of a similar system in a department which has recently 
implemented a number of other innovations. 
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Exhibit 2.3 

Program Evaluation Measures 

INPUT 
. 1 (Ob O tives Assumptions, Hypotheses) 

Program RRatlonaO~ilit~e(principal Participants, Participant Roles) 
. Program esponsl 0 1 S s Uses) 

Program Funding (Fundlng Leve ~ ource itical Environmental, Legal) 
Program Constraints (Techn010g~~~1't~Ol, System Design, Implementation 
Program Pl an (Performance Spec I 1 ca lOn-, 

Schedule) 

PROCESS 
o ( • Verification Implementation Cost) 

Program Implementatlon Deslgn S st~m Maintenance, System 
Program Operation (syste~tPerfsOrmtanmceVu'ln~rability System Reliability, 

Secun y, ys e ' 
Operating Cost) . .) 

. Concurrent Programs (Technological, Physlcal, Soclal 

OUTCOME 

Attitude (Citizen (Fe~r), Crimin~l, police) 
Behavior (Citizen, Cnmlnal, pollce) . Displacement Level) 
Crime (Detection, Deterrence~ Apprehenslon, 

SYSTEMIC 

· Organizational (Intra-Organizational, Inter-Organizational) 
• Longitudi na 1 (Input, Process, Outc~me ~ures Comparabi 1 ity, Transferabil ity, 

Programmatic (Derived Performance ea , 
· Generalizability) 

Source: [Tien and O'Donnell, 1978J 
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Third, in an overall programmatic context, the systemic measures 
include: (i) second-order systems performance measures (e.g., cost
benefit and productivity measures); (ii) a comparison of program results 
with other findings of similar programs; (iii) an assessment of the 
potential of transferring the program to other locales or jurisdictions; 
and (iv) a determination of the extent to which the program results can 
be generalized. In terms of generalization, it is important not only to 
make, for example, a police recommendation that CAD should be promulgated, 
but also to define the limits of such a recommendation. 

2.3 STUDY METHODOLOGY 

Information about PCCC for this report was collected in a two-stage 
process: first an extensive search of the literature and available 
information, and second, a direct collection effort of surveys and site 
visits. During the first eleven months of the project, substantial time 
was spent collecting PCCC-related literature and other infurmation 
relating to current applications of PCCC technology. A variety of 
information sources were used, including: letters and phone calls to 
police departments and suppliers of PCCC technology; a review of the 
documents available from the National Criminal Justice Reference Service 
(NCJRS), PSE, and other research firms; reviews of magazine indices; and 
discussions with informed persons. Our literature search netted 239 
pr.CC-related docu~~nts; selected items are listed in the bibliography at 
the end of this report. 

We found that there have been very few formal PCCC evaluations and 
that little is known about the actual impact of PCCC systems. Most of the 
available literature consists of feasibility studies, trade journal 
artisles, and subjective assessments made by police administrators. For 
this reason, we devoted a substantial amount of effort in this study to 
direct information gathering in the PCCC area utilizing a range of 
research samples. As outlined in Exhibit 2.4, four sets of research 
samples were used: the preliminary sample which included all cities 
identified as having any of the relevant PCCC technologies; the study 
sample includes those cities which received telephone and mail surveys; 
the analysis sample where we made the site visits; and the test sample. 
The various samples were not used to collect detailed evaluation data 
from particular PCCC systems but instead were used as a basis for a general 
assessment of the problems ard issues of PCCCs. As such, the study method
ology does not include rigorous control measures (for example, no control 
group of cities was used), and to a certain extent our findings are somewhat 
subjective. 

The largest sample, the prelim'inary sample (shown in Exhibit 2.5), 
was the initial set of projects from which the other samples were drawn. 
The preliminary sample was developed based on a review of the available 
PCCC literature and a series of initial letters which were sent to a 
number of different police departments. Because of focus of the project 
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Exhi bit 2.4 

Assessment Sample and Task Relationships 

Information Sources: 
telephone, survey docu
ments, site visits 

. ~nformation Sources: 
. site vi sits, i ntervi ews, 

ma i.l survey 
Describe operations, 
diagrams, measures 

Information Sources: 
literature, contacts, 

telephone 

Prel ;:iJ1 nary 
Sample 
(100 ) 

Study 
Sample 

(36) 

Analysis 
Sample 

(1 g) 

Test 
Sample 

(1 ) 
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Compile facts, expectations, 
measures; synthesize knowl
edge and identify gaps 

Design further evaluation 

Pre-test evaluation design, I 

conduct research simulati~ 

I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I , 
I 

I 
I 

I 
I , 

! 
I 
I 

I 
I 

Exh i bit 2.5 

PCCC Preliminary Sample 

Associated Associated 
Jurisdictior. PCCC Technologies Jurisdiction PCCC Technoloaies 

911 CAD MDC AVM RCS 911 CADI MDCI AVM RCS 

Alameda County, CA x x Mil waukee, WI x I 
Albany, NY x x Minneapolis, MN x x 
Anoka County, MN x Moline, IL x [x] 
Atlanta, GA x (xJ2 Montclair, CA [x] 
Atlantic City, NJ x x x Multnomah County, OR x x 
Aurora, CO x x (x) Muskegon County, MI x x 
Baltimore County, MD x (x) Nashville, TN x 
Birmingham, AL x x Newark, NJ x x x 
Boston, MA x x New Castle County, DE (x) 
Broward County, FL x x x New Orleans, LA I x [x] 
Camden, NJ x x New York City, NY I x x x 
Champa i gn, I L x x Norfolk, VA I (x) 
Charlotte, NC x x North Las Vegas, NV I x 
Chesapeake, VA x Northbrook, IL (x) 
Chicago, IL x x Oakland, CA x x x 
Cleveland, OH x Oak Park, River Forest, 
Colorado Springs, CO x (x) Forest Park, IL x x x 
Columbus, OH (x) Oklahoma City, OK (x) 
Cranston, RI x Palm Beach County, FL (x) x 
Dade County, FL x x x Peoria, IL x x 

I 
Da 11 as, TX x x x Phoenix, AZ x x 
De Ka 1 b County, GA x x x Philadelphia, PA x x 

I 
Denver, CO x (x) Pinellas County, FL x x x I x 
Detroit, MI x x x Portland, OR I x x I Fort Worth, TX x Prince Georges Cnty., MD I x x 
Fresno City, CA x x Quad Cities (lA, IL) I I (x) 
Fresno County, CA x Reading, PA 

I 
(x) 

[~] I Garden Grove, CA x Rock Island, IL 
Garland, TX x Sacramento County, CA x 
Glendale, CA x x St. Louis, MO x I x 
Greensboro, NC (x) (x) St. Petersburg, FL x x 
Hamilton County, OH x x Salt Lake City, UT x x 
Hampton, VA x [x]3 San Antonio, TX x x I 
Hennepin County, MN x x San Diego, CA x [x] 
Hillsborough County, FL x x x San Francisco, CA [x] 
Huntington Beach, CA x x x San Joaquin County, CA x 
Indianapolis, IN x x San Jose, CA x x x 
Jackson, MS x x San Ma teo, CA . x (x) (x) 
Jacksonville, FL x Santa Ana, CA x 
Johnstown, PA [x] Santa Clara County, CA x x 
Kansas City, MO [x] Seattle, ~JA x x 
Kenosha, WI x Shreveport, LA x x 
Lake County, IN x South Bay Area, CA x x x 
Lan-sing, MI x (x) Sunnyvale, CA I x x x 
Las Vegas, NV x x Tacoma, WA I x 
Long Beach, CA x (x) Tampa, FL x 
Los Angeles, CA (x) x Tucson, AZ x x 
Los Angeles County, CA x Tulsa, OK x 
Madison, WI x x Virginia Beach, VA x x 
Memphis, TN (x) Washington, DC x x [x] 
Miami, FL x x (x) Winston-Salem, NC x 

iData in this table came from a variety of sources, including: letters, ~hone calls, and site visits to police 
departments and suppl iers of PCCC technology; a review of the documents available from PSE, NCJRS, and other 
research firms; and discussions with informed persons. 

2(X) indicates that the city is in the process of implementing the technology. 

lex] indicates that the technology is being (or has been) phased out. 

17 

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



was on CAD, MOC, and AVM, the preliminary sample included all cities 
which were identified as having any of these technologies. This sample 
also included several manual dispatch systems, as well as some juris
dictions with advanced 911 systems and some with Regional Communication 
Systems. 

A second sample level, the study sampLe~ was drawn from the pre
liminary sample. Thirty-six cities were selected, and these cities are 
listed in Exhibit 2.6. The study sample was selected in order to yield 
jurisdiction type, geographic location, combination of PCCC technologies, 
CAD system age, and CAD system success. The breakdown of the sample by 
these six factors is also shown in Exhibit 2.6. Data from the cities in the 
study sample were collected by tvJO different methods: telephone interviews 
and follow-up mail surveys.* 

The analysis sample~ shown in Exhibit 2.7, consisted of the 19 cities 
which were selected for site visits. They were drawn from the study sample 
based on the six criteria listed above. Since our focus was on CAD, the 
majority of our site visits were made to police departments with CAD 
syste~s. We also visited cities with a wide range of combinations of 
PCCC technologies (e.g., 911 and CAD; CAD and MOC; MOC and AVM, etc.). 
We chose a mix among the size of cities, although our focus was on medium
sized cities (those in the 250,000 - 1 million range). Further, we selected 
cities VJhich were a representative geographic sample, with val~ying juris
diction type and with different system ages and success. 

The final sample level was the test sampLe. The test sample 
cons~sted of the police department in one city-- HLlntington Beach 
Ca1ifornia--where we performed a field assessment of the single project 
evaluation design. Huntington Beach was selected as the test sample 
primarily because of its mix of PCCC technologies and the data available 
from a number of years of experience with system implementation. 

*Phone contacts were made with all 36 cities, and interviews were generally 
30-45 minutes long. In most cases discussions were with the communications 
supervisor, and, although a precise interview questionnaire was not 
strictly followed, a common set of questions was raised with everyone. 
This general interview guide covered six major areas: CAD, 911, MDC, AVM, 
general communications, and communications personnel. The mail surveys were 
sent as a follow-up to the telephone interviews. Two of the jurisdictions 
(San Francisco and the Quad-Cities) were not sent mail interviews as they 
were found not to have any of the PCCC technologies. No one single inter
view questionnaire was used for all of the cities: rather, each jurisdiction 
received a follow-up survey which was closely tailored to the cityl~ actual 
PCCC applications (based on data gathered from the telephone survey). Of the 
34 cities which received mail questionnaires, 30 responded in some fashion 
for an cv~rall response rate of 88 percent. 
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Exhibit 2.6 -----
PCCC Study __ Sallp~ 

City or Jurisdiction 
Coun ty Ilame Size Location Type 

---------

Albany 2 
Aurora 1 
Boston 4 
Cha rl otte 3 
Chicago 5 
Cranston 1 
Dade County 5 
Dall as 4 
Denver 4 
Dl'troit 5 
Fresno City [' 

Fresno County 3 
Hampton 2 
Huntington Beach 2 
Indianapol is 4 
Las Vegas 3 
Los Angeles 5 
Miami 3 
rlinneapol is 3 
Nashvi 11 e 3 
Newark 3 
New York City 5 
North Las Vegas 1 
Oakland 3 
Philadelphia 5 
Qua d-Cit i es 3 
St. Loui s 4 
Salt Lake City 2 
San Antonio 4 
San Diego 4 
San Frdflcisco 4 
San Jose 4 
Seattle 4 
Sunnyvale [' 

Tulsa 3 
Virginia Beach 3 

If.09~ 

5 
4 
3 
2 
1 

iCudeJ. 

City 
County 
City/County 

.\Ju~i~~c_ti o.~S_i.!~ 

Over 1 Million 
500,000 - 1 Mill ion 
250,000 - 500,000 
100,000 - 250,000 

50, OQP_~..!Q9, 000 

Total 

Juri sjic..ti onllP_e.. 

Cii:.y-wide 
County-wide 
Combination 

Total 

f!\_D_~_Slel'l. Stat~ 

System Operational 
Not Operational 
1i.~_D ____ _ 

Total 

NE City 
W City 
NE City 
SE City 
MW City 
NE City 
SE City/Cpunty 
SH city 
14 City 
MW City 
CA City 
CA County 
SE City 
CA City 
~lW City 
14 City 
CA County 
SE City 
MW City 
SE City/County 
NE City 
NE City 
14 City 
CA City 
NE City 
MW Coun ty 
~HI City 
14 City 
SH City 
CA City 
CA City 
CA City/County 
H City 
CA City 
SW City 
SE City 

Number of 
~.ll!isd_i~tj~ ~d~ 

6 
10 
11 

6 
3 

36 

Number of 
J_u.risdictions 

30 
3 
3 

36 

Number of 
J.uri sdi ct ions 

30 
1 

..J. 
36 

NE 
SE 
MW 
SW 
CA 
W 

if.~c!.tl 
Old 
~led 
New 
N.D. 

~ 
911 
CAD 
MDC 
AVM 
RCS 

CAD 
System 

Age PCCC Techn01ogie_s __ 

Med CAD, I~DC 
Nel'O CAD, 911 
r~ed CAD, 911 
DId CAD, 911 

911, MDC 
Med CAD 
Med CAD, RCS, 911 
Old CAD, ~1DC, AV~: 
N.D. (CAD)I, 911 
Old CAD, NDC, 911 
Med CAD, MDC 
Med CAD 
Old CAD, [MDel' 
Old CAD, NDC, AV~l 

New CAD, 911 
Old CAD, MDC 
Old CAD 
Med CAD, 911 
New CAD, 11DC 

911 
Med CAD, NDC, 911 
Old CAD, NDC, 911 
Old CAD 
Ned CAD, MDC, 911 
New CAD, 911 

(RCS)3, [NOC] 
NDC, AVI~ 

New CAD, 911 
Ned CAD, 911 
Old CAD, [~1DC] 

[t~DC] 
Old CAD, MOC, RCS 
Old CAD, !:lll 
Med CAD, r·mc, 911 
New CAD 
Ned CAD, NDC 

Number of 
Jurisdiction Location ~..u_ri sdic_t.i?.!1..S. 

Northeast 6 
Southeast 6 
Midwest 6 
Southwest 3 
Cal ifornia 9 
Othe.r Wes!....f93..?.~._ 6 

Total 36 

Number of 
CAD System Age J..ll!isdict~2. 

01 der than 5 yea rs 12 
2-5 years 12 
Less than 2 years 6 
Not yet operational 1 
No CAD 5 

Total 36 

Number of 
PCCC Techno~_ Jurisdicti~ 

911 18 
Computer-Aided Dispatching 31 
Mobi.le Digital COJTT:Iunications 17 
Automatic Vehicle Monitoring 3 
Regional Communication System 3 

Iparentheses indicate that the technology is in the process of being implemented. 

2Brackets indicate that the technology has been (or is beinj) phased out. 

3Quad Cities attempted to create a regional conrnunication system but has so far beer unsuccessful. 
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Jurisdiction 

Aurora 
Charlotte 
Cranston 
Dade County 
Da 11 as 
Denver 
Huntington Beach 
Indianapolis 
Las Vegas 
Miami 
Newark 
N. Las Vegas 
Oakland 
Philadelphia 
St. Louis 
Sa lt Lake Ci ty 
San Antonio 
San Diego 
Sunnyvale 

Technologies 

None 1 
CAD 2 
911 ,CAD 9 
CAD,MDC 2 
911,MDC ° 
911 ,CAD ,MDC - 3 
CAD,MDC,AVM - 2 

Jurisdiction Type 

City 18 
City/County - 1 

Exhibit 2.7 

Site Visits and Site Selection Criteria 

CAD CAD 
Jurisdiction System System 

Technolo9~ Size Location ~ ~f:- Status ----

1 W City New ! 
911 ,CAD 

SE City 01 d ! 
911 ,CAD '3 ! 1 NE City Med 
CAD City/County Med ! 
911 ,CAD 5 SE 
CAD,MDC,AVM 4 SW City Old ! 

911,{CAD)* 4 W Ci ty NO X 

2 CA City Old ! 
CAD,MDC,AVM 

4 MW City New ! 
911,CAD 

2 W City Old ! 
CAD,MDC ! 
911 ,CAD 3 SE City Med 

NE City Med ! 
911 ,CAD ,MDC 3 ! W City Old 
CAD 1 ! 
911 ,CAD ,MOC 3 CA City Med 

NE City New ! 
911 ,CAD 5 
AVM 4 MW Ci ty 

! 2 W City New 911 ,CAD 
SW City Med ! 

911 ,CAD 4 ! 
CAD,[MDC]** 4 CA Ci ty Old 

911 ,CAD,MDC 2 CA City Med ! 

Jursidiction Size Jurisdiction Location 

5 : Over 1 million 2 NE: Northeast - 3 

4: 500,000-1 million 6 SE: Southeast - 3 

3: 250,000-500,000 4 MW: Midwest 2 

2: 100,000-250,000 4 SW: Southwest 2 

1 : Under 100,000 3 CA: California 4 
W: Other West Coast - 5 

CAD S~s tern Age CAD System Status 

Old: More than 5 years 6 ! CAD operational - 17 

Med: 2-5 years - 7 X : CAD not yet 
1 

New: 0-2 years 4 operational -
No CAD - 1 

NO: Not yet operational 1 
No CAD - 1 

* Parentheses indicate that a technology is in the process of being implemented. 

** Brackets indicate that a technology has been (or is being) phased out. 
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3 ASSESSMENT OF PCCC TECHNOLOGIES AND APPLICATIONS 

This chapter provides a general assessment of each of the six PCCC 
technologies and applications based on a review of the available literature 
and information from PSEls surveys and site visits. It is important to 
note that the chapter does not provide detailed evaluations of particular 
PCCC systems, but instead consists of a general assessment of PCCC 
problems and issues. Furthermore, because of the lack of detailed 
evaluation data, the results presented here are to a certain extent 
subjective and based on PSEls opinions or impressions. 

Because CAD has received special emphasis in this study it will be 
discussed first, followed by an assessment of MDC, AVM, 911, Formal 
Deployment Models, and Regional Communication Systems. Vlithin each section 
~ill Q~ a general d1sc~ssion of the state of the art of the technology, 
ltS obJectlves and lmpacts, and general conclusions. 

3.1 Cor~PUTER-AIDED DISPATCH (CAD). 

3.1.1 STATE OF THE ART OF CAD 

CAD systems are those systems which involve the computer in the 
process of handling service calls from the public, in making decisions 
as to which patrol units should be dispatched to an incident, and in 
making appropriate adjustments in the status of units as necessary. In 
general, CAD systems do not completely automate the normal handling of 
service calls from the public, but instead make use of the computer1s 
unique capabilities to enhance the handling of calls for service. 

CAD generally assists the complaint operator by verifying incident
related information to the extent possible (most commonly by verifying 
addresses) and checking to see if certain necessary information (such as 
incident address and incident type) has been entered. Most CAD systems 
also automatically determine the beat in which an incident is located (by 
checking a qeocoded address file) and generally assign a case number and 
priority to each call. If the address has a "dangerous" history (which 
the computer would check by searching past incident files), the computer 
may also report this. The incident-related information is then routed 
automatically to the appropriate dispatcher. 

Based on the status and anticipated locations of the patrol units 
(which the CAD system checks from a field unit status file and a person
nel file), the computer typically recommends to the dispatcher several 
possible units to dispatch. Once a unit has been dispatched, the com
puter can automatically record the time it is dispatched, the time it 
arrives at the scene, and the time it becomes free. CAD also assists 
the dispatcher by keeping track of the s~atus of all incidents, and 
provides the dispatcher with instant recall of dispatch data. 
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As outlined in Exhibit 3.1, CAD systems encompass a number of 
possible features. Although any single CAD system does not generally 
include all of the features identified in Exhibit 3.1, the listing 
outlines the range of options available with CAD. 

CAD serves at the heart of the command and control process. It 
provides direct assistance in the dispatch process through the incident 
and dispatch-related information it provides, and allows police depart
ments the potential for increased control over their command and control 
operations. Furthermore, because CAD automates much of the dispatch 
process, it provides a basic framework for bringing together many of the 
PCCC-related technological innovations. For these reasons, the trend 
has been for police departments to install CAD before Mobile Digital 
Communications (MDC) or Automatic Vehicle Monitoring (AVM), and CAD has 
been more widely implemented than either MDC or AVM. 

A number of police departments are currently using CAD systems, 
although the actual rate of implementation has been somewhat slower than 
initially predicted. A survey conducted by Colton in 1971 indicated 
that 61 police departments were planning to install a CAD system within 
the next 3 years (Colton, 1972). However, when a second survey was 
conducted in 1974, only 15 departments had systems close to operational 
(Colton, 1974). The failure of some departments to establish operational 
systems is an indication of the difficulties involved in implementing 
such applications. Such failures also indicate that the use of CAD is 
still in an early phase. 

In the past several years, however, the implementation rate of CAD 
seems to have increased. A mid-1975 study by the Jet Propulsion Labora
tory found that only 10 percent of the 135 police departments and juris
dictions with more than 100,000 population had a CAD system, and many of 
these were essentially new (Sohn et al, 1975(a)). Based on PSE's analysis 
to date, it now appears that about 30 percent of the cities with a 
population above 100,000 have operational CAD systems, and another 10 
percent are either in the planning or implementation process for CAD. 

Data collected by PSE indicate that there are 65 police CAD systems 
currently in operation in the United States, and another 15 currently 
being implemented. These are listed in Appendix B where a breakdown 
of CAD by city size is also shown. As illustrated, CAD systems are most 
prevalent in cities with a population greater than 250,000; of these, 
50 percent have CAD systems. There seems to be little significant 
difference in implementation rates between very large cities (those with 
a population greater than 500,000) and large cities (population 250,000 -
500,000), Medium-sized cities (population 100,000 - 250,000) have 
approximately half as many CAD applications as larger cities, with a 
17 percent application rate. It appears that only a very small fraction (1%) 
of cities with a population less than 100,000 have CAD systems. 
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fCCC Function 

Needs Identification 

• Status Monitoring 

. Response/Adjustment 

Exhibit 3.1 

CAD: Possible System Features 

CAD-Related Features! 

Complaint clerk enters incident-related information into the 
computer 

~AD adds routine data (incident number, date, time, etc.) 

Computer checks data validity (address verification, etc.) 

Computer assigns a call priority 

Computer assigns a beat number 

Computer checks for previous incidents at this address or 
other related data (e.g., hazardous information) 

Computer estimates length of time until a unit can respond to 
the call 

Backup operator handles lengthy calls 

CAD.provides real-time monitoring of vehicle status (and 
veh1cle location, if tied to AVM) 

CAD m~intains a continuously updated incident file (assigned, 
unasS1gned, cases cleared, etc.) 

Supervisor can monitor unit and incident status by call ing up 
compla1nt clerk and dispatcher displays 

Operator has computerized files of frequently used telephone 
numbers (ambulance, tow, etc.) 

CAD routes incident information to appropriate discatcher 

Computer provides a summary list of incidents in the system 

Co~puter r~conrnends which unit(s} LO select (based on estimated 
un1t 10catlOn) 

Computer automatically times calls and raises a "flag" if a 
call takes longer than a specified time 

Computer provides telephone, radio, digital activity statistics 

Unit status ~an be updated automatically (with MDC), or through an 
operator (us1ng CAD or a separate system) 

Pa~rolmen can automatically sign in as "available" at shift change 
us 1 ng remote terml na 1 s 

Data base queries can be handled automatically (via MDC) or 
through dn operator (using CAD or a separate system) , 

lThif3]eXhib~t draws from, among other so~rces, "Table 3:CAD System Functions" [Sohn et al 1975(a) 
p. . T e reader shoul~ note that some of these fpatures relate directly to the compufer techn~loQ 
Othetr feahturehs are esse~tl~lly manual and involve a human element which could be part of any di~patc~y· 
Sy5 em, w et er or not 1t 15 automated. 
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PCCC Function 

• Resource Management 

Exhibit 3.1 

(Page 2 of 2) 

CAD-Related Features 

Dispatcher can have one, two, or more CRT screens 

Computer maintains temporary situation files (e.g., traffic and 
street repairs) 

CAD supports coordination of multiple unit (and/or agency) 
assignments to one incident 

CAD provides a basis for officers' daily incident reports 

Computer handles routine log-off operations (e.g., adds time, 
date, and stores in closed incident file) 

Computer periodically generates crime statistics reports for 
state and federal use 

Computer reports can be generated off-line 

Computer provides statistics by any desired set of categories 
(type of crime, area, time of day, etc.) 

Computer generates management reports from CAD for departmental use 
(e.g., incident logs, officer activity logs) 

Computer can automatically flag deviations or trends 

One-time, special reports (e.g., particular crime activity 
patterns) can be generated 

Computer can automatically generate required data for resource 
allocation models 

On-'!ine information is available via remote terminals for patrol
men, sergeants, etc. 
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We have also identified 14 county-wide CAD systems. In some cases 
(such as Santa Clara County) city and county agencies have pooled re
sources to create a joint CAD system; in other cases (e.g., Fresno 
County) the county-Wide system is independent of a city-wide system 
within that county. (Section 3.6 of this report provides a more 
detailed discussion of current applications of regional communication 
systems. ) 

Since CAD is the primary focus of our project, 31 of the 36 juris
dictions in our study sample have an operational or partially operational 
CAD system. A number of basic statistics related to these systems 
(collected from telephone and mail surveys and site visits) are shown in 
Exhibit 3.2. 

CAD system characteristics vary greatly from city to city. While there 
are some basic functions carried out by all the systems, there are also a 
number of different functions carried out in different departments. The 
CAD systems in our study sample range from the very simple to the very 
complex. In Detroit, for example, the CAD system includes graphic computer 
terminals (called CRTS) only for complaint operators; the dispatchers 
use a manual system. In other cities, such as Las Vegas and San Diego, 
both dispatchers and complaint clerks have CRTs, while the officers in the 
cars have mobile digital terminals which can be used to receive dispatch 
messages as well as to inquire directly into law enforcement data files. 

SYSTEM DESIGN/PHILOSOPHY 

Much of the actual design of CAD systems is based on the philosophy 
of each department regarding CAD. Departments also differ depending on 
whether they have a shared or dedicated computer facility and whether 
the police CAD system is shared with other emergency services such as fire 
or emergency medical services. 

There are at least three diff'eJ:·ent appY'oaehes/phiZosophies among 
the jurisdictions we surveyed regarding the actual function of CAD. 
First, in some jurisdictions, such as Philadelphia, Dade County, or Salt 
Lake City, CAD is looked upon mainly as a tactical tool for dispatch. 
These systems serve as efficient tools to aid the dispatch process, but 
they produce few, if any, manilgement reports. A second group of cities, 
such as Huntington Beach, look upon CAD as a source of management data. 
In Huntington Beach, with a population OT only 150,OOO~ and an area of 
only 35 square miles, the need for CAD a~ a dispatch tool is much less. 
Instead, CAD is viewed primarily as a means of collecting incident
related information to assist the patrol and investigation divisions in 
making management decisions, and as a part of an entire process to auto
mate and tie together their record-keeping and reporting systems. A 
third attitude toward CAD is found in San Antonio, Dallas, and Cranston. 
In these cities, CAD is seen primarily as one component of an entire 
computerized, "on-line" police information system. CAD is thought of not 
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only as a dispatch tool or as a management inf~rmation s~stem unto 
itself, but also as an important first step WhlCh feed~ 1nto ,other 
components of an automated police information system,(1nc1ud~ng re
porting, property, and investigation Su~system~) .. F1na11y, ln s~me 
cities some combination of the above ph110soph1es lS found. It 1S also 
important to note that a city's attitude toward CAD can chan~e o~er 
time so that, for example, CAD may at first be thought of p~1mar1l~ as 
a dispatch tool but later may be the foundation for an on-l1ne pO~lce 
information system. Failure of a police department to formulate 1tS 
philosophy (which may even be some combination of the three above) 
will generally leave the department at the mercy of the vendor or 
designer to choose their ~wn special focus. 

Of the 31 cities in our study sample with operational or partially 
operational CAD systems, 27 have a computer ,ieci-zc'at,;j to the CAD sys~em. 
Most cities appear to believe it is important to have a computer dedl
cated to the CAD system in order to assure adequate.compute~ r~sponse 
time. In San Antoni 0, however, where the computer 1 s ,'~,;m)(?a Wl th the 
city government, the police department decided not to get,a dedicated 
computer for their CAD system because they felt that sharlng a computer 
with other' agencies would enable the~ to ha~e ac~ess tO,a larger, more 
up-to-date computer. This, they belleve, wlll g1~e t~elr CAD ,system a 
longer lifespan. Also, while computer r~sponse t~me lS slow 1n ~an, 
Antonio during the day (when the other C1ty agenc1es are ope~), 1~ 1S 
not slow during the evenings and weekends when the departmen~ belleves 
that quick response time is most important. Thus, San Anton1o has made 
a tradeoff between quick computer response time during the day and the 
use of a larger and more powerful computer. This example,illust~a~es 
that there are typically tradeoffs involved in system des1gn dec1s1ons 
and the same solutions may not always be the best for all departments. 

While we discovered relatively little chaY'1>ne of (?omputel' fac.dli
ties between police CAD and local city (or county) computer operations, 
we did find some sharing of CAD systems with local fire or emergency 
medical service (EMS) a~encies. For example, the Boston CAD system is 
shared with the Boston EMS agency; and Dallas, Sunnyvale, Salt Lake 
City, Aurora, and Indianapolis share their CAD systems with the,local 
fire departments. However, this sharing seems to be the except10n 
rather than the rule, and in general there seems to be little CAD 
sharing between public safety agencies. This may be due to political 
problems, to tradition (if the agencies have traditionally not worked 
together in the past), to differing command and control needs, or to 
some combination of these factors. 
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IMPLEMENTATION PROCESS 

.In most)urisdictions we surveyed) CAD serves as a "base technology." 
CAD 1s.the f1rst PCCC technology implemented. Once the system becomes 
operat1on~1, and as the department obtains additional funding, other PCCC 
technolog1es such ~s MDC and AVM may be added. Hungtington Beach, for 
exa~ple,.h~s had f1ve PCCC~related implementation phases. In 1973, CAD and 
mob1le d1g1tal status term1nals were installed as a first step. Then in 
1975 and 1976 the CAD system was upgraded and expanded; in 1977 AVL was added. 
The last two phases, which are currently underway involve the addition of an 
automated report writing system and new MOTs in the patrol cars with tele
printers and dat~ ~ase.access. Of the 33 cities in our study sample with CAD, 
MDC, or AVM, 24 c1~les 1mplemented CAD as a first technology, 4 implemented 
CAD at the same t1me as MDC, and only 5 installed either MDC or AVM first. 

In most cas~s.t~e implementation of CAD is an iterative, ongoing 
process. After 1n1t1al CAD installation--which, based on our study sample, 
can take half a year to several years--systems typically undergo upgrading 
every few years. After initial implementation, cities discover new uses 
for CAD .. As the~ become.more familiar with the capabilities of their system, 
they beg1n to adJust the1r system to fill further needs. PCCC system use is 
a dynamic process; after implement'ing a system such as CAD, departments should 
expect that the system will need to continually evolve and mature to satisfy 
changing needs. 

COSTS 

Consistent and reliable data concerning PCCC costs are difficult to 
obtain. Costs seem to vary from city to city, and jurisdictions--even 
during site visits--seem to have only an imprecise idea as to costs and 
only a~gregate data seems to be readily available. Still, it is worthwhile 
to.rev~ew the cost data w~ obtained from our surveys and site visits, 
pr1m~r1ly as a means of h1ghlighting the problems with the data. In Appendix A 
we d1SCUSS some of the methodological and analytical considerations in 
estimating CAD system costs. 

C~D ins~a~lation costs varied widely among the cities we surveyed, as 
shown 1n Exh1b1t 3.2. The lowest CAD system was $154,000 in Cranston and 
the highes~ was ~16:8 million in New York City. It could be expected'that 
much of th1s var1at1on would be accounted for by city size and communications 
cen~er workl?ad. However, t~ere was also a wide range of system costs per 
caP1ta, rang1ng.from a low of 35¢ per person in Dade County to a high of 
$33.per person 1n Auro~a. In cost per thousand dispatches, the low was 
$1 1n Boston an~ the h1g~ was $2~ in Los Angeles County. We did not find any 
a~parent econom1es (or d1seconom1es) of scale when comparing cost per thousand 
d1spatches, although we did find that in cities with a population greater 
th~n 2~0,090~ the,average cost.per thousand dispatches was approximately $7.50, 
wh11e 1n c~t1es w1th a populat10n less than 250,000, the average cost per 
thousand d1spatches was approximately $11.30. Difficulties associated with 
comparison of CAD costs among cities are discussed in more detail in Appendix A. 
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EXhibit 3.2 

CAD-Related Statistics 

JurisdictiO:-1 

~'Iew York City 
Chicago 
:... A. :ounty 
Jade County 
P~ilade1phia 
Jetrcit 
!)a 11 as 
San Antonio 
:ndiana::Jolis 
San Francisco 
Sar. Jiego 
San Jose 
50S ton 
St. Louis 
Jenver 

'"' '" :, , ,., 
:J_ -"'_. 
"r. tr.:, ~ _r.tl = 0 I __ 

:: c U C ! 
. - C ... c 

r: - I 
~-, 

,~ \ 7,605 i 3,550 I IBt! :10/70 

x 12,750 I 670: soc 5/74 
X 12,000, 495 ',' In-House 9/77 
X 11,820: 3,240 : ADL Systems 9/78 

1 X 1,300 i 770 I Boeing 10/73 
, X 859, 526! In-heuse 6170 

X 'I 850; i In-house 12/77 
X 7~1 I 401: Gen.Elec~ric 11/78 

X I 697 I 409 i 1·10torola I 1/75 
~ I 570 198 i Kustom I 6/74 
X 1 550 550 1 AOL Sys~ems i 4/75 

I ' ! ( X: I 515 248 ~'aUChlY-HOOd/I' , 
1 C; ty D. P . fL Y.O." 

Sea::l e X 505 225 Kustom i 6/71 
=resno County ,X 485 : PRC- PMS '\ 6/76 
:jasn\ ille, ' 
~inneapo1is ; Y 435 217 ADL Systems 4/80 
r1iami ' X 354, 260 E-Systems 111 /76 
newark : X 352: 250 Boeing 1 1/77 
OaK: and I X 350 i 300 Boei ng 6/77 
7ul sa ! X 343: 250, In-house 11 /78 
L.as Vegas 1 X 322' 168 i Kus tom 6/75 
Quad Cities' " 
Charlotte I X 310 I 190: SDC 6/74 
Virginia Seac h ! X 255, 113: '~otoro 1 a 5/76 
Fresno CHy I Xx' 185 : i Kustom 6/76 
Salt t;ke City 159' 100: !\otorola 11/78 
Huntington lEach: X 160 ; 73 i !10toro1a 10/74 
Hampton : X 150 I 35: Motoro 1 a 5/75 
Albany I X 114 : ; In-house ; 11 /75 
Sunnyva ie, X 105 50 I ilo:oro 1 a 111/76 
Cranston , X 77 : 19 ,J.Larimore i 5/77 
Aurora I X 75 I : ADL Systems 110179 
:lortllLas IJegas : X 50 i 12 ,J.Larimore ' 5/7e. 

-,v = yes; (X) = not yet fully operational 
:.ederol Revenue Sharing funds 
;~:. y, 0, = not yet fully oper?,ti ona 1 

28 

: i! ' ',50 I, ' 
r5,SOOI O~ llOO~ 2.21! u ! 
nd,120! O~ 11100% 5.13 i 21,07 31.8 i 48 
I 590 I 90:'; 1 O~; . 35 i 1. 39 5 .0; 12 
! 1 ,100 90% I 1 O~ .50: . 34 I 1 d 

: I (s orne )1' ! ',I 1 2 
i 'I 0::' 100% I 
I 501 100?; 1 O?: .71 I I 15.01 35 : I O~ 1100% 2.32 1 5.21: ';'.0 I 26 

I 650 0% l();her .53 i 1. 59, 5.0 
1,600 45% I 55;; 2.31, 8.08,20.0! 24 I 550 75% I 25:; 11. 18 i i. 00 j 6.0 I 2L 

, 1 I , I 1 

! 3,000 I 55% I 35% 'I 5.83112.12 I "l. Y .0.1 "-8" 
, 500 I 50% 50% .99 2.21' 2.5: 24 
1 1 ,000!50%1 40:;12.051 ! 6 

11,200 1 90% II 10% 1 2. 76 ! 5.53 'I 
1 (sane) I 

'I 960 (some) I 2 . 73 I 3. 84 ' 
I 493 90% I 10% 11.41 1.64 4.2 211 
i 0% 1100:'; ! 
i 100% 0% 'I 24 

I 541 35% [54% 2.07 i 3.37 i 9,3 15 
11,000 0% 100% '3.92\ 8.35! 4.1 12 
I ~me) 1 i 24 

\

2,400

f 

0% 1100% 14.20 , 24.00 I 36 
825 40% I 60%! 5.15 : 11. 30 I 18 

SOIlE) , I I I 12 
, 0% ; 100% I I I 
I 815 i 50~; 15m; I 7. 7') i 1 3.50 I 9.9 

I 154 i 9m; I 10?; I 2.00 I 3,11 I 1 .1 
2,5001 0% 1100% 133 . 30 : I 

! 501 00% i 0% i 1. 19 I 4 , 1 7 I 1 2 

3.1.2 OBJECTIVES AND IMPACTS 

STATED OBJECTiVES 

A CAD system is often at the center of police activities related to 
command, control, and communicatiD~s. Many of the activities of actual CAD 
systems are routine (i .e., the corl.luter is simply carrying out a structured 
activity which had been performed manually before CAD). However, CAD 
also has non-routine applications as a resource management tool, both on-line 
(through call prioritization, estimation of the time until a unit can respond 
to a call, etc.) and off-line (by generating management reports, data for re
SOUI"Ce allocation models, etc.) The stated objectives of CAD, as presented 
in the literature, reflect the range of functions encompassed in a CAD system 
and reflect the actual use of CAD mainly for routine purposes. Most of these 
objectives, which are summarized in Exhibit 3.3 relate to CAD as an on-line 
operational tool that directly assists the dispatcher in processing calls . 
These include objectives which focus primarily on the status monitoring and 
response/adjustment functions of PCCC. Objectives related to resource manage~ 
ment do not receive as much emphasis. 

IMPACTS 

The level of success of different CAD applications varies significantly 
although many systems are working around the country and the number of systems 
continues to increase. For example, the systems in San Diego (Colton, 1978; 
Hoobler and Fortier, 1975), and New York City (Colton, 1978) seem to be quite 
successful, while those in Boston (Hebert, 1978) and Denver (Moya, 1978) have 
met with major difficulties. Based on our surveys and site visits, most 
departments are pleased with CAD and their systems seem to be well accepted. 
Many departments did note initial resistance to CAD among cummunications personnel, 
patrol officers, and supervisors, but they reported that once their system 
began to operate smoothly, it became well accepted. The question in many police 
departments now is no longer wiZZ there be computer-aided dispatching, but 
when will it be installed and with what impact? 

Unfortunately, very few formal evaluations of CAD have been conducted, 
and those that do exist focus on input and process measures. Practically 
no data are abailable concerning outcome and systemic impacts. Exhibit 3.4 
summarizes actual and potential impacts for each of the stated objectives. 
Objectives are grouped as to whether they relate primarily to input, process, 
outcome, or systemic impacts. 

INPUT OBJECTIVES 

Based on literature reviews, surveys and site visits, it appears that 
most of the input-related objectives have been met. CAD has undoubtedly 
provided more and better data to police personnel to aid in the dispatch 
process. In our site visits, numerous cases were cited of easy access to 
information which was not readily available prior to CAD. Further, CAD has 
genera'lly been designed so as to facilitate police officer access to local, 
state, and federal data files, although CAD is not essential for officers 
to access such remote files. 
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Exhibit 3.3 

CAD: Stated Objectives 

To monitor and better display PCCC data -- including outstanding 
calls, ongoing incidents, and patrol unit status and activities. 

To provide better information to PCCC personnel -- including complaint 
clerks, dispatchers, and supervisors. 

To help decide which patrol unit(s) to assign to a call for service 
based on estimated unit locations. 

To reduce response time -- through reductions in call answering, call 
processing, unit assignment, and travel times. 

To improve officer safety -- by more effectively monitoring unit 
status and responding more rapidly in case of emergency. 

To facilitate access to remote data files -- including outstanding 
warrants, stolen property, and state and national inquiry systems. 

To improve the quality of data maintained from the dispatch process -
through address verification, automatic assignment of case numbers, 
dates, and times, elimination of duplicate entries, etc. 

To better manage police resources -- through the use of better data and 
a better understanding of the command and ~ontrol process. 

To improve service to the public -- through quicker response time, 
better dispatch data, and improved management of police resources. 
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Better ~~nitor and 
display PCCC data 

Frovis_ Detter on-line 
in'ormatior. to PCCC 
Personnel 

r'!ake available 
better data from 
the PCCC process 

Facilitate access to 
remote data bases 

~elp decide which 
unit(s) to dispatch 
to a call for service 

Reduce emergency 
re5ponse times 

Improve coordination 
of emergency services 

Improve management of 
police demand 

Ir:;:>rove ,"araQement of 
police resources 

I~prove service to the 
public 

Allow for a 
transferable PCCC 

Exhibit 3.4 

CAD Impacts 

CAD syste~s have achieved this objective 
through auto~atic call ~onitorlng, 
furmatted screens, etc. 

CAD systems have achieved this objective 
through formatted screens, unit status 
lists, multiple screens, etc. 

In systems in which CAD stores dispatch 
and related data, data is saved more 
quickly, ch~aply, and accurately than under 
a marual dispatch system. 

~hen tied into CAD, automatic data base 
access is greatly facilitated. 
However CAD is not necessary for 
automated data base access. 

This objective is automatically 
achieved in CAD systems which recommend 
which unit(s) to dispatch, although 
recol~,1iendations are not always followed. 

Of 26 cities surveyed by PSE, 10 felt 
that CAD had reduced response time, 
9 ~ald it was the same, and only 1 said 
it was longer. (The other 6 did not know.) 
However, no cities had any solid data. 

This objective has been met in some cities 
where, for example, CAD is shared with local 
police, fire, or Er·1S agencies. In other 
cities, political problems have precluded 
cool-dination. 

Current CAD systems carry out little 
management of police demand which did 
not occur before CAD. 

r:ost: CAD systems have had little impact 
1n this area, although there are a 
few exceptions. 

There is no evidence to indicate that 
CAD has either improved or degraded 
service to the public. 

Little CAD transfer has taken place, 
except through vendors. Some sharing 
of experiences has occurred, but most 
police departments have, in effect, 
"reinvented the wheel" in creating and 
irnple~enting their CAD system. 
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While CAD will probably have little 
impact on u;Jeru':;" response time, 
through improved call 
prioritization procedures, CAD 
may reduce response time to 
high ;riori~b incidents. 

CAD systems have much potential, 
not yet realized, to improve 
coordination of emergency 
servi ce. 

CAD has strong potential in this 
area. Manag~ment of demand can 
be improved by such features as 
pre-emptive dispatching, 
estimation of the time until an 
officer can respond, etc. 

CAD has strong potential to improve 
management of police resources, 
through better on-line information, 
management reports, and management 
of demand functions. 

CAD may have the potential to 
improve service to the public 
(through reduced response time, 
for example), but actual benefits 
will be hard to attribute 
specifically to CAD. 

Most of the potential for CAD 
transfers lies with the vendors. 
Such vend~r-initiated transfers 
can be expected to grow in the 
future, as vendors gain 
experience in modulized 
hardware and "packaged" 
,0 ft',va re. 
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While most of the input objectives have been met, many CAD 
systems still appear to have certain fundawental flaws in system design. 
~~any of the pol ice CAD systems we have seen lack flexibil ity in the 
dispatcher and complaint clerk operations. Generally, CAD systems tend 
strictly to format and linearize operations which had been relatively 
unformatted and often multiplexed (i .e., carried OU:, sililul ~","'n('')u y) in 
the past. Thus, dispatchers using a CAD system can carry auL. ,-,!liy one 
operation at a time (such as changing unit status, assigning units to an 
incident, deleting an incident, etc.), when under a manual system they 
could carry out several tasks at once. CAD systems also often l~equire that 
information be entered only according to a specific format, sometimes in 
a specific order. More careful attention should be devoted in system 
design to the complexity of the tasks involved and to the human aspects 
of PCCC operations. Input from future system users can be critical to 
successful system design. 

PROCESS OBJECTIVES 

Concerning process objectives, the impact is less clear. CAD has 
clearly provided useful information to dispatchers concel'ning the 
availability of units and the selection of unit(s) for a call for service. 
Also, although CAD has not, in general, influenced the coordination of 
emergency services, there have been a few cases where police departments 
and fire departments have better coordinated their activiti~s through 
a common or related CAD system, and the potential certainly exists for 
better coordination in the future. 

One of the areas of service performartce which has received attention 
in the past is the impact of CAD on response time. In a few cities 
some benefits have been documented. In Phoenix, police officials reported 
that CAD has achieved response tilJle benefits, although they did not specify 
how much (Farmer, 1977); and Huntington Beach, California clalms an average 
response time reduction of 45 seconds per call as a result of CAD (Robitaille, 
1974). A survey conducted in San Diego prior to CAD indicated that the 
emergency telephone sometimes rang as many as 80 or 90 tin~s before it was 
answered. With CAD and a new call distributor system, 90 percent of the 
calls are answered within 2.5 seconds, and operator talk time has been 
reduced to 60 seconds (Hoobler and Fortier, 1975); the report did not 
specify, however, how much the ,1t'.:i'rlt,C response time '1Jas reduced or how much 
of the reductions were due to CAD and how much to the call distributor system. 

In all of these reports it is extremely difficult to ascertain the 
quality of the response time analysis. In many cases, reliable data are 
absent; and estimates, based on only a few weeks worth of data, appear 
to be somewhat subjective. Of 26 cities in our study sample with operational 
CAD systems, 10 felt that CAD has reduced response time, 9 said that it was 
the same, and only 1 (Denver) said that it was longer. (The other 6 did not 
know or did not ans~~r the question.) 

In considering response time, we should mention that it is unclear 
what effect any CAD-related reductions in response time will have on the 
arrest rate, and ultimately, on the actual crime rate. Recent research 
has shown that decreasing response time by, say, one minute may result 
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in very little real impact since citizens often wait a significantly 
longer time before even reporting an incident to the police (Kansas 
City, 1977; Tien et al, 1977). In a study done for the Crime Commission 
in the late 1960's, Isaacs found that a delay in the communications center 
and field travel time resulted in fewer arrests (Presidents Commission on 
Law Enforcement and the Administration of Justice, 1967). He indicated, 
however that faster response time does not necessarily lead to more arrests. 
A later'study by Poe and Calvin found that there was essentially no relation
ship between response time and arrests (reported in Edmonson, 1977). On,the 
other hand, research carried out by' the Seattle Police Department analyz"lng 
1975 and 1976 data on emergency crime-in-progress calls in Seattle found 
that higher arrest rates were associated with lower travel times and ~ower 
total response times (Clawson and Chang, 1977; Tarr, 1978). In the 11ter
ature related to CAD, only in Phoenix did officials claim any link between 
their CAD system and a reduction in crime-related activity such as ar~ests 
or crime rate. In Phoenix, officials pointed to a two percent reductlon 
in the crime rate, but the drop in the crime rate may have also been the 
result of other factors (Farmer, 1977). 

OUTCOME OBJECTIVES 

Concerning the impact of CAD on the management of police demand as 
well as the outcome objectives noted in Exhibit 3.4, the impacts to date 
have been small. While most cities we spoke to on the phone said that 
their CAD system produced management reports and most cities mentioned 
management information as a major benef~t.of CAD! based on.information from 
our site visits it appears that the declsl0ns WhlCh are belng made are 
short-ter, operational or tactical decisions, rather than long-te~m, . 
strategic cisions. In most cities we have seen, the management lnformatlon 
being usee Jpears to be lists of calls for service, lists ~f.calls h~n~led 
by each pa icular patrol unit, and the like. Few.of the cltles w~ vlsl~ed 
were actually using CAD data for more complex studles, such as an lnvestl
gation of response time or an examination.of revised dist~ict/beat co~
figurations. Even in cities such as Huntlngton Beach, wh~ch has a falr~y 
extensive management reporting system, CAD seems to be malnly used to dlspatch, 
to check on the workload handled by particular officers, to research com
plaints, and to provide a base of information for incident reports. In 
other cities, such as Newark and Philadelphia, the CAD management reports 
are not even used. 

In fact, it appears that many computer-based CAD applications have 
to a large extent simply replaced previous manual operations. An over
riding feature of most CAD systems we have seen is that the potential of 
the computer has not been fully utilized; in fact, many CAD systems are 
little more than expensive and fast "electronic conveyor belts." For 
example, the CAD system automatically assigns an incident number and a 
beat number to each call and atuomatically transfers calls from the 
complaint clerk to the dispatcher--all operations carried out under 
manual dispatch systems. However, the computer also has a range of 
other capabilities that have not yet been fully explored in such PCCC 
systems. 
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Use of the computer in such non-routine applications to date has 
been disappointing. Only one city we have visited has attempted to use 
an "intelligent" CAD system.* This city, NevJark, included such features 
in its system as an estimation of the time until a unit will re~pond.to 
a call' a real-time display on the CAD screen of the number of lncomlng 
911 cails; a "flag" to alert the dispatcher if.a call takes longer than a 
specified period of time; and direct computer lnput to the Hypercube ~nd . 
PCAM deployment models. However, due to inadequate numbers of communlcatlons 
personnel and technical problems, many of the advanced ~ystem features are 
not being used. Attitudes toward the system have.deterlorated, and ~he" 
consensus among the communications personnel now lS that the system lS too 
sophisticated." 

In general, designers of PCCC systems often approach the complaint 
processing and dispatch functions as a set procedure that has been 
followed for many years. Whether dealing with an automated or manual 
PCCC system, there is a need for greater attention to.t~e ove~al~ manage
ment of police demand. This includes such items as g:vln~ prlorlty to 
calls for service informing citizens as to how long lt mlght be before 
an officer arrive~ at the scene, "stacking" calls with low priority, 
learning to deal more effectively with citizens' perceptions, etc. The 
potential for such management of demand activities as they relate to PCCC 
is discussed in greater depth in Chapter 4. 

SYSTEMIC OBJECTIVES 

Finally, when it comes to systemic impacts, little infor~ation is 
available. It appears, though, that little transfer of experlence 
occurs between police departments in the CAD area. In our surveys and 
site visits we found that the majority of cities with CAD did not carry 
out any extensive or systematic studies assessing ~, ; feas~bility an~ . 
cost-effectiveness of CAD prior to CAD implementat 1. Whlle most Cltles 
appear to have made some type of in-house feasibillty study prior to CAD, 
only a few (e.g., Huntington Beach, Miami, Boston, and Charlotte) had a 
formal pre-CAD study made. In our sample, representatives !rom most of 
the cities did visit nearby cities with CAD systems to get ldeas before 
implementing their own CAD system. 

Although a number of cities in our sample have ~a~ relatively.few 
problems in implementing CAD, it appears that many cltles have baslcally 
"reinvented the wheel" in creating their CAD systems. In other words, 
they have created systems independently.of o~her cities and have often 
made mistakes which might have been avolded lf they knew of the 
experiences of other cities in designing and im~lementing CAD. For 
example, Detroit installed a Boeing CAD system ln late 1973, but because 
of poor system design, dispatchers had more work than they could handle, 
and the system had to be taken out. The department now uses a skeleton 
version of the nriginal CAD system. It is possible that such problems could 

* Many cities, however, use one or two of the more advanced CAD system 
features. 
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have been avoided had they studied other operationa~ CAD systems in more 
depth bef~re des~gning their ow~ system. There is a strong need for 
more sharlng of ldeas and experlences among cities implementing CAD 
and other automated PCCC systems. 

. There has also been very little direct CAD system transfer among 
pollce.departments. Most cities mentioned that they used some features 
they llked from other systems, but they did not want to transfer an 
~ntire CA~ system beca~se they felt that they needed a system specif
lcally tallored to thelr needs. The one department in our sample that 
has transferred its CAD system is Cl,drlotte, North Carolina. The Charlotte 
~ystem, d~veloped as part of the federally-assisted USAC* project to aid 
ln establlshing integrated municipal information systems has been 
transferred.to a handful of cities, including Minneapolis, Minnesota; 
Tampa, Florlda; Clearwater, Florida; Madison, Wisconsin' and Prince 
William County, Virginia. However, from information we'have gathered 
it is ~till unclear if any of these transfers were successful. Min-' 
neapolls transferre~ the Charlotte system and then attempted to change 
the system to make lt compatible with their own dispatch procedures. 
However, they discovered that despite the changes they made, the Char
lotte CAD system was too slow for their needs, so the project was aban
doned after a year. (In fact, in a site visit to the Charlotte Police 
Department, we found that computer response time in the Charlotte CAD 
system is indeed quite slow.) Minneapolis has since installed a CAD 
system developed specifi ca lly for its own needs by an ous i de vendor. 

Although !ew police agenci~s are directly transferring CAD systems 
from other pollce departments, lt does appear that a fair amount of 
~ransfer is taking place through vendors who modify a system they have 
lnstalled.in one jurisdiction for use in another. In doing this the 
ven~ors, ln general, use.the same basic system from place to place, but 
modlf~ the hardwa~e conflguration, screen formats, and optional features 
to SUlt each partlcular department. This has been borne out in our 
commu~icatio~s with CAD v~ndors. For example, G.E. reported that they 
were lhstalllng a system ln Baltimore County which 'is very similar to 
the system they established in Indianapolis. Joseph Larimore and As
sociates reportedly installed the same system in Cranston, Rhode Island; 
N~rth ~a~ Vegas, Nevada; and Kenosha, Wisconsin; and they are now instal
llng slmllar systems in several other jurisdictions. Motorola established 
one of their earliest CAD systems in Huntington Beach, California (in 
1974), and later established successively modified versions of this 
system in San Diego (1975), Virginia Beach (early 1976), Sunnyvale (late 
1975), and Salt Lake City (1979). 

As time goes on, vendor initiated transfer will most likely continue 
a~d even grow. Whether,it will benefit law enforcement agencies, though, 
wlll depend on the quallty of the vendor-user interactions and the 
specification of adequate performance measures. 

*Urban Information Systems Inter-Agency Committee 
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The nature of the relationship between police departments and 
computer vendors seems to have a strong bearing on the success (or lack 
of success) of any PCCC system. As discussed in the literature, and as 
we found in our site visits, departments with clearly defined, carefully 
specified vendor performance specifications (e.g., San Diego, Huntington 
Beach) generally have more successful PCCC systems than those departments 
with uncertain or ill-defined vendor performance specifications (e.g., 
Denver, Boston). 

The City of Denver has so far spent four years and almost $3 mil.lion 
in trying to create a CAD system, but they do not yet have one that 1S 
operational. Although all dimensions of the imple:nentation problems are not 
clear, the rroblem appears to be linked, at least ~n part, to poor re
lationship~ on the part of the police department w1th the vendor. The 
vendor who had been awarded a contract for the system in late 1975 
left the project in February 1977. The system did not work at that 
point, so the Denver City Data Services took over. More t~an two years 
later, the CAD sysem still does not work. Indepen~ent aud~t?rs who 
investigated the difficulties in Denver were espec1ally crltlcal of the 
system planning and vendor-user interaction. 

On the other hand, San Diego outlined precise specifications re
garding work schedule, functional specifications, deliv~r~ble ha\dware 
and software packages, installation and test plans, tralnlng~ malnten
ance requirements, payments and warranty. Because such deta1led 
specifications existed, the department was able to require satisfactory 
vendor performance. Further, because the contract called for 90 con-. 
secutive days of satisfactory system operation*, ~he vendo~ had t? walt 
an extra six months from the time the system was ln operatlon untll 
final payment was made. 

In stressing performance guidelines it is also important to em
phasize long-range planning. If a department does not con~uct careful 
long-range planning, it may get "locked-in" to a system Wh1~h c~nnot 
adapt to changing conditions. In fact, if long-range pl~nnlng lS over
looked, strict performance standards may even have negatlve consequences 
since they may make it difficult to maintain flexibility for the future. 

CONCLUDING REMARKS 

The implementation of CAD systems, while slower than initially 
expected, has increased rapidly in recent ye~rs, and it appears that 
this growth will continue. It;s there!ore lmportant t~ develop a 
nationwide comparative data base regardlng t~e u~e and lmp~ct of CAD 
systems. At present such a base of informat1on lS not avallable, and to 

*Satisfactory was defined as system performance according to agreed
on specifications for 95 percent of the time. 
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message capability 

--status-only 
--full-text 
--full-text plus automatic data base query 

terminal display 

--light-emitting diode (LED) 
--cathode ray tube (CRT) 
--hard copy printer 

transmission fLexibility 

--mobile unit only 
--mobile unit plus out-of-car digital 

transmission capability 

radio ohannel assignment 

--separate MOC channel 
--combined channel (MOC plus voice) 

oommunication mode 

--simplex (if any patrol unit or base sta~ion 
is transmitting, no one else can transmlt) 

--half duplex (frequency band is div~ded ~nto two-
base station can transmit and recelve slmultan
p.ously, but patrol units operate in simplex mode) 

--full duplex (two frequencies are used--base 
station and patrol units can transmit and receive 
simultaneously) 

The simplest type of MOC is a status-only system. In such a,system 
the mobile digital terminals (MOTs) in the patrol cars have functlon 
buttons which send "canned" status messages to the dispatcher. Status
only systems can be either one-way (allowing communic~tions only from 
the patrol car to the dispatcher) or two-wa~. ,Such slmple MOC ~ystems 
do not require a minicomputer. A more sophlstlcated type o~ MOe allow~ 
for full text transmission between the patrol car and the dlspatcher; ln 
such a system the MOTs have function buttons (lik~ those of the s~at~s
only system) plus full alphanumeric keyboards~ WhlCh allo~ transmlSSlon 
of any message which could be typed on an ordlnary typ~wrlter. The next 
level of digitization allows for direct data base quer~es from patrol 
cars; officers can search law enforcement data bases wlthout relay through 
the dispatcher or an information operator by typing information requests 
directly into their MOTs. 

Level of Digitiution 

Status Only 

One,way 

Two-way 

Full Text Plus Status 

Direct Data Base Query 
Capability 

Computer·Aided 
Dl$patctllng 

Automated Dllta Collection 
Ind Report Generation 

Exhibit 3.5 

Moe: Possible System Features 

DHCI'iption 

Mobile unit can report status by pressing a Single 
key (m mobile unit console, Dispatcher's 
conwle maintaIns Indication of last status trans
mlUlon. All messages from base station are by 
VOIce. 

As above, plus comparable capability lor base 
statIon to transmit status or other "canned" 
messages (primarily acknowledgments) to 
mobile unItS by a SIngle conwle key. Mobile 
unit displays messages as lights (no text) or 
numbers. 

As In two-way status above, plus a full alpha
numeriC keyboard and display !luminous and/or 
printer) In mobile unit plus function keys for 
status and other "canned" messages. 

Mobile unit can make data base queries directly 
of local, state, and nallonal data bases without 
relay through dispatcher. 

Computer performs computations to help 
dispatcher locate nearest available unit or units 
to assign to a given incident. Verifi~ jurisdic
tional boundaries, valId address, prior complainu, 
Ind possible dangerous condition. 

Computer logs all messages or selected types and 
automatiCBlly generates reports of traHic by 
me1Mge type, CIIr, time of day, or other break· 
downs. Officer reports can be entered through 
mobile terminals, end used as part of Field Officer 
Daily Report although this can increase traHk 
lignificmtly. 

Comments 

Minimum hardware in mobile unit and 
minimum expense; useful in reducing 
channel congestion where there Ire many 
cars per channel, since status reports 
comtltute a significant portion of traffiC. 

Advantages as above, plus saves 
Slgn\licant amounts of dispatcher time 
used to acknowledge status messages. 
Lack of an acknowledgment capability by 
either mobile or base unit is generally not 
acceptable. 

Requires II telecommunication~ controller 
at the base station. Reduces d,spatcher 
workload significantly and further reduces 
channel congestion over status-<lnly 
capability. 

Requir~ additional hardware (modems to 
interface with remote data base lin~) and 
additional switching software for mini· 
computer. Dispatcher control and/or 
monitoring can be provided. 

Can be added to any system with I computer, 
requiring primarily additional software. Can 
be provided with any level of dispatcher 
control. May require larger computer and 
more peripherals. 

Requires additional software. UsefUl capa· 
bility to monitor system performDnC'! and 
usage, trends in mHSage traffic, etc .• May 
require larger computer and more 
peripherals. 

Source: [Sohn et a1, 1975 (b), p. 5J 
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Despite the fact that military applications of MDC have been on-
going for many years, its introduction into police departments dates 
only to the early 1970 1 s. We have identified 30 cities currently using 
MDC, and another 5 cities which are implementing this technology. (Details 
are in Appendix B.) Fifteen of the 36 jurisdictions in our study sample 
have operational MDC systems, 2 others are implementing MDC, and 4 juris
dictions have tested MDC and abandoned it. Basic statistics relating to these 
systems are shown in Exhibit 3.6. 

The cost of mobile digital terminals appears to range from $3,200 to 
approximately $5,000 per unit, with the average approximately $4,500 per 
unit. Because the cost of an MDC system is unit-based, total MDC system 
cost for any jurisdiction naturally depends on the size of the jurisdiction 
and on the fraction of the patrol vehicles equipped with MDC. Some cities 
have reported that MDC maintenance costs are fairly large compared to the initial 
installation cost. For example, Oakland purchased its 32-unit MDC system for 
$149,980 with an associated yearly maintenance cost of $49,815 or about one
third of the initial purchase price. This is indeed a very high maintenance 
cost; it should hopefully decrease as MDC technology is further tested and 
developed. Despite the relatively high cost of purchase and maintenance, 
however, Oakland felt that it was cost-effective to have an MDC system. 

As in the case of CAD, MDC applications vary significantly among cities; 
some cities, such as St. Louis and Dallas, use 10-code status-only terminals 
as a part of a larger AVM system; other cities, such as Albany, use MOTs with 
teleprinters as a one-way dispatching system; Chicago and Detroit, for example, 
use MDC exclusively for data base inquiries; and still other cities, such as 
Las Vegas, have full-text terminals with teleprinters, direct data base query 
capability, and digitized dispatch capability. The types of systems in use 
in the various jurisdictions in our study sample are also noted in Exhibit 3.6. 

From our surveys it seems that variation in the use of MDC depends 
primarily on the needs of a particular department, the PCCC system capabil
ities, and the overall philosophy of the department towards MDC (and 
PCCC-related technology). For example, status reporting and dispatching 
capabilities may not be used in cities which do not have CAD or AVM. 
Likewise, highly automated systems may not be used in cities which are 
somewhat resistant to new technologies. The use of MDC in any city also 
relates closely to the perceived benefits and problems of MDC in that 
city (which ~Jill be discussed below). 

As mentioned earlier, the trend has been for police departments to 
install CAD before MDC or AVM; currently, there are only 30 operationa,l MDC 
systems and 65 operational CAD systems. Furthermore, three-fourths of the 
MDC applications are in cities which have CAD systems. 

3.2.2 OBJECTIVES AND IMPACTS 

It appears from the PCCC-related literature that few evaluations of 
MDC have been performed. However, there have been several studies 

40 

Exhibit 3.6 

MOC-Related Statistics 
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assessing the potential of MDC in law enforcement (Tel com, 1969; Urban 
Sciences, 1973; Sohn et al, 1975 [b]), as well as somewhat formal evalu
ation studies of three test systems (Oakland Police Department, 1975; 
Hennepin County Sheriff1s Department, 1975; Minneapolis Police Depart
ment, 1975). The findings of these studies, along with information from 
our surveys and site visits, are reviewed in the following subsections. 

STATED OBJECTIVES 

Congestion of police radio frequencies has been a primary reason 
for the adoption of MDC in police operations. In fact, the National 
Advisory Commission on Criminal Justice Standards and Goals (1973, p. 
566) predicted that MDC could reduce frequency congestion by 40 to 50 
percent. A second major reason for the interest in digital communi
cations is that many law enforcement data bases are now computerized, 
and a patrol unit equipped with digital communication can automatically 
access these data bases if a suitable switching device (i.e., a mini
computer) is provided at the base station. Furthermore, easier data 
base access would in turn contribute to enhanced officer safety as well 
as increased IIhitli rates. 

A complete list of MDC objectives as identified in the literature 
is contained in Exhibit 3.7. A review of the objectives shows that 
MDC supports both the status monitoring and response/adjustment functions 
of PCCC. However, in actual practice, all implemented MDC systems 
have status monitoring potential, while only a few are capable of effecting 
the more general response/adjustment function, including for example, 
the direct dispatch of patrol units using only digitally transmitted 
instructions. 

MDC IMPACTS 

Overall, the response to MDC in different cities has been mixed. 
As mentioned earlier, a number of jurisdictions have tested MOC and 
abandoned it. Furthermore, in some cities with operational MDC systems, 
the terminals are used only by some of the patrol officers and in some 
cases all of the system capabilities are not being used. 

Primary MDC uses include data base access, status reporting, and 
dispatching--and MDC success for each of these purposes differs. MDC 
seems to be best accepted when used for automated data base access, 
since it significantly decreases the amount of time needed to query a 
remote data base, and in tests in some cities has led to substantial 
increases in arrest rates. However, while MDC may increase officer 
effectiveness, it may also decrease officer efficiency since officers 
spend more of their time making data checks. MDC has met with mixed 
success when used for status reporting: in a number of cities we have 
visited (such as Newark, Oakland, and St. Louis) the status reporting 
capabilities, though operational, are not used or are only partially 
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Exhibit 3.7 

MDC: Stated Objectives 

To reduce voice congestion and expand the communications capability of 
existing radio channels -- using digital signals which have a higher 
transmission rate than voice signals. 

To increase officer effectiveness -- through easier access to remote 
data files, which could potentially result in more "hits" (i.e., 
apprehensions and recoveries). 

To increase dispatcher effectiveness -- by relieving the dispatcher of 
routine data inquiries, patrol status updates, message repetitions, 
and/or dispatches of some (non-critical) calls for service. 

To increase officer safety -- through easier data base access, increased 
communications capability, and an "Emergency" button on MDT units. 

To improve message security -- using digital signals which are more 
difficult to decipher than voice messaJes. 

To improve accuracy and decrease message repetition 
digital terminals which can provide hard copies. 

us i n g mo bile 

To allow selective routing of messages -- using terminals which can be 
addressed either collectively or individually, on an lias need to know" 
basis. 

To allow unattended message reception -- using terminals which can record 
messages while the officer is out of his vehicle. 
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used. For dispatching, MOC systems have also met with mixed success: 
some cities, such as Albany, use CAD for a large fraction of the total 
dispatches; others, such as Oakland, have experimented with MOC for 
dispatching and abandoned it. In many cities, patrol officers object to 
MOC for dispatching because they want to hear what other officers on the 
street are doing. Most of the problems with using MOC for status 
reporting and dispatching appear to be personnel-related. These prob
lems highlight the importance--as also found with the other PCCC tech
nologies--of behavioral and institutional factors in successful PCCC 
applications. 

Exhibit 3.8 summarizes the results of the avai1able MOC evaluations, 
and Exhibit 3.9 reviews the actual and potential impact of MOC for each 
of the stated objectives. As with CAD, it seems from our literature search, 
site visits, and surveys that the input objectives for MOC have generally 
been met. In the 30 jurisdictions with operational MOC systems, the systems 
are working from a technical perspective, although only a limited amount 
of evaluation data is available. 

When process and outcome objectives are considered, the results 
are more mixed. A major objective of many police departments in 
MOC implementation has been reduced voice-band congestion. However, 
although digital transmission may be faster than voice transmission, it 
seems from the available literature and from our surveys and site visits 
thatMOC has not reduced radio air congestion per se. The three avail-
able evaluation studies found that (1) quicker and easier access to 
remote data bases significantly increased the level of data inquiries, 
and (2) the channel time made available by the digitization of some 
voice messages was taken over by voice messages which previously could 
not be transmitted due to excessive channel congestion. In many cities, 
it appears that what has actually occurred is not a reduction in voice 
congestion, but instead an increase in the total level of communication 
and in the quality of the voice communication. This was the case, for 
example, in Huntington Beach and St. Louis. In St. Louis, there is 
still a fair amount of voice congesticn, but the actual amount of total 
communication (voice and digital) has increased greatly and the infor
mation which is being ha~dled by voice is more important dispatch 
information '(rather than status information). In Huntington Beach, 
administrative messages and routine dispatch information are transmitted 
through MOC, thus removing the pressure for these kinds of messages from 
the voice channel. While there is still approximately the same amount of 
traffic on the voice channels as before, the content of the information 
being transmitted is more important. Thus, while reduced air congestion may 
not be a realistic objective for MOC systems, increased air communications 
can be a valid MOC objective. 

Another interesting finding in Exhibit 3.9 concerns officer 
effectiveness. Oakland (1975) found that their MOC-equipped patrol units 
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Exhibit 3.8 

MOC: Reported Findings 

• Ratio of a message's voice to digital air time l
: 

--Sohn et al. [1975(b)J estimated the ratio to be between 5 and 10. 

--Minneapolis [1975J found that it took an average of 175 seconds to make 
a voice inquiry to a remote data base (via dispatcher) and 17 secol~ds 
using MOC, yielding a ratio of 10.4. 

--Hennepin County [1975] calculated an average air time for voice and 
di9ital messages of 107.4 and 23.2 seconds, respectively, yielding a 
ratio of 4.6. 

--Oakland [1975] found the ratio to range from 3 (for a stolen vehicle 
check) to 6 (for a registered owner check). 

• Ratio of number of remote data base inquiries made under MOe to that 
prior to MOC 2: 

--Minneapolis [1975] found the ratio to be 15.5. 

--Hennepin County [1975] found the ratio to be 1.8. 

--Oakland [1975] did not identify such a ratio, but instead found a ratio 
of 5.7 when comparin9 the average number of inquiries made by MOC
equipped patrol units to those without MOC equipment. 

• No evaluation study measured radio channel utilization, but all 3 studies 
indicated that no air time was saved because: i) the number of remote 
data base inquiries increased significantly; and ii) the extra channel 
time created by conversion to digital communications was immediately 
replaced by those voice messages which could not be transmitted before 
because of frequency congestion. 

• Oakland [1975] found that MOC-equipped patrol units averaged 14.5 times as 
much "possible hit" information as non MOC-equipped units, which resulted 
in 2.8 times as many actual warrant arrests and vehicle recoveries. 

• All 3 sites (Hennepin County, Minneapolis, and Oakland) conducted 
questionnaire surveys of officers and dispatchers and found strong support 
for their MOC systems. 

No evaluation study measured impact of MOC on dispatcher workload. 

• Oakland [1975] found that potentiaZZy 45% of all calls for service could 
be digitally dispatched -- however, during a 2·week special effort test, 
only 16% of all calls were digitally dispatched. 

No evaluation study measured the impact of canned digital messages on 
attracting the dispatcher's attention on an immediate or pre-emptive 
basis, although St. Louis, Missouri, has reported verbally that this has 
had an important impact. 

lThis ratio is a function of: a) the type of message being transmitted; and b) the digital 
transmission rate, which can range from 50 to 700 characters per second, with an average of 
150 characters per second. 
21n comparing t.hese ratios, it should be kept in mind that both Minneapolis and Oakland had 
fully automated access to remote data bases, while Hennepin County's access was only partly 
automated (inquiries were sent through the dispatcher and only responses were sent through 
MOC) . 
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Exhibit 3.8 

(Page 2 of 2) 

No study measured the degree of increased officer safety, but all 1 studies 
stated that the avaiZabiZity of a digital link to summon help contributed 
to the officers' sense of safety. 

None of the studies measured the impact of improved message security. 
Hennepin County [1'975], however, suggested that MOC could help prevent 
media representatives and members of the public from showing up at the 
scene of in-progress crimes. 

No evaluation study measured the degree to which message accuracy had 
improved, if at all.' Hennepin County [1975] noted that there was less 
need for message repetition. 

~Ione of the studies measured the degl'ee and/or impact of sel ective routing. 

No evaluation study measured the degree and/or impact of unattended 
message reception. Minneapolis [1975] indicated that this feature was 
liked by the patrol officers. 

3It should be notEd that all 3 sites (Hennepin County, Minn,eapolis, and Oakland) were 
using CRT terminal~ in their tests -- no hard copy terminals were tested. 
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message reception 

-Improve message security 

·Facilitate access to 
remote data files 

PROCESS OBJECTIVES 

·Reduce voice-band 
congestion 

·Increase dispatcher 
effecti veness 

·Improve accuracy and 
decrease message 
repetition 

OUTCOME OBJECTIVES 

'Increase officer 
effectiveness 

·Improve officer 
sa fety 

SYSTEMIC OBJECTIVES 

·Avoid encroaching 
upon citizen privacy 

Exhi bit 3.9 

MDe Impacts 

Actua 1 Impact 

·This objective will automatic
ally be achieved if the MOC 
system has selective routing 
capabilities. 

'This objective will automatic
ally be achieved if the terminals 
include teleprinters. 

-No formal evaluation has meas
ured the impact of MOC on mes
sage security, but it seems that 
r~oc by its very nature will im
prove message security. 

-MOC systems which include ter
minals with remote data base 
access greatly facilitate data 
base access. 

·The three available MOC evalu
ations indicate that no air 
time was saved because: i) the 
number of remote data base in
quiries increased greatly; and 
ii) the extra air time was taken 
up by messages which could not 
be transmitted previously. 

-Little evaluative information 
is available. 

-Little evaluative information 
is available. 

-Oakland found that officers in 
MOC-equipped units averaged 2.B 
times as many arrests as offi
cel'S without MOC, but those of
fi cers ~Iere found to be 1 ess 
efficient. Little other data 
is available. 

-No formal evaluation results 
are available, but the three 
available MOC studies all stated 
that MOC contributed to the 
officers' sense of safety. 

·Little evaluative information 
i:, available. 
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Potential Impact 

-MOC may achieve improved arrest 
rates for outstanding warrants, 
although it may also have an 
impact on the nature of police 
work (e.g., amount of time spent 
on file checks). 

-Rather than reduced voice-band 
congestion, it appears that a 
w~re realistic MOC objective is 
increased communications. 

·MOC has potential for improving 
di spatcher effecti veness. Fea
tures s·.~ch as automatic status 
updating and automatic data base 
access may relieve the di3-
patcher for other tasks. 

-MOC has potential for improving 
accuracy and decreasing message 
repetition, especially if the 
system includes teleprinters. 

'MOC has potential to increase 
c:ficer effectiveness, but it 
is importcnt to realize that 
putting a terminal in the pat
rol car may eventuaily result 
in a significant change in 
police work. 

-MOC has potential to improve 
officer safety if the terminals 
include an "Emergency" status 
button. 

'MOC provides easier access to 
law enforcement and related data 
files. Important questions re
main ~oncerning the impact of 
the increased information on 
citi zen pri vacy. 
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accessed an average of 14.5 times more "possible hit" information than their 
non-MOC-~quipped units, but made only 2.8 times as many warrant-related 
arrests and vehicle recoveries. Consequently, although the total number 
of "hits" and arrests on a per request basis was higher, the MOC-equipped 
units were tess efficient than their counterparts, since they have a 
lower ratio of "hits" to requests.* 

There are also a number of potential problems associated with MOC 
use. Cities mentioned maintenance cost, improper use by officers, 
and "bulk" in the patrol vehicle as disadvantages of MOC. Maintenance 
cost and terminal size relate directly to the newness of the te:hnology; 
as the technology becomes better established, these problems should improve. 
Improper use of the MOC, on the other hand, is a training and behavioral 
problem which is directly parallel to problems we have found in other 
PCCC application areas. 

Finally, important questions remain concerning the impact of increased 
access to information on citizen privacy. MOC may eventually change police 
patrol operations significantly. As one observer noted about the "MOC 
approach which encourages mass data checks rather than the selective use 
of data base inquiries" in conducting field work: 

"Ilm a bit old fashioned, perhaps, but I fail to see the cost
effectiveness of police field units running inquiries en masse on 
everyone they contact, license plates in parking lots, etc. It 
rubs against my grain in terms of privacy and intelligent use of 
field p[trol time. An examination of this issue may indicate a lack 
of planning in MOC systems and acquiescence of police administrators 
who donlt realize the change in philosophy they are embarking upon when 
they stick a computer terminal in the front seat of a patrol car." 

CONCLUOING REMARKS 

In conclusion, several points can be made regarding the use and 
impact of MOC. First, although digital transmission may be much faster 
than voice transmission, it appears that MOe does not reduce radio air 
time, but does allow for increased air communications. Therefore, 
although reduced channel congestion is not a realistic objective for MOC 
systems, increased air communications can be a valid MOC objective. 

Finally, as with other PCCC technologies, very few evaluations of 
MOC systems have been performed; those that have been identified and 

* The MOC equipped units had 14.5 times as many requests, but only 2.8 times 
as many hits, so they were 2.8/14.5 or approximately one-fifth as efficient 
as the non-MOC-equipped units. 

reviewed in this section are lacking in many respects. All three studies 
leave a number of unanswered questions regarding many of the stated MOC 
objectives, including the impact of MOC orl dispatcher efficiency, officer 
safety, message security, and message accuracy. Furthermore, all three 
studies base their conclusions on small samples of data--sometimes less 
than a weekls worth of data. To a certain extent they also lack objec
tivity; all three studies were conducted by police department personnel 
who were closely associated with the implementation of their respective 
MOC system. Final conclusions are not available as to whether MOC will 
actually reduce voice congestion, whether officers are more or less pro
ductive with MOC, or whether MOC serves to increase officer safety. MOC 
systems around the country will undoubtedly expand over time; hopefully 
such issues concerning the outcome and systemic impacts will also be 
addressed as the use of the technology grows. 

3.3 AUTOMATIC VEHICLE MONITORING (AV~1) 

3.3.1 STATE OF THE ART OF AVM 

An AVM system provides a police dispatcher with real time location 
estimates of each vehicle in a fleet and provides additional vehicle 
status information (e.g., "in pursuit," "enroute to scene," "driver door 
opened,1I etc.). However, an automatic vehicle location (AVL) system 
provides only location estimates without additional status information. 
Although a distinction can be made between AVM and AVL, our study deals 
primarily with AVM systems. An AVM system is uSJally linked to a CAO 
system as a part of an overall computerized dispatch operation. 

Oifferent methods have been developed for locating vehicles as a 
part of an AVM system, and a number of references compare and contrast 
these methods, reviewing the advantages and disadvantages of each; 
[G. Larson, 1976; G. Larson and Simon, 1978; Hansen and Leflang, 1976; 
Ooering, 1974; Mitre, ~973; Aerospace Corporation, 1976J. Four methods 
are generally discussed. 

Navigation (hyperbolic) systems. The principal 
navigation type AVM application is Loran C, which 
has been used for nearly twenty years in the 
navigation of ships at sea. Utilizing radio 
location techniques, shifts in location with the 
Loran C system are identified by the arrival time 
of patterns of pulses emitted from various 
transmitters. The intersection of two hyper
bolas defines the vehicle location. 
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TriZateration systems. Such systems also utilize 
radio location techniques. Three or more fixed 
sites are used to determine the vehicle distance 
from each of the sites by measuring the radio 
signal travel time. Fixed receivers relay the 
signals to a headquarters location where the 
computer locates the vehicle. 

Signpost/proximity systems. With this technique, 
electronic signposts are positioned in fixed 
locations throughout an area, and a vehicle is 
located when it comes within the proximity of 
a signpost. Signposts can be either receivers or, 
in most cases, transmitters. A number of different 
types of transmitters have been developed, including 
radio signposts, magnetic signposts, and micro-
wave signposts. 

:Jead-re:JKoning systems. With computer-aided 
dead-reckoning, the vehicle starting position is 
established, then instruments are used to track 
the vehicle's location using data on speed and 
direction. The computer then translates the 
vehicle's position to a specific location on the 
"city map" util i zi ng an advanced geocodi ng system. 

AVM for urban applications is a relatively new technology. The 
development of commercial AVM systems was not begun until the late 
1960s, and only 5 cities have installed police AVM systems since then. 
Furthermore, o~ly three of these systems are still operational; these 
three (St. LOU1S, Dallas, and Huntington Beach) were included in our 
study sample. Each of the five police AVM applications is discussed 
below. 

. The first.system established was in Montclair, California, a city 
wlth a populatlon of approximately 30,000 people. Montclair utilized a 
~ignp~s~ tr~nsmitter system where the transmitter radiated the signpost 
ldentlflcatlon to the vehicle and the vehicle in turn transmitted the 
identification to he~dquarters. The Montclair project began in the early 
19705 and an evaluatlon was completed in 1974 [Montclair Police Depart
ment, 1974J. However, the system is no longer in operation due in 
large part to operational problems. ' 

In 1975-76 Huntington Beach, California, a city with a population 
of about 150,000 people, installed a proximity signpost AVM system 
along with CAD. This system is not currently operating because of 
problems with the interface between the CAD and AVM systems, but should 
become operational again in 1981. 

The first full-scale implementation of an AVM system in a major 
urban police department occurred in the St. Louis Police Department in 
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the mid-1970s. Utilizing a computer-aided dead-reckoning system, the 
St. Louis AVM system was established on an experimental basis in one 
police district in 1976 (Phase r), and then was implemented citywide 
(Phase II) in 1977. Evaluations were conducted of both the Phase I and 
Phase II efforts [R. Larson et a1, 1976; G. Larson and Simon, 1978J. 

Dallas has AVM in one of its five police districts. The system is 
a Hazeltine pulse tri1ateration system which was implemented in 1977 
with potential for expansion to the rest of the city. While the system 
implementation was initially very smooth, the system developed a number 
of technical problems (for example, the equipment in the patrol cars 
overheats in the summer). The Dallas Police Department is still uncer
tain as to when or if they will expand AVM to the rest of the city. 

AVM has also been discussed and tried in a few other cities. 
Stamford, Connecticut, established a signpost system where the signpost 
served as a receiver to pick up the identification of the vehicle and 
relay this identification to headquarters. However, the Stamford system 
has experienced a number of difficulties and is no longer in operation. 
Orlando, Florida, also considered establishing an AVM system [Doering, 
1974J. 

3.3.2 OBJECTIVES AND IMPACTS 

When the potential police uses of AVM systems were first highlighted 
by the President's Commission on Law Enforcement and Administration of 
Justice [1976J, studies at that time suggested that such " Jstems might 
achieve cost-effective reductions in police response ti~ Others 
hypothesized that AVM would improve apprehension rates and would thus 
serve as a deterrent to crime. The following sections will consider these 
stated objectives and the reported results of such AVM systems. 

STATED OBJECTIVES 

The primary objectives of AVM, as outlined in the literature and 
summarized in Exhibit 3.10, relate mainly to the status monitol'illQ 
function of PCCC. For example, the primary focus of much of the' early 
AVM-related literature is on response time reduction, both in terms of 
reduced dispatch time (because the AVM system would continually monitor 
vehicle status and location, thereby allowing the dispatcher to make 
more rapid dispatch decisions) and reduced travel time (because the 
closest car would be assigned to the incident) [Hansen and Lefland, 
1976; Aerospace Corporation, 1976J. Other studies further hypothesize 
that reduced response time could increase apprehension races [Riter, 
1972J. A thi rd an,ti ci pated benefit ; s that of improved offi cer safety, 
since an officer in an emergency situation could simply push a button 
and the precise location of his vehicle would be known to the communica
tions center. 
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Exhibit 3.10 

AVM: Stated Objectives 

· To reduce response time -- through reductions in dispatch and 
travel times. 

To increase apprehension rates -- through reduced response time. 

To improve officer safety -- by continually monitoring the status 
and location of police vehicles. 

· To improve dispatch efficiency and coordination by providing 
the dispatcher with precise data on unit status and location. 

· To improve tactical command and control -- through on-line direction 
of such special tactical events as high speed chases, bank 
robberies, emergency deployment, and support for covert 
operations. 

· To improve patrol efficiency and effectiveness -- through the 
availability of diT'ect information regarding the location and 
allocation of the patrol force, ar.d through the indiT'ect 
realization of patrol officers that they are being monitored. 

· To improve supervision of the patrol force -- through better on-line 
supervision of officers in the field and through the use of the 
management information generated from the AVM system. 

· To reduce voice-band congestion -- when linked with some type of 
mobile digital communications (MOe). 
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Several AVM objectives also relate to the T'esponse/adjustment 
function of PCCC. These include hoped-for improvements in dispatch 
efficiency and coordination, and improved tactical command and control. 
The basic expectation regarding these objectives is that better data 
concerning status and location will allow "or improvements in deter
mining the appropriate response to an incia~nt and in coordinating the 
activities of the police force [R. Larson et al, 1976; McLean, 1974J. 
For example, with an AVM system, the dispatcher and/or communications 
supervisor would be able to directly supervise the movements in a high 
speed chase or a bank robbery using real-time location information. 

AVM objectives also may relate to T'eSOUT'ce management through 
potential improvements in patrol efficiency and effectiveness, and 
through improved supervision of the patrol force. However, many of the 
benefits related to these objectives are subjective and thus are dif
ficult to measure. 

The final AVM objective relates to reducing voice-band congestion 
and improving police communications. This objective ma_y be possible 
when AVM is linked with some type of mobile digital communication (MOC) 
system. Although AVM-related, such an objective is not limited to AVM 
systems, but also relates to other PCCC applications. 

AVf1 IMPACTS 

It apDears that most of the potential benefits of AVM have yet to 
be realized. This is illustrated by a review of Exhibit 3.11 which 
outlines AVM impacts for each of the AVM objectives. Even the input 
objectives of AVM have met with only mixed success because of technical 
and behavioral problems; and when it comes to process and outcome ob
jectives, the results are very uncertain. 

The first objective, that of monitoT'ing patT'oZ officeT' Zocatians 
with a predetermined level of accurac~ has met with mixed results 
because of system performance and re 1 i abi 1 ity diff-i cul ti es in the 
implemented AVM systems. In Montclair, overall reliability was 
estimated in the 80 percent range, with the mobile unit transceiver 
presenting the lowest level of reliability. Such operational problems 
no doubt influenced officer attitudes towards AVM, and the system in 
Montclair is no longer in operation. In St. Louis the gredtest dif
ficulty has been "lost cars." During a Phase I test period, cars had to 
be relocated or "reinitialized" at u rate of 11 cars per day (i .e., an 
average of 2.2 hours between losses). 

Regarding improvements in voiceband congestion, positive results 
were reported in St. Louis. However, the primary benefits appear to 
come not from a reduction in voiceband congestion per se, but from the 
fact that digital communication offers the officer instant access to the 
communications center. In Montclair, a digital transmission was not 
seen as a particular advantage to the field off-icer since the communi-
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INPUT OBJECT! VES 

·Monitor patrol officer 
locations with prede
termined accuracy 

PROCESS OBJECTIVES 

'Reduce voice-band 
congestion 

·Reduce emergency 
response times 

·Improve dispatch 
efficiency and coor
dination 

·Improve sJpervision of 
the pa tro 1 force 

·Improve tactical 
command and control 

OUTCOME OBJECTIVES 

'Increase apprehension 
rates 

·Improve officer 
safety 

·Improve patrol 
efficiency and 
effect i venes s 

SYSTEMIC OBJECTIVES 

None. 

Exhi bit 3.11 

AVM Impacts 

Actua'l Impact 

·Results to date have been mixed 
due to technical problems. 

'A study in St. Louis sho~led 
that no air time was saved be
cause the extra air time was 
taken up by messages which 
coul d not be transmit ted before 
because of congestion. 

·Data from the St. Louis and Hun
tington Beach AVM systems indi
cate no significant improve
ments in response time. Mont
clair noted some response time 
benefits, but thi s was based on 
a relatively small data sample. 

·Little evaluative information 
is available. 

'When AVM is working properly, 
both communications personnel 
and police supervi~ors have 
greater supervision of the 
pa tro 1 force. 

·Little evaluative information 
is available, but there are a 
few cases of success in high 
speed chases, etc. 

-Little evaluative information 
is ,wailable. 

·Little evaluative information 
is available, but in St. Louis 
many officers lacked confidence 
in the officer safety aspects 
of the AVM system due to poor 
accuracy. 

·Little evaluative information 
is available. 
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Potential Impact 

·If technical problems can be 
resolved, AVM has strong po
tential to achieve this objec
ti ve. 

·Rather than reduced congestion, 
it appears that a more realistir. 
objective is increased communi
cations. 

':(eductior~ in a:Je1':J.gc response 
time do not dPpear to be a pri
mary benefit of AVr~. but it may 
be possible to Significantly re
duce response time to high [1'-:.
ority incidents through prior
itization. 

·AVM has the greatest potential 
for improving dispatch effi
ciency and coordination when 
linked with a CAD system. 

·In terms of patrol force super
viSion, AVM has stron~ potential 
for both good and abuse; actual 
impact will depend on the abil
ity of the department to use 
the information Wisely. 

·Avr~ has strong potential in 
thi 5 a rea. 

'If AVM reduces response time, 
especially to high priority 
incidents, it is possible that 
apprehension rates would in
crease, but the link between 
response time and apprehension 
rates is still uncertain. 

'Avr~ has potential for improving 
officer safety, assuming it is 
working properly, since officers' 
locations are automatically 
known to the communicdtions 
center. 

·While AVM seems to have poten
tial to improve patrol effi
ciency and effectiveness, such 
benefits must still be demon
strated and will be difficult 
to pinpoint. 

cation environment prior to AVM was relatively uncongested because of 
the small size of the department. 

Of all the PCCC-related technologies, AVM initially placed the 
greatest emphasis on response time reduction as a potential benefit. 
However, it appears that very few improvements have been achi~ved. In 
St. Louis a careful evaluation of before-and-after response t1me was 
carried out, but in both Phases I and II no significant improvements in 
travel time due to AVM occurred. There were modest travel time im
provements during Phase I; but at the end of the Phase II citywide 
implementation, it appears that response time on the whole was somewhat 
longer. (There were many factors other than AVM, such as les~ experi-. 
enced dispatchers, which probably accounted for most of the 1ncrease 1n 
response time.) In any case, contrary to earlier expectations, response 
time reductions do not appear to be a primary benefit of AVM. 

Similar conclusions regarding response time were also reached in 
Huntington Beach. A sampling of response time data before and after the 
installation of the AVM system was made for both i'dispatcher processing 
time" and "travel time." Data were taken for operations over two one
month periods, one year apart, in order to minimize the effect of 
seasonal variations in patrol activity. Based on the study, "no sig
nificant change was found in response time before and after the 
installation of the AVM systems" [Reichardt, 1977J.* In Montclair, some 
response time benefits were noted in 1974 .. Howev~r, the e~aluation was. 
based on a relatively small sample. Also, 1n a C1ty the Slze of Montcla1r, 
response time does not appear to be a.signif~cant difficulty, a~d, 
according to McLean [1974J, the benef1ts of 1mproved response t1me seem 
minimal when compar2d to the cost. 

As mentioned during our CAD analysis, recent studies have also raised 
questions as to what effect, if any, reductions in response time will have 
on apprehension rates~ since citizen reporting delays are often quite long. 

Results concerning ,)j'j'i,]c!' caft'ty have also been disappointing so 
far. Poor accuracy was the major contributor to the loss of confidence 
in St. Louis, and in times of emergency officers now prefer to use the 
voice radio in combination with an AVM-related emergency button. Officer 
safety is still a potential benefit of AVM, but in St. Louis the impres
sions of the past several years must be modified if attitudes are to 
change. 

Pp.rhaps the greatest potential benefits of AVM relate to possible 
improvements in IJcJ.'Z:,>" .. ~uperv·i.8()l'y eapalrilitie11 and improvements in 
po7i,>c Pl'oJu,'t.iV[t-;i. In the area of patrol force supervision, AVM can 
be a powerful tool, but it has strong potential for both beneficial 

* It is important to keep in mind that potential response time reductions 
may be limited by a requirement that patrol cars stay in or close to 
their assigned beats. 
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effects and abuse. Related to this capability are a number of attitudinal 
problems, as reported in the available evaluations and confirmed in our 
site visits; the officers on the street feel that AVM may be used as a "Big 
Brother." (There was one instance in Huntington Beach where an officer 
received disciplinary action when his sergeant, using their AVL system, 
discover'ed him at an unauthorized location.) Although a number of officers 
still think AVM is a good idea, many are fearful that the system will be 
used primarily as a disciplinary tool. 

Regarding police productivity, little evaluative information is 
available, although the St. Louis study concluded that "reasonable 
levels" of productivity improvement could bring a very attractive return 
on investment. [G. Larson and Simon, 1978J However, the key is to 
establish a link between AVM and such returns. 

CONCLUDING REMARKS 

Relatively few AVM systems have been established throughout the 
country, and evaluations have been conducted in only two cities. These 
studies have focused primarily on input and process measures, and 
broader evaluations concerning the outcome and systemic impacts remain 
to be done. Still, it is possible to make a number of conclusions based 
on the evalu1tion efforts to date and based on PSE1s survey and site 
visits. 

First, there is a close tie between the technical performance of a 
system such as AVM and the overall results and attitudes concerning the 
system. St. Louis, Huntington Beach, and Dallas have all experienced a 
number of technical and operational difficulties, and these difficulties 
have led to a decline in officer attitudes toward the system. Such a 
tie highlights the necessity of outlining clear performance specifica
tions prior to implementing such technological innovations. 

Second, the expected benefits regarding response time have not been 
achieved. If AVM systems are to be justified, other benefits must be 
forthcoming. The most promising possibilities appear to be improvements 
in tactical command and control and police productivity, and related 
improvements in management and supervision of the patrol force. The 
potential exists in each of these areas, but further evaluation and 
experimentation are essential. 

Third, there is an important link between AVM and other PCCC 
applications. For example, the implementation of AVM may be more 
effective when tied to a CAD system. In St. Louis, AVM was established 
independently, and as such certain activities required intervention, 
such as manually placing a cursor to identify the location of an incident. 
With a CAD system, this could be done automatically. 
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AVM is a relatively new, untested technology for police applica-
tions. Two systems were tested and abandoned, and the,three systems 
which are currently operational have a number of techn1cal and/or be-, 
havioral difficulties. As AVM technology becomes more advanced, and 1f 
more departments meet with success using AVM, increas~d u7e of,th~ 
technology may occur. AVM may also recei~e more,appl1cat1ons :f 1t can be 
linked with a wide range of users, includ1ng tax1s, buses, del1very systems, 
etc. At this point, however, most of the department~ we surveyedfe~l that 
although AVM systems have potential, the major quest10n at present 1S whether 
the benefits of AV~l justify the costs. 

?4 NINE-ONE-ONE (911) 

As mentioned earlier, 911 has been a limited part of this study; 
a nationwide evaluation of 911 has been carried out by SRI Inter
national.* The following sections will review the,state of the art of 
911 and then briefly summarize the objectives and 1mpacts of 911. 

3.4.1 STATE OF THE ART OF 911 

In response to growing public and law enforcement demand, the 
American Telephone and Telegraph Company (AT&T) announced January 12, 
1968, that 1191111 was being reserved as the all-purpose emerge~cy tele~ 
phone number in the U.S. However, contrary to the telephone 1ndustry s 
established practice of forwarding those emergency calls pl~ced by 
diaiing 110" for operator assistance, AT&T viewed,the answ~rlng of 911 
calls outside the scope of telephone company bus1ness. N1~e-One~One 
calls were to be directly switched to public safety answer1ng p01nts 
(PSAPs), which were to be handled by personnel of one or more local 
public safety agencies. 

A basic 911 system provides a central answering point to which all 
911 calls are routed. There are, in addition, a number of ad~anced 
features which can be incorporated into a 911 system. These 1nclude: 

Automatic Number Identification (ANI), which 
allows alltomatic display of the number of the 
telephone from which the 911 call is initiated; 

* SRI International, IIDial 911 Transfer and Assessment Studyll (LEAA grant 
number JOLEAA-010-8), 1980. 
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Automatic Location Identification (ALI), 
which allows automatic display of the address 
of the telephone from which the 911 call is 
initiated, using ANI information in conjunction 
with an inverse telephone directory; 

Jurisdictional Selective Routing (JSR), which 
allows routing of the 911 call to the approp
riate jurisdictional PSAP, using ANI and/or 
ALI information; 

Supplementary Dispatch Support Date (SDSD), 
which is an ALI-initiated data base that in
cludes the police beat designation, the fire 
box area, and the ambulance zone of the loca
tion where the 911 call is initiated; 

Internal Selective Routing (ISR), which allows 
routing of the 911 call to the appropriate 
answering operator within a large PSAP, using 
ALI information in conjunction with SDSD; and 

Automatic Registered Name Identification (ARNI), 
which allows automatic display of the regis
tered name of the telephone from which the 911 
call is initiated, using ANI information in 
conjunction with an inverse telephone directory. 

Although the AT&T announcement of 911 occurred over a decade ago 
and was met with much enthusiasm, widespread adoption of 911 has not 
occurred. While there are now some 800 such systems in operation 
throughout the United States, only one out of every four persons can 
access 911. Most 911 implementations have been in smaller cities; 
two-thirds of the implemented 911 systems are in cities with populations 
less then 25,000 (Reinke, 1978). In the larger U.S. cities (those with 
populations above 500,000) 911 has been implemented in only 11 out of 
26 cities, as shown below. Eighteen of the 35 jurisdictions in our study 
sample have 911; basic statistics relating to these systems are shown 
in Exhibit 3.12. 

58 

No. Population 

911 Cities: 11 42% 18,421,000 59% 
Cities with other 

Numbers: 15 58% 12,630,000 41% 

26 (100% ) 31,051,000 (l00%) 

Adapted, based on PSE data, from: [Reinke, 1978, p. 30J 

We were able to obtain 911 costs for 6 or 18 cities in our study 
sample. For the systems where we did obtain 911 costs there was a wide 
variation in the figures reported by the police department, ranging from 
lows of $2,000 in Sunnyvale and $4,000 in Boston to a high of $125.000 
in Dade County. The costs reported to us in our surveys are those 
incurred by the departments themselves, and in different jurisdictions 
the telephone company may have absorbed different fractions of the 
actual 911 system costs. Further research is required in order to make 
any generalizations about 911 systems costs. 

Most of the existing 911 systems are basic systems. However, a 
handful or jurisdictions--such as Chicago, Dade County, and Alameda 
County--have also implemented some of the advanced features, including 
automatic number identification (ANI), internal selective routing (ISR), 
and jurisdictional selective routing (JSR). To date, these features 
have been installed only in major pop~lation areas. 

IMPLEMENTATION 

There are three major factors which have constrained the implemen
tation of 911. Probably the most significant problem is a technical 
one and stems from the fact that, in most urban and suburban areas in the 
U.S., the telephone company's central office exchange boundaries do not 
coincide with the politically defined jurisdictional boundaries. There 
are several possible solutions to this problem, as suggested in the 
literature (Maricopa Association of Governments, 1979). First, the 
boundary mismatch problem can be solved technically through the use of 
selective routing, as in Alameda County, California, (Hovey, 1974). 
Selective routing can be carried out automatically, if the telephone 
company has electronic switching equipment, or with a central computer. 
However, if the telephone company does not have electronic switching 
equipment, selective routing may be very expensive to install. Electronic 
switching equipment has not been installed nationwide, and even in some 
large urban areas, telephone companies do not have such equipment. A 
second solution involves creation of multiple PSAPs (as if there were 
no boundary mismatch problem), and transfer of calls which are incorrectly 
routed. This solution was chosen in San Antonio, Texas, where the 
San Antonio Police Department receives 911 calls for 22 surrounding 
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Ex h i bit 3. 1 2 
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Quad Cities I I 
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jurisdictions and transfers them as necessary. Finally, a third solution 
involves regionalization of call answering and dispatching; this has occurred, 
for example, in ~lultnomah County, Oregon [Johnson and Valenzuela, 1977J, and 
in Allentown, Pennsylvania [G. Praul Associates, 1974J. 

The second factor hindering 911 implementation is political. As identified 
by Roger Reinke [1971J of the Office of Telecommunications Policy, local 
government officials are now burdened with the task of implementing and oper
ating an integrated system for processing the different requests for emergency 
assistance, including requests for police, fire, ambulance, and other emergency 
services (e.g., suicide prevention, poison prevention, gas leakage, etc.). 
The establishment of such public safety answering points (PSAPs) requires close 
cooperation among the various local agencies, and that often is not an 
insignificant political problem. Agencies must agree, for example, on 
the number of PSAPs, call answering metr.0ds, and methods of cost sharing. As 
pointed out by Felperin et al [1974J, there has been little statewide coordination 
of 911. States have provided little policy guidance or technical assistance 
to local agencies, and have only recently begun to see 911 as part of their 
responsibilities. Funding especially seems to be a major question, particularly 
in areas where 911 has been state mandated. In California a telephone surcharge 
was imposed to obtain 911 funds, but an appropriate method of allocation was not 
worked out, so many areas in the state were uncertain how much, if any, 911 
funding they would receive from the state. Funding disagreements were also a 
major problem in the Quad C'ities region (Rock Island County, Illinois, and 
Scott County, Iowa). Quad Cities received an LEAA grant for a regional 911 
system, but the project was halted when the jurisdictions involved could not 
agree on a method of cost sharing. Also, the jurisdictions in Rock Island 
County felt that 911 costs should be paid by the state, since 911 is state mandated 
in Illinois, while the state felt that the local agencies should absorb the 
costs. 

Finally, a third difficulty, mentioned by several jurisdictions in our 
surveys, stems from the existence of multiple phone companies in single 
jurisdictions. In such areas cooperation among the various phone companies 
is required before 911 can be implemented, and the call routing required may 
be very complicated. 

There are strong countervailing pressures which support, if not require, 911. 
Three states--California, Il'linois, and Minnesota--have mandated 911, and a number 
of other states have passed 'legislation requiring 911 plans from local govern
ments [Reinke, 1978J. However s because of the political and technical problems 
mentioned previously, actual implementatio:' of 911 has been limited in some areas; 
those that have been made were independent 'mplementations, where local agencies 
overcame the political and technical problems on their own [Felperin et al, 1974J. 

3.4.2 OBJECTIVES AND IMPACTS 

Despite the existence of 911 systems for over a decade, the level of 
evaluation is still limited. The following sections will review the available 
information concerning the objectives and impacts of basic and advanced 911 
systems. 
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STATED OBJECTIVES 

A review of the 911 objectives, as summarized in Exhibit 3.13, shows 
that 911 is an application which exclusively supports the needs id~ntification 
function of PCCC. The objectives are divided into two groups, according to 
whether the 911 system is basic or advanced. 

911 IMPACTS 

Actual and potential impacts of 911 for each of the stated objectives 
are shown in Exhibit 3.14. The first 911 system objective--that of providing 
an easy-to-remember number for emergency purposes--appears to have been 
successfully met by 911. A number of studi es have shown that in areas without 
911 service, few citizens actually know the correct police, fire, and 
ambulance emergency numbers. A study performed by Franklin Institute in a 
large urban area with a well-publicized 7-digit emergency number found that 
only 34;~ of the citizens surveyed know the correct pol ice emergency number, 
5% knew the fire number, and none knew the ambulance number [Office of 
Telecommunications Policy, 1973J. SRI has reported that, based on a number 
of surveys carried out by them, only 25% of all citizens know their correct 
7-digit emergency numbers, and only 5-10% know their fire emergency numbers 
[Yung, 1979J. In areas with 911, citizen awareness of the correct emergency 
number seems to be substantially higher. A study in Sp~ingfield, ~lassachusetts 
found that after 911 implementation, 92% of the citizens surveyed were aware 
of 911 [Office of Telecommunications Policy, 1973J. Another study in Allentown, 
Pennsylvania found that ufter 911 implementation, 90~ of the citizens surveyed 
were aware of 911 [G. Praul Associates, 1974J. 

Related to easier police department access, one apparent iP:r,,-'L.z·;: 
of 911 systems is an increase in the total call-for-service workloads in 
some cities, especially in larger cities. However, based on information 
from our site visits, most cities with 911 seem to believe that 911 has 
not caused an increase in the number of emergency calls, but only in the 
number of non-emergency calls. In general it appears that the largest 
increase in the total number of calls occurs immediately after initial 
911 installation, and then levels off in later months. In our study sample 
there was a wide variation in the reported call workload changes due to 
911, as shown in Exhibit 3.12. While most cities did report some increase 
due to 911, some cities reported Increases of only 5 or 10 percent, while 
other larger cities--such as New York City, Detroit and Chicago--reported 
substantially large increases in their call workload. For example, in the 
first 12 months after 911 implementation in New York City, the number of calls 
to the police department appears to have increased by 50-100%.* As evidenced by 
the data we obtained, the issue of call level changes caused by 911 still requires 
further research. 

* Based on conversations between Richard C. Larson and members of the New 
York City Police Department. 
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Exhlbit 3.13 

911: Stated Objectives 

BASIC 911 SYSTEM 

• To have an easy-to-remember number fot emergency purposes. 

· To reduce emergency response times. 

· To increase apprehension rates and decrease the level of property 
damage. 

· To promote citizen involvement in public safety. 

· To improve coordination of emergency services. 

ADVANCED 911 SYSTEM 

• To overcome the disparity between jurisdictional boundaries and the 
telephone company's central office exchange boundaries -- using 
the automatic location identification (ALI) and jurisdiction11 
selective routing (JSR) options. 

· To reduce the number of false alarms, bomb thn.ats, and other P1alicious 
calls -- using the ANI option. 

· To allow for call-back and address identification in case a distressed 
caller gives inadequate information -- using the ANI and ;LI 
options. 

· To minimize the number of complaint clerk transcription errors -- using 
the ANI, ALI, and automatic registered name identification (ARNI) 
options. 

· To enhance an emergency operator's area familiarity, awarpness of 
resource availability, and identification of redundant calls -- using 
the ALI, supplementary dispatch support data (SDSD) and internal 
selective routing (ISR) options. 
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INPUT OBJECTIVES 

·Have an easy-to-remember 
number for reporting 
purposes 

·Pr0mote citlzen 
involvement in public 
safety 

·Overcome the disparity 
between jurisdictional 
and telephone companj 
boundaries (using ALI 
and JSR) 

·Al10w for call-back and 
address identification 
("sing ANI and ALI) 

PROCESS OBJECTIVES 

·Reduce emergency 
response times 

·Improve coordination 
of emergency services 

'Reduce the ~umber of 
false a1a'-.j:; and ether 
malicious calls (using 
ANI and ALI) 

.11inimize the number of 
complaint clerk trans
cription errors (using 
ALI, ANI, and ARNIJ 

Exhibit 3.14 

911 Impacts_ 

Actual Impact 

·In several studies, significan
tly more citizens knew the emer
gency number after 911 than be
fore 911. 

·L ittl e eva 1 uat i ve i nforma ti on 
is available. 

'Assuming ne tecnnica1 problems, 
this Objective will automatic
ally be accompliShed by the AU 
and JSR options. 

·Assumino ~o technical protlems, 
this cbjective will automatic
ally be accomplished by the AN: 
and ALI options. 

·Tnere is disagreement as to 
whether or not 911 wIll reduce 
police response tlme, and little 
evaluative inforrr.atlOr; 15 ava11-
able. 

·In some cases 911 has improved 
coordination of emergency ser
vices since all calls are routed 
to a common answering point, but 
in other cases an extra step In 
the response process is merel J 
added. 

'WI i le some po11ce departments 
believe that A~l andiDr ALI 
have reduced the number of mal
icious calls, little evaluative 
information is available. 

·Assuming no tecnnlcal problerrs, 
this objective w~11 automat'c
ally be ar.hieved tif the ANI, 
ALI, and ARNI options. 

·Enhance an emergency ·Little evaluative lnformation 
operator's fami1 iarity is available. 
with the area, available 
resources, etc. (using 
ALI, SDSD, and ISR) 

OUTCOME OBJECTIVES 

·Increase apprehenSIon 
rates and decrease the 
level of property 
damage 

SYSTEMIC OBJECTIVES 

·Avoid encroaching upon 
citi zen pri vacy 

'Little evaluative information 
is available. 

·Little evaluative information 
is available. 
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Potential Impact 

·It is possible that publi~ in(.l
dents may be reported more often 
or more ljUi(.K1j' .. men 911 i~ 
avallable. 

·Related t:J til€: increased 1·,7.T
matior are lrr,~crtant cltlzer. 
pri'JdC, Issues. 

·V;nlle 911 rna .. have ;J::tef'tldl t~ 
reduce reSlJJ~se tIre, d~1 re
ductlons WGuld occ~r in ~~tlZt:r 
re;;crtH,;; tlmes. 

·Nlne-On~-Gne has f~rtrer ~_t~~r,
tial, net jet real!z~J. f r 

l~prOve(l cOurc!1ndtl'J, " e"';;I
ger.(.] 5e r y; ce~ . 

·Tne A~: drd ALI O~:~~,~ ~~~~ t& 
ndv'e str~n; ,,-.:t~r;!.~a~ +""t re'..! ....... 
t lr.\) tne n":Tiber ..)+ "',aj 11.. :~J" 
Cd 11 s. 

'-:-h!:! advarited 911 0~tl ;r;s ;" .. :. 
S8SJ, and 15;<; rldJ hd~t~ i '~'1 t(:fj 
!Joter.tld1 in Ulb arE!J. 

• If 911 reduces respons!:! t1me, 1 t 
may have potentldl in thlS dred. 
SRI has estimated that if 911 
were implemented statewide 1n 
Florida, tile savings ln flr!:! 
losses in one year would pay for 
the entire system lnstallatiun. 

.Important questions remain as to 
the impact of the advanced 911 
options (such as ANI and ALI) on 
citizen privacy. 

The second 911 objective--providing faster access to emergency 
services--has been discussed at length in the literature, althou~h no 
formal evaluation study has been carried out to test the actual response 
time benefits of 911. Any response time benefits of 911 would come from 
reductions in citizen reporting time--that is, the time from whe~ the 
incident is detected to the time the police department is notified. r 

While there is some disagreement in the literature as to whether there 
are any reponse time reductions caused by 911, most of the available 
documents indicate that 911 does reduce response time. A study in 
Allentown, Pennsylvania concluded that, based on a sample of 200 inci
dents, overall response time was 10.4~ lower after 911 implementation 
[G. Praul Associates, 1974J. Studies carried out by SRI in Santa Clara 
and Orange Counties, California, found that 911 could make a "dramatic 
improvement" in citizens' reporting times, and that reductions in in
dividual reporting times of 1.5 to 4 minutes are possible [Felperin et 
al, 1974J. SRI also reported that in a survey of 911 users, 75~; reported 
that 911 had provided "tangible" response time benefits [Dayhars, 1979]. 
Only one study reported that 911 would not reduce response time. A report 
by a California legislative analyst stated that 911 would have minimal, 
if any, impact on response times [Concklin et al, 1979J. This statement, 
however, was based on data from an SRI study, which SRI later reported 
had been misinterpreted in the legislative analyst report [Yung, 1979J. 

The third 911 objective is that of increasing apprehension rates 
and reducing the level of property loss--through reduced response time. 
As discussed earlier in Section 3.1 (CAD), there is some disagreement in 
the literature as to whether reduced response time will increase ap
prehension rates, and this remains an area of continuing debate. With 
respect to reduced property damage due to quicker response time, SRI 
estimated that if 911 were implemented statewide in Florida, the con
comitant reductions in response time would reduce fire losses and the 
savings in one year would cover the cost of the entire 911 system in
stallation [Felperin et al, 1974J. 

The fourth and fifth basic 911 system objectives--those of increased 
citizen involvement in public safety and improved coordination of emer
gency services--have been discussed in the literature as potential 
benefits, but no studies have examined the actual impact of 911 in these 
areas. 

*~B-ased on conversati ons between Ri chard C. Larson and members of the Ne~'1 
Yor~ City Police Department . 

65 



With regard to the advanced 911 objectives, little evaluative 
information exists; the available information, though, is summarized in 
Exhibit 3.13. The only document to analyze these options in any detail 
was produced as part of the Alameda County 911 planning process [Hovey, 
1974J and discusses only the potential usefulness of the advanced 
features. It is instructive to summarize the key findings of the Alameda 
County report in relation to the six advanced 911 options: 

Automatic Number Identification (ANI) is the critical 
element for all the advanced 911 options. The Aerospace 
Corporation [1974J found that (a) approximately 
80% of all telephone suuscribers presently terminate 
in central offices which are already equipped with 
ANI for accounting purposes; (b) central offices which 
do not now have ANI are in low population areas 
where ANI and selective routing are not pressing 
needs; and (c) ANI could be provided to PSAPs fairly 
easily and at relatively modest costs. 

In an attempt to assess the potential usefulness of 
Automatic Location Identification (ALI), 963 calls 
placed to seven Alameda County agencies were monitored, 
and it was found that only 52% of the police calls 
and 40% of the fire calls were from telephones 
located at the exact 10cation of the incidents. 

Jurisdictional Selective Rounting (JSR) is necessary 
for any 911 system which contains more than one PSAP. 
Although it is easier to implement JSR in a central 
office with an electronic switching system, it can 
also be implemented in an electromechanical central 
office. 

• Alameda County found that the telephone cQmpany was 
opposed to carrying Supplementary Dispatch Support 
Data (SDSD) on any computer that it owns or operates. 
Aside from the problem of updating information that 
has no value to telephone operations, there are 
legal regulations prohibiting the common carriers 
from such data processing services. However, the 
telephone company is willing to include some zonal 
information, as is the case in Chicago where data 
for 13 police and fire zones are maintai~ed for each 
of Chicago's 1.6 million telephone numbers. 

Within large PSAPs, like New York City and Philadelphia, 
Internal Selective Routing (ISR) is being carried 
out on a Borough basis, or according to central 
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office exchange boundaries. Alameda County found 
ISR unnecessary since only the Oakland PSAP would 
have been large enough to require it, and Oakland 
decided against it at that time. 

In order to assess the potential usefulness of 
Automatic Registered Name Identification (ARNI), 
a small sample of dispatch tickets of the Oakland 
Police Department was analyzed to determine the 
level of coincidence between the complainant's 
name and the telephone subscriber's name. It was 
found that 61% had identical surnames. Although 
police representatives were strongly in favor 
of th~ ARNI f~ature, the Alameda County 911 
Steerlng Commlttee decided against it for reasons 
of pri vacy. 

. Alameda County also tried to gauge the public's reaction to an 
lmp~rtant privacy issue--that of governmental access to telephone sub
scrlber rec~rds--by con?ucting a brief telephone survey* of 105 listed 
and 206 unllsted subscrlbers. Its findings were: 

88~ had a favorable reaction to an advanced 911 
system that included both the ANI and ALI features; 

81;; approved of having subscriber records on a 
gov~r~ment computer for 911 purposes, and an 
addltlonal 7% approved of 911 uses as long as the 
records remained in the custody of the 
telephone company; 

there were no sjgnificant differences in any of the 
responses between the listed and unlisted subcribers. 

Overall, little evaluation has been done regarding the advanced 
911 features. Further research is needed to determine which of these 
features are desired, needed, and cost-effective. 

CONCLUDING REMARKS 

In conclus~on, sever~l ~oints should be made. First, although the 
:once~t of.911 lS sound, lt l~ obvious that its full-scale implementation 
lS belng hln?ered by both polltlcal and technical problems. In this 
re~ard, 911 lS perhaps an excellent example of a technological concept 
WhlCh could and should have undergone an intensive i,',·;;>;,l:U.i,'.'t ,',-Wi,>' 

bef~re the AT&T announcement of its availability and before'several st~te 
leglslatures mandated its widespread ad~ption. One result of such an 
assessment, for ex~m~le, wou~d have been the identification of appropriate 
background and tralnlng requlrements for 911 operators. This still remains 
a critic~l need, .an? is illustrated by the fact that at one time the New 
York Pollce Commlsslonel' transferred 121 civilian operators who were 

* S.W. Hovey, Study for Alameda County (CA) 911, Washington, D.C. 
LEAA, October 1974. 
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"unqualified or unsuited to cope with the demands of the stress-filled 
job" [Kalech, 1978, p. 1J. Furthermore, better statewide coordination 
of 911 is required. In order to assure continued implementation of 
911 systems, states must provide policy guidance, technical assistance, 
and funding provisions for local agencies. 

Second, the impact of the advanced 911 options on personal privacy 
and confidentiality has not yet been fully resolved. Althou~h Alameda 
County attempted to address the issue by conducting a telephone survey 
of a sample of telephone subscribers, the final resolution may only come 
in the courts, if and when a pertinent case is filed. Meanwhile, a 
legal study could be funded by the federal government in this area. 

Third, the fact that 911 serves not only the police but also fire, 
ambulance, and other emergency services should be recognized as a 
critical factor which may eventually lead to a combined command, control, 
and communications system for the public safety area. Therefore, current 
and future PCCC systems should be flexible in design so that they can 
interact with and/or accommodate the needs of other emergency services. 
Inasmuch as PCCC systems are in a more advanced state of development and 
implementation than those of other emergency services, it is possible 
that PCCC syctems will be the cornerstones of future public safety 
command, control, and communications systems. 

3.5 FORMAL DEPLOYMENT METHODS (FDMs) 

As stated earlier, the 911, CAD, AVM, and MDC applications 
primarily support the short-term tautica: and operationaZ PCCC functions 
of needs identification, status monitoring, ~nd response/adjustment. 
Formal Deployment Methods (FDMs) use data from these applications to 
support the longer-term strate2ic PCCC function of resource management. 
As identified by Larson [1969J, resource management includes such func
tions as: allocation of districts and beats; determination of the 
hourly demand for police services and personnel; assignment of personnel 
to shifts or tours; assignment of personnel to calls and the related 
spatial repositioning of units; and determination of needed police force 
strength for future planning. The relationship of FDMs and resource 
management to the other PCCC functions is shown diagrammatically in 
Exhibit 3.15. Our interest in this stucty is not with formal deployment 
methods unto themselves, but with FDMs as they relate to PCCC tech
nologies, especially the computer-related technologies (i.e., CAD, MDC, 
and AV~1). 

3.5.1 A REVIll,} OF FORtlJAL DEPLOYi'iENT ~10DELS 

A number of police-related formal deployment ~odels have been 
identified and reviewed by Sohn and Kennedy [1976J. There are, in 
addition, a number of internally-generated resource allocation tech-
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Exhibit 3.15 

Relationship of Resource Management and Formal D2Dloyment Methods 
to PCCC Functions 

r- - -
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and 
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PCCC Functions 

Needs 
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Re:pon:e/ 
Adjustment 

Resource 
Management 
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niques in use by various police departments around the country. However, 
only three of the existing formal deployment models--the Law Enforcement 
Manpuwer Resource Allocation System (LEMRAS), the Patrol Car Allocation 
Model (PCAM), and the Hypercube Queueing Model--have been used to any 
great extent. These are described below. 

LEMRAS was developed and marketed by IBM in the late 1960s [Sohn 
and Kennedy, 1976J. The model used exponential smoothing and queueing 
methods to predict the number of events needing police service by type 
and location, and the number of patrol units needed to service these 
events. In the fact of more realistic, probabilistically-based models 
(such as PCAM and Hypercube), however, IBM has since withdrawn LEMRAS 
from the market. PCAM was first developed by R. Larson [1972J and 
subsequently refined and computerized by Chaiken and Dormont [1975J. It 
is an analytic queueing model which has both descriptive and prescriptive 
output concerning the number of patrol units to be allocated to dif
ferent commands and at various times of the day. Hypercube was likewise 
developed by R. Larson [1975J, and like PCAM, it is an analytic queueing 
model. Hypercube is basically a descriptive model which can assist in 
the design and evaluation of beats, sectors, districts, or response 
areas for police patrol units. 

3.5.2 FDM USAGE 

As mentioned earlier in this report~ the use of the computer by 
police for ';C;"2-1'':J:t::-';'} purposes such as resource allocation has so far 
been disappointing. While police departments have had success with 
routine applications in which the computer performs straightforward, 
repetitive tasks, in non-routine areas, where the computer becomes a 
tool for decision making and strategic planning, the results to date 
have been less successful. 

The use of computer-based formal deployment models such as Hyper
cube, PCAM, and LEMRAS is relatively recent. The main barrier to im
plementation of such models in the past was the sizeable data require
ments of such models; police departments with manual dispatch systems 
typically did not have readily available extensive information for 
such models. However, with the advent of computer-related PCCC 
technologies (especially CAD), police departments have large data bases 
which can be used to support such models, and the use of such models 
has increased. In the past few years a number of police departments 
with CAJ have begun to make use of the data from their CAD system to 
support fOl'mal deployment model s such as Hypercube or PCM1. In 1977 
Chaiken [1977J identified some 40 law enforcellient agencies \'Jhich had 
received copies of the Hypercube and/or PCAM programs. Fully half of 
these cities also had CAD systems. 

No police departments appear to have yet exploited the full potential 
of their compJterized PCCC systems in the area of resource manage-
ment. The existing resource allocation systems still require a certain 
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amount of manual intervention; for example, the data generally 
must be drawn from a variety of sources and reformatted before it 
can be used in a model such as Hyp2rcube or PCAM. However, computer
based PCCC systems provide the potential for automated support of the 
resource management function, since the computer can be programmed to 
automatiaaZl~j collect appropriate data for formal deployment models. 
Such a system was implemented in Newark, New Jersey where data for the 
Hypercube and PCAM programs were automatically generated by the computer; 
however, because of problems with the CAD system, the data has not jet 
been used. No other police departments appear to have created an inte
grated PCCC system of this kind. 

In conclusion, there is a need for a resource management system 
w~ere FDMs and ~he associated.strategic PCCC designs are fully integrated 
wlth the operatlonal and ~~ctlcal PCCC functions of needs identification 
status monitoring, and response/adjustment. The two sets of PCCC ' 
functions--strategic and tactical--could be designed to automatically 
provide feedback to one another. However, the resource management 
function is a complex, iterative process; the degree to which FDMs can 
be used effectively as a part of a computerized PCCC system must remain 
an area of continued research and evaluation. 

3.6 REGIONAL COMMUNICATION SYSTEMS (RCSs) 

3.6.1 STATE OF THE ART OF RCS 

Regional comnunication systems (RCSs) are those systems \vhich 
invol~e the cooperation among various law enforcement agencies in the 
creatlon of a common communication system. This could involve a minimum 
amount of regional cooperation (as in the allocation of a common radio 
frequency which allows different police departments to communicate with 
one another) or extensive cooperatiGn among different agencies (as in 
the creatio~ of a centralized dispatch center). Our interest in the RCS 
area is no. 1 reviewing each of the various PCCC applications in the 
context of RCS, but rather in investigating the salient features and 
relative merits of regionalizing PCCC functions. 

We have identified a number of different types of RCS applications 
as outlined in Exhibit 3.16. Some areas, such as Santa Clara County, ' 
California; Hamilton County, Ohio; and Oak Park, River Forest, and 
rorest Park, lllinois, have developed centralized CAD systems. Others, 
such as Hennepin County, Minnesota; and Muskegon County, Michigan, have 
developed centralized manual dispatch systems. Dade County, Florida, 
and Alameda County, California have developed regional advanced 911 
systems with multiple ?SAPs. Other regions, such as Erie County, New 
York, and Madison, Wis~onsin have cooperated to create region-wide 
record-keeping systems. Finally, some areas have implemented regional 
radio frequency allocation schemes: the BAPERN network in Boston pro
vides a single communication frequency for 23 police agencies in the 
Boston metropolitan area to communicate with one another in emergency 
situations, and Orange County, California has developed a county-wide 
frequency allotment scheme. 
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Exhi bit 3.16 

I. ~ionalized Dispatching Res: Reported Applications 

Population 
Served 
(1000' s) 
With CAD Stat~~l 

2,000 X 

600 X 

570 X 

500 X 

250 X 

93 X 

Without CAD 
692 X 
634 X 

230 X 
227 X 

200 X 

190 X 

150 X 

Regionalized Advanced 
2,000 

1,090 

320 

X 

X 

( X) 

Jurisdiction 
Dade County, Florida 

Portland/Multnomah County, Oregon 

San Jose/Santa Clara County, California 

Hamilton County, Ohio 

South Bay Area, California 

Oak Park, River Forest, Forest Park, 
Illinois 

Broward County, Florida 
Hennepin County, Minnesota 

Onondaga County, New York 
Saginaw Area, Wisconsin 

Snohomish County, Washington 

Anoka County, Minnesota 

Muskegon County, Michigan 

911 
Dade County, Flori da 

Alameda County, California 

Quad Cities Area (Iowa/Illinois) 

~ad_LoJ-,"-e_<I.Uency_ All oca t i on 
3,000 X Boston Area Massachusetts 
1,700 

1,089 

302 

x 

x 
X 

Orange County, California 

Erie County, New York 

Madison Area, Wisconsin 

Source 
Site visit 

[Barker et al, 1975] 

Telephone survey 

[Johnson and Valenzuela, 1977] 

[JPL, 1978] 

[Sohn et al. 1976] 

[leberman, 1975] 
[Johnson and Valenzuela, 1977] 

[Gabriel, 1975] 
LEAA grant description 

[Johnson and Va 1 enzue 1 a, 1977] 

[Johnson and Valenzuela, 1977] 

[McDonnell, 1974] 

Site v"isit 

Site visit 

Telephone survey 

[Coogan, 1978] 

Site visit 

[Bolas et al, 1974J 

tptter to rSf fl'om [101 iep 
dppa rtmpnt 

Description 

Dispatching for Sheriff, 22 municipal jurisdictions; 
does not include Miami and 3 other cities. 

Includes Sheriff, Portland police, and 3 suburban 
police departments. RCS begun 1974. 

CAD shared by Sheriff and San Jose police, but 
separate dispatchers. RCS begun 1976. 

Dispatching for 91 police, fire, EMS agencies. Does 
not include Cincinnati. RCS more than 25 years old 

Dispatching for 7 communities in LA County. RCS 
begun 1975. 

CAD shared by 3 communities in Cook County. RCS 
begun 1975. Separate dispatch centers. 

4 Dispatch centers serve a total of 29 communities. 
Includes Sheriff and 22 suburban police departments. 

Does not include Minneapolis. 
Includes Sheriff and 9 suburban police departments. 
Includes Sheriff and police departments of Saginaw 

and several other towns. 
Dispatching for Sheriff's office and a number of 

local police departments. 
Includes Sheriff and 6 mun;,cipal police departments, 

RCS begun 1973. 
Includes 8 of the 11 police agencies within the 

county. Begun in 1969 as an LEAA Exemplary Project. 

911 system with selective routing, ANI,S PSAPS. 
Established in 1979. 

911 system with selective routing, ANI, multiple 
PSAPs. Established in 1978. 

Advanced 911 system planned; currently stalled 
due to political problems. 

Provision of one radio channel for inter
jurisdictional emergency communications. 

Radio channel allocation scheme for law enforcement 
agencies in Orange County. Provision of status
only MDTs. 

Centrali7ed record-keeping, identification, training 
facilitips, etc. Begun 1972. 

Area-wide automatic reporting systrm. 
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3.6.2 OBJECTIVES AND IMPACTS 

The literature in the RCS area contains very little evaluative 
information. Most of the available documents concentrate on input and 
process measures, containing material such as descriptions of actual 
regional communication systems and discussions of potential benefits of 
such systems. The objectives and impacts of RCSs are summarized below. 

STATED OBJECTIVES 

There are a number of reasons for establishing an RCS, and the form 
of the actual RCS implemented will reflect the particular benefits 
expected by the jurisdictions involved. Possible objectives for RCS 
include: 

• To decrease operating costs, especially personnel-related 
costs. 

• To decrease equipment and implementation costs. 

~ To overcome radio channel congestion problems. 

• To provide a means of coordinating police actions during 
certain emergencies. 

• To establish a joint entity which would more easily 
attract federal and state subsidies. 

A major reason for adopting an RCS is cost savings: through con
solidation, a regional communication system may decrease operating costs 
(especially personnel-related costs), and total equipment and instal
lation costs. Furthermore, by creating an RCS, cities may be able to 
afford technologies--such as CAD--that they may not be able to afford on 
their own. For example, three Chicago suburbs, Oak Park, River Forest, 
and Forest Park, Illinois [Sohn et &1, 1976J cooperated to create a 
joint CAD system shared by the three departments. Consolidation of 
dispatch operations was recommended in Contra Costa County, California 
where there were a number of cities too small to afford a 24-hour 
dispatching operation by themselves. Record-keeping costs len Erie County, 
New York to develop the Erie Municipal Police Information Retrieval 
Enhancement (EMPIRE) system [Bolas et al, 1974J, and general cost con
siderations l~d to a recommendation for San Diego County, California to 
adopt a coordinated Records and Communication System [Public Systems, 
Inc., 1971J. 

A second reason for introducing regional communications is radio 
channel congestion and frequency interference. Muskegon County, Michigan 
decided on a centrai police dispatch center because eight dispatching 
centers in the county were competing for the use of a single radio 
frequency, often resulting in garbled communications. An interference 
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process measures, containing material such as descriptions of actual 
regional communication systems and discussions of potential benefits of 
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of the actual RCS implemented will reflect the particular benefits 
expected by the jurisdictions involved. Possible objectives for RCS 
include: 
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costs. 

• To decrease equipment and implementation costs. 

• To overcome radio channel congestion problems. 

• To provide a means of coordinating police actions during 
certain emergencies. 

• To establish a joint entity which would more easily 
attract federal and state subsidies. 

A major reason for adopting an RCS is cost savings: through con
solidation, a regional communication system may decrease operating costs 
(especially personnel-related costs), and total equipment and instal
lation costs. Furthermore, by creating an RCS, cities may be able to 
afford technologies--such as CAD--that they may not be able to afford on 
their own. For example, three Chicago suburbs, Oak Park, River Forest, 
and Forest Park, Illinois [Sohn et al, 1976J cooperated to create a 
joint CAD system shared by the three departments. Consolidation of 
dispatch operations was recommended in Contra Costa County, California 
where there were a number of cities too small to afford a 24-hour 
dispatching operation by themselves. Record-keeping costs led Erie County, 
New York to develop the Erie MuniCipal Police Information Retrieval 
Enhancement (EMPIRE) system [Bolas et al, 1974J, and general cost con
siderations led to a recommendation for San Diego County, California to 
adopt a coordinated Records and Communication System [Public Systems, 
Inc., 1971]. 

A second reason for introducing regional communications is radio 
channel congestion and frequency interference. Muskegon County, Michigan 
decided on a central police dispatch center because eight dispatching 
centers in the county were competing for the use of a single radio 
frequency, often resulting in garbled communications. An interference 
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problem also caused Orange County, California to adopt a computer
controlled regional radio and status-only MDC system [Wand, 1973J; the 
county communications authority worked out a scheme of radio frequency 
allocation where the same dispatch channel would be shared by jurisdictions 
in opposite ends of the county. In this case, dispatch centralization 
did not occur. 

Regionalization may also occur because of a need for coordination 
of certain inter-jurisdictional emergency situations. The BAPERN network 
in Boston consi~ts of a single communication frequency for use by 23 
police agencies in the Boston area in inter-jurisdictional events. 
Coordination of dispatching was also a motivating factor in Broward 
County, Florida where 29 jurisdictions are centralized into 5 dispatch 
centers [Leberman, 1975]. 

Finally, a fourth reason for establishing an RCS is that a joint 
entity might more easily attract federal and state subsidies because 
of the increased magnitude of the population served. 

Although the objectives of an RCS are straightforward, the 
process of creating the legal and ~dministrative framework for procuring 
and operating the RCS may be extremely complicated. Agreement must be 
reached on a number of issues. 

Insights concerning some of the major issues and how to resolve them 
are listed below; they are primarily found in Sohn et al [1976, pp. 14-
15] . 

• A new legal entity, separate from any of the participating 
communities--but under their control--must be created. This 
is not only advisable for efficient administration, but es
sential because frequencies can be assigned only to a legal 
entity and federal grants can be made only to such a single 
body--not to a collectio~ of independent communities. 

• Procedures for creating, financing, and governing the new 
legal entity must be defined and agreed upon. Since the 
different communities will have different sizes, different 
terrains, different tax resources and different crime rates, 
it is not easy to reach agreement on what support is to be 
provided by each and what services each is to receive. 

• Radio frequency allocations now held by individual communities 
must be assi9ned to the new agency. Which frequencies are to 
be assigned (police only, police and fire, other, all or part, 
etc.) is a subject requiring extensive discussion. Provisions 
must also be made for disposition of frequencies allocated to 
the combined agency if one of the cooperating communities 
chooses to withdraw. 

• Centralized dispatching centers should use civilian dispatchers, 
both for reasons of economy and efficiency and because the new 
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agency probably will not have the ability to exercise authority 
over sworn personnel. For small departments now using sworn 
personnel for dispatching, this change will require some 
accommodation. 

• The change in dispatching personnel is part of the general 
problem 'jf changing from a small, closely integrated dispatching 
operation to a larger, physically and organizationally more 
dispersed operation. Such a change is not always welcomed by 
all parties, and considerable discussion is likely to be 
required. 

• Each community must retain command authority over its patrol 
force. Provisions need to be made in the design of the system 
for each community to monitor and redirect its forces if 
necessary. 

• The legal structure and administrative procedures of the 
new agency must conform with applicable state and county 
requirements and regulations. State laws may govern the 
powers of such joint agencies. 

• If allocations (or radio channels, personnel, financial support, 
etc.) are to be based on current rates of use, it is difficult 
to agree on the definitions concerning such rates. Different 
departments keep records in different ways that are not easily 
compared. Only after the combined system is in operation will 
it be possible to determine usage rates on a common basis. 

RCS IMPACTS 

The RCS-related lit2rature focuses primarily on specific PCCC 
applications within the general context of an RCS and does not dwell on 
the salient features or characteristics of regional communications. 
Perhaps the only evaluation that addresses the RCS concept is the Muskegon 
County study [McDonnell, 1974J, which reviews a non-computer-based RCS. 
The key finding of the study was that before consolidating their dispatch 
functions, the 8 member agencies had assigned 19 police officers to 
dispatching, while after consolidation 13 civilian personnel were able 
to meet the consolidated dispatching requirements. This represented a 
32 percent savings in personnel time and a 42 percent savings in personnel 
costs, the latter reduction augmented through the use of lower-paid 
civilian personnel. Cost savings also seem to have been realized in the 
Dade County system (where we made a site visit). In Dade County the 
Department of Public Safety dispatches for the County Sheriff's 
office pius 22 of the 26 municipal jurisdictions in the county. (Each 
of the municipal areas has its own police force, however.) Many of the 
individual communities in the county do not generate enough work for a 
full-time dispatcher, so consolidation allows fewer total dispatchers. 
Further, the communities in the county enjoy the benefits of a CAD 
system, which individually they would not be able to afford.* 

*CAD was not the reason regionalization occurred, however, since the dis
patch operations had been centraiized long before CAD. 
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Reduced channel congestion and improved coordination of police 
activities are also apparent in Dade County, where instead of having 
many dispatchers on the same frequency each frequency now has only one 
countywide dispatcher. Also, since one dispatcher supervises many 
jurisdictions, inter-jurisdictional dispatches are greatly facilitated. 
For example, if all the patrol units in one city are busy, the dispatcher 
can send a nearby county unit to answer any calls in that jurisdiction. 

However, there may be possible drawbacks to such regionalization, 
as reported by Dade County. Because one dispatcher supel'vises many 
jurisdictions, he may not be as familiar with each area as would a local 
dispatcher. Also, because of the volume of calls handled, a centralized 
dispatch center often cannot provide the same kinds of services as many 
smaller dispatch centers. For example, Dade County reported that they 
will only dispatch units for police-related "incidents, while the smaller 
cities could dispatch units to handle domestic complaints, turn off 
sprinklers, etc. 

In general, RCSs appear to have anumber of potential benefits but 
have often been blocked by political problems. For example, the QUud 
Cities area (Rock Island County, Illinois, and Scott County, Iowa) 
attempted to install a regional 911/CAD system, but they have not yet 
been successful. Quad Cities received a $175,000 grant from LEAA in 
1977 for 911 and CAD, and was to be a pilot site for a regional 911 
system. The project was abandoned, however, when the jurisdictions 
involved could not agree on a method of sharing the system maintenance 
costs. At the same time, the various jurisdictions decided that they 
did not want to have one centralized CAD system, but rather a microcomputer
based CAD systems installed in each separate jurisdiction. The Quad Cities 
project has been stalled while the jurisdictions involved attempt to resolve 
these problems. Similar political problems barring regionalization are 
apparent in Charlotte, North Carolina where the city and county police 
dispatch are from the same dispatch center. The city uses a CAD system, and 
the county uses a manual dispatch system. The reason cited by the city 
communications supervisor for the lack of CAD sharing was that the city police 
are under control of the mayor, and the county police are under control of 
the county manager. Problems of this kind often appear to have blocked RCS 
implementation, although such combined systems may have substantial bene-
fits for the departments involved. 

CONCLUDING REMARKS 

Although there are few supporting evaluations, the concept of a 
regional communications system seems sound. It is based on a well known 
principle that sharing of resources can result in certain benefits 
and/or economies of scale. However, actual practice has also shown 
that benefits and economies of scale can accrue up to a certain point, 
after which there are diseconomies of scale. In this regard, the 
question that remains to be answered is: What is the size--in terms of 
area, population, police services, etc.--of an optimaZ RCS? The answer 
to this question can only be forthcoming if careful, systematic evaluations 
of RCSs are undertaken. 
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4 EVALUATION CONCERNS AND I~lPLEMENTATION CONSIDERATIONS 

The previous chapters have provided a general assessment of the six 
PCCC technologies and application areas. In light of these findings the 
first part of this chapter will review some general evaluation concerns, 
and the second part will discuss along with the implementation process 
for PCCC technologies, future considerations in the use and linkage of 
such technologies. The third part of the chapter will outline specific 
research needs and recommendations. 

4.1 EVALUATION CONCERNS 

An overriding constraint in our national assessment of PCCC systems 
has been the lack of substantial PCCC evaluation data. Although there 
is an extensive body of PCCC literature, most of it is descriptive in 
nature, and there have been very few formal evaluations performed in 
the PCCC topic area. The studies which have been done concerning PCCC 
sys~ems are often incomplete or unreliable, focusing primarily on measures 
of input and sometimes process~ but almost never on outcome or systemic 
impacts. 

Because of the lack of evaluation studies, PSE devoted a sUbstantial 
amount of the project resources to direct information gathering, telephone 
and mail surveys, site visits, and one on-site field assessment. This 
research yielded a number of valuable insights, but we still found that the 
lack of concrete evaluation data was reflected in the field. Most cities 
seem to have little in the way of detailed cost data or other PCCC "impact" 
information which could be used for the evaluation of their systems. The 
state of the art of PCCC technology has not advanced to the stage where 
evaluations of second-order performance measures are considered necessary 
by police departments; at this point, police departments are generally 
satisfied if their systems simply operate smoothly. 

The available data (both that contained in the literature and that 
gathered directly by PSE) nevertheless has allowed for a general assess
ment of the state of the art and the problems and issues of PCCC systems. 
Because of the lack of concrete evaluation research in some cases our 
findings have been somewhat subjective, based primarily on PSE's infomled 
judgment. This points to the strong need for further PCCC evaluations 
and agreement on a common framework to use in the evaluation process, 

so the PCCC hypotheses can be tested and results can be compared from 
city to city. Still, it has been possible to reach a number of useful 
findings and conclusions regarding PCCC-related applications and research 
needs. Many of these findings have been listed already, others will be 
discussed in the remainder of this chapter. 

4.2 IMPLEMENTATION ISSUES 

One of the basic premises of this study was that the implementation 
of PCCC technology requires more than technical expertise--that the 
consideration of behavioral and institutional factors (both in system 
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design and system implementation) is also essential. This premise was 
clearly confirmed by the study. In discussing communication problems, 
many cities emphasized problems relating to personnel and training. The 
emphasis on such problems highlights the fact that new technology alone 
is not enough to resolve communication problems. In fact, many problems 
are behavioral and can be resolved only by better management and greater 
sensitivity to personnel-related issues. 

Involvement of department personnel is important not only during 
system implementation, but also during the earlier phases of system design. 
Systems where line personnel were involved in system design seem to have 
fewer problems than systems where the intent and capabilities of the new 
technology were not communicated adequately during the development 
stages of t~e system. Personnel often resent not having been involved 
in system design, since they sometimes have suggestions which would 
improve the system. As a consequenc~, such personnel may attempt to 
subvert system operation once the technology is implemented. 

Also critical to the success (or lack of success) of any PCCC 
system is the relationship between the police department and the computer 
vendor. Departments with clearly defined, carefully specified vendor 
performance specifications in general have more successful PCCC systems 
than those departments with uncertain or ill-defined vendor performance 
specifications. Along with performance guidelines, it is also essential 
to develop a long-range plan and build in a certain amount of flexibil
ity. Ih fact, performance guidelines may serve to hinder later flexi
bility if they are structured too tightly. 

It is also important to realize that implementation and use of PCCC 
technologies is a dynamic process. No matter how much initial planning 
has gone into a system, a certain amount of time is always required for 
modification. Such modification occurs through usage, feedback, and 
monitoring from system users. After implementing a PCCC system (such as 
CAD), departments should expect that the system will need to continually 
evolve and mature to satisfy changing needs. For this reason, CAD and 
PCCC systems seem to have the smoothest implementation in cities with 
strong data processing capabilities. In cities without such data processing 
support, the systems may fall into disuse or disarray once the vendor leaves. 

We have also found that there is a close tie between the technical 
performance of a system and the overall results and attitudes concerning 
the system. The problems of AVM noted earlier are probably the best 
illustration of this link. Before implementing any PCCC technology. 
there is a need for extensive testing and debugging to avoid such atti
tudinal problems. 

Personnel training is also important to successful implementation 
and use of PCCC technologies. Police personnel (and particularly police 
communications supervisors) have recently begun to realize the import
ance of the command and control center in a police department. In 
the past, police communications centers have often served as assignments 
for officers with disabilities or discipline problems. In general, 
however, it seems that this trend is being reversed. Police departments 
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have started to realize the importance of well-qualified, well-trained 
personnel in the communication cent~r. Skill~d dispatchers a~d 
complaint operators are especially lmportant ln departments wlth computer
based PCCC technologies. 

There also seems to be a strong trend toward civilianization of the 
police communications center, as a majority of the cities surve~ed used 
some or all civilians in their communications center. (The maln reasons 
cited by departments for moving to civilians are to r~d~c~ costs and to 
put more sworn officers on the street.) The use of clv:llans.may present 
special training problems, and some resentment from offlcers ln the 
field, but it may also allow for communications personnel with more 
specialized skills. 

For departments interested in implementing PCCC systems, it appears 
that as a minimum a seven-step implementation approach is appropriate. 
These steps include: 

( 1 ) 

(2 ) 

(3 ) 

(4) 

(5) 

(6 ) 

(7) 

needs assessment; 

careful identification of PCCC philosophy and approach 
(e.g., management vs. operational perspective); 

preparation of a needs statement based on the needs 
assessment and overall philosophy, ~enerally in the 
form of a request for proposal (RFP); 

responses from vendors to the RFP and selection based 
not only on cost, but also on quality concerns; 

specific commitment of vendors to a measurable level 
of performance; 

careful orientation, training, and involvement of 
operational personnel; 

evaluation and revision to assure that the system 
continues to meet the ongoing needs of users. 

Naturally, these steps cannot always be followed precisely, and 
flexibility and adaptability are essential. Furthermore, such an ap
proach by itself will not guarantee success. However~ it ~s .our judg
ment based upon our literature search, s~rveys, and slte.vlslts t~at . 
using this kind of process as a checklist will make a maJor contrlbutlon 
towards successful PCCC system implementation. 

4.3 FUTURE CONSIDERATIONS 
Earlier in the report the concept of an "intelligent" PCCC system 

was raised. Will this ever be a reality in the future or is it only a 
myth of the "l aw enforcement space age"~ If such a y:tem is to be 
developed it must be integrated~ proaat~veJ and flex~b~e. Each of these 
characteristics will be discussed below. 
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4.3.1 INTEGRATED PCCC SYSTEMS 

PCCC applications have been individually reviewed in this study not 
only because they are relatively distinct in purpose and focus, but also 
because in practice they have been implemented on an individual basis 
and in an independent manner. No police agency has yet implemented an 
integrated PCCC system which links all the various PCCC applications or 
elements, although the parts of such a system have been established in a 
number of cities, and a few--most notably Dallas, Texas--seem to be 
moving in this direction. Exhibit 4.1 identifies an integrated PCCC 
system, assuming that the 911, CAD, AVM, and MDC applications are effec
tive and pertinent to the PCCC functions, and that they generate meaning
ful management information system (MIS) data. Briefly, the system includes 
911 information that is entered into the CAD computer, which also: 1) 
interacts digitally with the AVM and ~1DC systems; 2) serves, if necessary, 
as a switching machine for MDC inquiries to remote data bases; and 3) 
provides pertinent data to the MID element. Similarly, it may be cost 
effective for the MIS portion of the system to share the same CAD computer. 

Aside from the physical links among the different PCCC elements, 
it is important to recognize that the PCCC system can be divided into 
two components. The first component-~comprised of 911, CAD, AVM, MDC, 
and the remote data bases--primarily supports the tacticaZ PCCC functions 
of needs identification, status monitoring, and response/adjustment. 
The second component--comprised solely of MIS--primarily supports the 
strategic PCCC function of resource management. As shown in Exhibit 
4.1. the two components are interactive; the tactically generated data 
are fed into the management information system which, in turn, produces 
results that can strategically impact the tactical component. This 
integrated approach to PCCC may produce a synergistic result in which 
the integrated system is more effective than the sum of its parts. 

It is obvious that because of budgetary constraints a police depart
ment cannot implement the total PCCC system at one point in time. There
fore it is necessary to the various PCCC elements from an implementation 
perspective. A quick glance at Exhibit 4.1 suggests that CAD is the 
heart of the integrated PCCC system; among other factors, the CAD com-
puter can be the host computer for all the other PCCC elements or applications. 
Thus, CAD should be the first PCCC application to be implemented, followed 
by perhaps by 911, MDC, and AVM, if appropriate. Furthermore, Management 
Information System (MIS) capabilities should be built in each of the tactical 
PCCC technologies. Although any of the applications can stand alone, 
the proper sequencing and linking of their implementation would lead to 
greater effectiveness and overall compatability. 

Our review of the range of PCCC nationwide applications noted earlier 
found that, except for basic 911, CAD applications are the most predominant. 
In theory, all police agencies which have taken the first step of installing 
a CAD system can expand it to an integrated PCCC system; in practice, the 
agencies will face severe compatibility problems. It is therefore recommended 
that a detailed system plan be developed before any PCCC element is pur
chased and implemented. 
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A final comment concerning the integrated peee system depicted in 
Exhibit 4.1 is important. Although the depicted system is conceptually 
rele~ant for a~l ~olice departments, it is obvious that not all agencies 
req~lre a Sophlstlcated system. Some departments may only require 
a mlcrocomputer-based system; others may not need AVM or MOe. Some very 
sm~ll department~ may want only an automated telephone answering system 
WhlCh allows offlcers to answer incoming telephone calls while in their 
patrol cars. 

4-3.2 PROACTIVE peee SYSTEMS 

As noted earlier in this report, computer-based peee applications 
have to a large extent simply replaced previous manual operations. 
Alth~ugh recognized, the potential of the computer has not been fully 
r~allzed. A e~D system can be used not only to assist in the tradi
tlonally reactlve responsr/adjustment function, but also to provide the 
necess~ry information for a more proactive, decision-oriented dispatch 
operatlOn. 

A proactive or intelligent CAD would be effective in: 

• checking the validity of calls for service; 

• efficiently allocating patrol resources in a dynamic manner 
to account for fluctuating manpower levels; 

• standardizing dispatch assignments among dispatchers and 
between dispatcher actions and departmental policies; 

• improving police service by incorporating strategies which 
for example, increase neighborhood identity or provide ' 
better response to emergency situatiorl , 

• incorporating complex mathematical models for purposes such 
as estimating patrol unit location and managing queues of 
calls for service; and 

• collecting and processing statistics which are useful to police 
administrators. 

According to preliminary design specifications, one city we visited had 
many of the elements of such an intelligent CAD system, but due to a 
wide variety of instituti0nal and behavioral factors, the actual system 
was far below expectations. 

A promising area for proactive decision making is in the management 
of police demand. Recognizing that some 86 percent of all calls for 
~olice service are non-critical in nature (i.e., do not require immed
l~te re~ponse), and that citizen satisfaction is a function of expecta
tlon, Tlen et. al. have proposed that the demand for police services can 
be managed and that alternative methods (i.e., other than the traditional 
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method of dispatching a costly patrol unit) can be used to respond to 
non-critical calls for service, provided the citzens are forewarned. k 

Proactive management of police demand can reduce or shift random demand 
peaks and may even lower the demand level, thus allowing more efficient 
and more effective allocation of limited police resources. In fact, 
a management program was recently developed and implemented in Wilmington, 
Delaware.** Calls were classified in response-oriented terms. It was 
found that citizens were willing to accept considerable delay in response 
as long as they were notified at the beginning of their call. While the 
program in Wilmington focused only on the reactive elements of management 
of police demand (i.e., creative reactions to citizens' calls for 
service), computer-based algorithms could be used on-line as a part of a 
proactive peee system to assist complaint operators and dispatchers in 
the performance of their peee functions. 

4.3.3 FLEXIBLE peee SYSTEMS 
The modern peee system is heavily dependent on the computer. 

Computer technology, meanwhile, is undergoing major changes, and tech
nological advances are occurring on a daily basis. Any peee system must 
therefore remain flexible to take advantage of and be compatible with 
these advances. Changing computer technology will impact the peee 
functions in three areas. 

First, the decreased cost of computers, together with increased 
computing capabilities, will make computer-based peee systems available 
to even the smaller police departments. Efficient memory media and 
device miniaturization are two primary reasons for this amazing devel
opment in computerization. Second, computer networking and distributed 
processing will allow peee functions to be decentralized yet coordin
ated. In a distributed system, data communication and data base manage
ment functions are performed by a number of small computers which are 
connected. Third, sophisticated terminals will facilitate tnter
actions with the computer-based peee system. These terminals 
include intelligent interactive graphics terminals, magnetic card 
readers, optical character readers, and voice data entry terminals. 

In conclusion, the reader should be cautioned that, although vendors will 
always speak highly of peee applications which make use of new techno-
logical advances, it is important that these applications are carefully 
tested and evaluated before their widespread adoption. The opportunity 
for technical advances undoubtedly existsand will continue in the future; 
however, technological innovation should not be implemented simply for the 
sake of change. 

*James M. Tien, James W. Simon and Richard C. Larson, An Alternative 
Approach in Police Patrol: The ~ilmington Split Force Experime~t~ 
Washington, D.C.: National Instltute of Law Enforcement and erlmlnal 
Justice, April 1978. 

**M.F. eahn and J.M. Tien, An Alternative Appraoch in Police Response: 
The Wilmington Management of Demand Program, Cambridge, Mass: Public 
Systems Evaluation, Inc., PPR-8104, March 1981. 
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4.4 FUTURE RESEARCH NEEDS AND RECOMMENDATIONS 

This report has already pointed to a number of important issues 
requiring further,study and ~o a number of potential impacts stemming 
from the use and lmplementatl0n of PCCC tec~nology. This section will 
not repeat these issues, but will instead focus on two areas which seem 
to be of special importance. First, additional evaluation research 
should be conducted to examine the use, benefits, and cost of PCCC 
technology; and second, a clearinghouse function should be established 
to ~acilitate the transfer of PCCC experience and technologies between 
pollce departments and state and local law enforcement agencies. Each 
of these items is discussed below. 

4.4.1 FUTURE PCCC EVALUATIONS 

As.highlighted throughout thi~ study, there have been very few 
evaluatlons of PCCC ~vstems. Further, where studies have been done, 
~hey have generally been descriptive, with little effort to examin~ 
lmpacts in terms of outcome of systemic measures. Few cities have kept 
track of.cost data for their systems, and almost none has gathered 
systematlc before-after performance data. PCCC system success is 
us~ally determined by whether or not a system operates. To go beyond 
thlS, to calculate second-order performance measures often presents 
some difficulties--first, in choosing appropriate evaluation method
ology, and, second, in obtaining the trust of those being evaluated. 
There is a strong need for furthpr PCCC evaluations and for a common 
evaluation design which focuses not only on input and process measures, 
but also on outcome and systemic variables. 

This project has developed one possible framework for a "single PCCC 
project evaluation design". Outlined in a separate volume*, the steps 
proposed in such an evaluation include:** 

• identifying the general hypotheses or objectives to be 
evaluated; 

*Kent W: Colton and Bruce T. Dunn, A Single Project Evaluation Design 
for Pollce Command, Control, and Communications Systems, Cambridge, Mass.: 
Public Systems EValuation, Inc., September 1980. 

**Obviously, there are a number of ways to conduct a PCCC evaluation. 
The steps ?utline~ h~re generally follow a traditio~al scientific approach 
to evaluatlon, bUlldlng on the measures framework dlscussed elseWhere in 
the report with input, process, outcome and systemic measures. Further, 
one of the strengths of the evaluation plan is that it stresses multiple 
evaluation methods. Still, since there are so many approaches to evaluation, 
the need for flexibility in using the evaluation design is essential. We 
think the approach we outline could provide a consistent framework for eval
uation and comparison, but it is certainly not the only framework possible. 
At a minimum, though, it should provide a place to start and an important 
checklist of factors to consider. 
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• identifying the relationships between the various PCCC 
technologies and these hypotheses; 

• avoiding pitfalls which might threaten the validity of 
tile evaluation; 

• selecting a proper evaluation design to control for or 
avoid such pitfalls (threats to validity); 

• outlining specific measures which can be used to evaluate 
each hypothesis; 

• selecting methods to obtain these measures; and, finally, 

• analyzing the data in order to confirm or reject each 
~ hypothesis or PCCC-related objective. 

At the heart of such an evaluation is an effort to measure the impact of 
PCCC systems as they relate to input, process, outcome, and systemic 
variables. 

The single project evaluation design identifies a number of hypo
theses relating to the potential impacts of PCCC systems. These hypo
theses include claims that PCCC systems will: improve communications 
capabilities; improve the availability, accuracy, an~ ma~ntenance of 
information; reduce response time; improve the coordlnatlon of emergency 
services; improve the management ~f police deman~; i~prove the ~anagement 
of police resources; improve serVlce to the publlC; lmprove offlcer 
safety; and increase the flexibility and transferability of the communi
cation system. 

One of the primary aims of additional research and evaluation 
studies should be to test these hypotheses and then to consider whether 
or not the benefits of PCCC systems justify the costs expended. The 
results of this assessment have already shown that the answers to these 
questions will probably vary significantly from P?lice dep~rt~ent to . 
police department, depending upon the philosophy lnvolved In lmplementlng 
the PCCC system, the nature of the department, and a number of other 
factors. While it is almost impossible to state absolutely that the 
benefits of a system justify the cost, it is possible to compare actu~l 
benefits to alternative uses of the same dollar amounts. Based on thlS 
type of information, law enforcement managers can then make a judgment 
as to which alternative use is best.* 

*An illustration of this is prJvided in Colton and Dunn (A Single Project 
Evaluation: Design for PCCC Systems) where the costs of the PCC~ ~ystem 
in Huntington Beach, California are compared to the costs of addltlonal 
dispatchers if the old manual system had remained, or to the annual costs 
of operating a certain number of one- or two-person patrol cars on a 
round-the-clock basis. Such an evaluation approach does not allow a mana
ger to reach an absolute conclusion as to which use of the money is best, 
but it does allow a more informed judgment comparing two alternative 
choices. 
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The necessity for PCCC system evaluations is relevant not only to 
individual police departments, but to the law enforcement and public 
safety communities at large. We have learned a great deal about PCCC in 
this Phase I assessment, but a number of issues remain for further 
evaluation. For example: 

• A number of input objectives/hypotheses for PCCC systems seem to 
have been met, but process, outcome, and systemic concerns are 
often unresolved. These second-order measures require additional 
examination. 

• There appears to be some evidence that PCCC systems may lead 
to a greater coordination of public safety services (i.e., 
betw~en police, fire, ~merg~ncy.medical services), although 
the lnfluence to date ln thlS dlrection has been slow. 
Evaluation is required in order to determine whether or not 
this is happening, and, more importantly, to determine what 
linkages are most important. 

• Some PCCC efforts are moving toward regional communications 
~ystems. The success or failure of such efforts, though, 
lS undocumented ar.d requires further evaluation to understand 
what has happened and whether or not it deserves further 
promotion. What is the size--in terms of area, population, 
police services, etc.--of an optimal RCS? 

• Although the preponderance of PCCC efforts to date have been 
in larger cities, an increasing number of smaller cities seem 
to be involved. Do the benefits of PCCC justify the costs 
for a city with a population less than 100,000 or less than 
50,000? 

• Appendix A outlines preliminary factors to assist cities in 
predicting the costs of implementing and maintaining a CAD 
system, but it is only a beginning. Further research is 
necessary both to help cities to realistically estimate future 
costs and to evaluate the benefits of alternative uses of 
their resources. 

• Finally, although very few cities are taking advantage of 
the technology to establish an "intelligent" CAD or to 
creatively manage police demand, a number of cities have 
implemented parts of such systems. What is involved in 
moving to the next level of technology use? Research will 
undoubtedly be required if we are ever to develop a PCCC 
system which is integrated, proactive, and flexible. At 
the same time, how likely is it that the institutional, 
managerial, and behavioral difficulties can be overcome 
to establish such an "intelligent" PCCC system? 

In conducting such further research (in essence, a Phase II evaluation) 
it will be especially important to obtain a cross-section of case studies ' 
or system evaluations in cities of different sizes and with PCCC systems 
of different ages. City size is important to more closely examine the 
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application of different technologies to jurisdictions with varying pop
ulation and call-for-service demands. System age has importance both 
in testing the continuity and longer term utility of systems, and in 
terms of data availability. If a system has been established for a long 
period of time (e.g., Huntingtol~ Beach, Dallas, Cranston, North Las Vegas), 
the operation and maintenance can be reviewed over a long period of time, 
although systems established many years ago are also less likely to have 
up-to-date information to facilitate an in-depth before-after analysis. 
For systems still in the implementation process (e.g., Columbus, Okla
homa City, Los Angeles), it may be possible to collect information prior 
to implementation so that before-and-after comparisons can be made. 

4.4.2 A CLEARINGHOUSE FUNCTION FOR PCCC 

As noted earlier, the question in many police departments is not 
an automated PCCC system will be established, but when and with what 
impact. However, we have also discussed a number of issues, questions, 
and potential problems that can arise in such implementation and the 
report has noted the tendency thus far to "reinvent the wheel." With 
the exception of vendor-related transfers, direct efforts toward tech
nology and the user through a facilitator role for some organization which 
is neutral to the systems being installed. At least three steps should be 
part of this role: 

First, a planning document should be developed for law enforcement 
agencies which clearly describes the various PCCC technologies and 
presents specific steps to be followed in designing and establishing a 
PCCC system. The material in this report is a useful first step to such 
a document. However, it needs to be rewri tten as a lIusers • manual·· in order 
to provide police departments with specific information to determine whether 
they need to automate or modify their PCCC system, and then to help them 
carry out and evaluate their decisions. 

The second step in the clearinghouse process is to keep current 
with respect to PCCC developments and to communicate this information 
to the law enforcement community. A regular newsletter might be estab
lished to monitor the status of PCCC applications and the developments 
in PCCC technology nationwide. 

Finally, the last and most important role would be the facilitator/ 
referral role. In the past, technical assistance has been tried as a 
means of helping police departments develop PCCC and other technologies. 
We are not advocating an extensive technical assistance role in this 
case; rather, we suggest a more formalized referral system--in essenc~, 
an effort to "institutionalize ll what is already happening on an occaslonal, 
informal basis. A city interested in setting up a PCCC system could contact 
the clearinghouse to identify which cities have similar needs, interests, 
philosophy towards PCCC, etc. Utilizing this knowledge, as well as the 
"users· manual" and newsletter, departments with similar experiences could 
be introduced to help each other. A few regional workshops may also be 
appropriate to stimulate this exchange. 
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4.5 CONCLUDING THOUGHTS 

As we look to the future, we should remember that the use of 
PCCC technology is still in its infancy. The first commercially sold 
computer, The Universal Automatic Computer, or Univac I, was built 
only 29 years ago in 1951. The third generation of computers has been 
commercially available only since the late 1960s. Perfection should not 
be expected in an area so young and rapidly changing. However, 
a certain mystique (as well as commercial force) surrounding the applica
tion of computers has led to high expectations and, in many cases, to 
oversell. This report has shown that the reality uf the state of the 
art is often far less than the general impression portrayed in the 
literature--and thus there is a need for continued, ongoing evaluation. 

Second, to the extent that evaluation efforts have been conducted, 
they have tended to demonstrate that actual performance has fallen below 
initial expectations--especially when one goes beyond the input objec
tives of such systems and begins to review process, outcome, and systemic 
results. For example, the hoped-for response time benefits of AVM and 
the objective of MDC to reduce radio air time have not been achieved. 
This does not mean that AVM or MDC should be discarded, but it does imply 
that if these applicat~ons are to prove cost effective, the initial 
objectives will need to be modified and reoriented in order to empha
size areas with greater potential. This discovery once again highlights 
the importance of effective and meaningful evaluations. 

Thi rd, one of the primar'y factors whi ch seems to contri bute to the 
dearth and ineffectiveness of past evaluations is the lack of a common 
study framework. If effective evaluation is to occur in the PCCC area, 
a common framework such as the one developed in this report should be 
established so that different police departments and outside evaluators 
can rely on a somewhat standard format when collecting data, conducting 
evaluations, and comparing results. With this in mind, we have tried to 
outline identified measures and reported results in each of the PCCC 
application areas. Although there are obvious gaps in terms of the 
evaluation efforts that have been conducted to date, the various measures 
and exhibits have been developed not only to describe the current 
state of knowledge but to assist others who may be conductinq future 
evaluations of PCCC applications. They may serve as a checklist for 
such an evaluation, and, at a minimum, as a basis for discussion. 

Finally, it should be clear that the implementation of new tech
nology, such as that in the PCCC area, involves more than technical 
expertise. Too often it is assumed that the diffusion of technological 
innovation can be initiated from above; it is believed that the mere 
existence of the technology will prove its worth. Failure to rEcognize 
many of the complexities and motivations surrounding the implementation 
and use of technology can prove disastrous. In implementing and evaluating 
PCCC applications in the future, it should be clear that technological 
changes often result in behavioral and power shifts. This is especially 
true as PCCC use moves toward integrated, proactive, flexible systems 
and away from the computeri zed Ilconveyor be It" approach. 
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In conclusion, the greatest strengths of computer technologies seem 
to be closely related to their greatest weakness. Computers have the 
potential to aid in criminal justice activities through rapid communi
cations, more accurate and complete information, and perhaps a ll~ore 
rational approach to decision making. The benefits of PC~C.technolo$y 
demonstrate the potential in these areas, but there are llmlts to thlS 
technology. If not properly controlled or planned, the benefits may 
result in misuse, unintended consequences, wasted results, and frus
trations. Expanded computer use in PCCC systems by the police is at a 
crucial point, anc now is the time to point to a new direction, one 
aimed towards careful implementation, detailed performance standards 
and interchange of ideas. Such a new direction requires careful con
sideration so that the strengths of techno10gy can be judiciously mar
shalled and the weaknesses and potential risks prudently forestalled. 
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APPENDIX A 

CAD SYSTEM COSTS 

A.l INTRODUCTION 

Appendix A presents a preliminary analysis of CAD system costs and 
outlines a method for estimating related capital and operating costs over 
the lifetime of the system. The methodology is intended for budgeting and 
planning purposes. Although it is not intended to be predictive, it should 
provide a reasonable estimate of the range of costs that agencies can expect 
to pay for CAD system installations. The primary deficiency of the effort 
is the general lack of a broad data base of CAD system costs and the rela
tive absence of current data. Still, even though the information contained 
in this chapter is based on a somewhat limited sample of 13 agencies, it is 
the first published effort to systematically review CAD costs, and as such 
it should provide valuable information to police and public safety agencies 
considering the installation or evaluation of a CAD system. 

The costing methodology outlined here is applicable primarily to 
agencies serving populations ranging in size from around 50,000 to 700,000. 
Agencies serving populations outside this range have special needs and 
therefore deserve a separate cost analysis from the one presented here. 

CAD system costs include any directly related costs for files such as 
geocoded or address files necessary to support the dispatch function, but 
they do not include costs for information files on wants, warrants, etc., 
even though the CAD system interfaces with such files. The software costs 
include costs for a limited number of basic management information reports, 
but it is assumed that extended analysis of data captured by the CAD system 
will be performed off-line, or by data processing departments within the 
agency. 

This Appendix develops functional cost structures for CAD capital and 
operating costs, based on detailed cost data obtained from 13 agencies 
that installed CAD systems in the past six years.** These agencies serve 
populations from 45,000 to 650,000. In all but one case, cost values were 
taken from actual contract costs or from fixed price bids submitted by 
vendors in response to solicitations. 

Most CAD systems represented in this data set were installed in 
1974-1977. Extrapolation of total system costs to 1980 levels was made 
by adjusting the original costs according to the rise in the Consumer Price 
Index (CPI). However, basic changes in computer hardware and software costs 
over the past five years are more difficult to account for than simply work
ing adjustments for inflation as reflected i~ the CPl. Costs for computers 
of a given capacity generally have declined, but the data available to 

*The principal author of this chapter was Robert L. Sohn, Jet Propulsion 
Laboratory, California Institute of Technology. He was assisted by Kent W. 
Colton. Research for the chapter was also conducted principally by Robert L. 
Sohn with the assistance of Kent W. Colton and Bruce T. Dunn. 

**For the purpose of this report, most of the 13 agencies have requested 
that they remain anonymous. 
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measure this trend indicate that agencies may tend to purchase 
equipment of larger capacity; hence, system costs may not reflect the 
generally lower hardware costs. Software costs have risen significantly 
in the past few years but, again, this trend may not have been experienced 
in CAD system applications because in many cases vendors developed basic 
software systems in earlier efforts and have therefore written off many of 
the earlier development costs. 

In performing the analysis, costs have been correlated with popula
tion served rather than the number of incidents or the number of dispatches 
because of the wide variation in the number of incidents and dispatches per 
capita from one agency to another (due in part to the different interpreta
tions given to the terms lIincident ll and IIdispatch ll

). Nevertheless, the 
size and cost of CAD systems are more properly functions of the incident/ 
dispatch loads on the systems. In the future, further analyses should be 
conducted to interpret the reported data on a more consistent basis related 
to the dispatch center workload. 

In outlining CAD cost considerations, we will use a modular approach. 
Such a modular cost model has the advantage that CAD-related costs can be 
readily separated from non-CAD-related costs. Within the CAD system cost 
structure, several account cod~s have been defined based on vendor practice 
to give further visibility to system costs and to facilitate tradeoffs among 
system implementation options. 

The reader should note that linear reqression is used to identify relation
ships between PCCC costs and the populations of the respective jurisdictions. 
These relationships are derived from historical statistics and cannot be 
used to precisely predict the future. The linear regression analysis will 
show a correlation between the population of a jurisdiction and PCCC costs, 
but it does not indicate a cause-and-effect relationship. Still, such 
equations can provide agencies with a IIballpark ll estimate as to the range 
of costs they n,ight expect if they establish a CAD system, as well as a 
methodology for developing cost categories and cost estimates. 

A.2 CAPITAL COST ANALYSIS 

Capital costs include those expenses incurred by the agency in the 
design, development, procurement, installation and testing of the CAD 
system prior to the start of regular operations. Included are costs for 
complaint answering, dispatch stations, and supporting equipment, but not 
data base systems for nondispatch-related record keeping or detailed manage
ment analysis functions. Costs for communication system equipment, to 
which the complaint/dispatch system interfaces, are also not included. 

Analysis of numerous CAD procurements indicates that a suitable cost 
structure can be developed using the following elements: 

-Hardware (less consoles); 
-Software; and 

-Engineering Services (including integration and subsystem 
interface, documentation, acceptance testing, phaseover and 
initial operations support, and project management.) 
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Facility costs are not included in the model since they depend on whether, 
and to what extent, existing facilities are used; such costs should be 
addressed by agencies un the basis of the~r individ~al needs o~ p~ans. 
Communication console costs are also not 1ncluded Slnce the maJor1ty o~ 
the costs are usually attributed to communication equipment installed 1n 
the console for radio reception and transmission, channel selection, and 
telephone terminals and patch panels. However, examples of console ~osts 
have been extracted from a number of bid packages and are presented 1n the 
following section. 

Bid solicitation response data, summarized in Exhibit A.l were obtained 
from 13 agencies that had installed CAD systems in the past six years. Since 
in some cases more than one bid was obtained for the same system, a total of 
21 data sets were acquired from these 13 agencies. 

An attempt was made to correlate system costs to system loading, but 
because consistent system loading statistics were not available, system 
costs were instead correlated with population served. The results of the 
correlations for hardware, software, installation and services, and total 
costs, respectively, are summarized and plotted in Exhibit A.2. All data 
points used in computing the correlations and listed in Exhibit A.2 have 
been adjusted to the 1980 Consumer Price Index (CPI) level to account for 
the effects of inflation since the systems were installed. The ratios used 
to make these adjustments are given in the following table: 

YEAR 
INSTALLED CPI (ave.) CPI/CPI80 

1974 1.477 1. 676 
75 1.613 1.535 
76 1.724 1.436 
77 1.818 1.362 
78 1.967 1. 259 
79 2.166 1.143 
80 2.476 1.000 

(Source: Bureau of Labor Statistics) 

Several cases in Exhibits A.l and A.2 deserve additional exolanatinn. 
Case 9 costs are noted~e cons1derably below the empirically predi~t~d 
values. This can be attributed to two factors. First, the sys~em ut1l~zed 
the municipal central data processing computer to support certa1n f~nct1ons, 
thus reducing the loading on the CAD computers. Second, t~e procur:n~ 
agency announced in advance that funding for the installat10n was llm1ted. 
This strategy apparently forced software and installation service costs 
to the minimal levels shown. 

Cases 5 8 and 10 exhibit low hardware or tctal costs. Discussions 
with the vendor~ indicate that these are minimal systems (single CPU), and 
required few modifications of previous designs, i.e., the systems were 
essentially off-the-shelf installations. While these ca~es may n~t ~e. 
indicative of trends toward standardization, they emphas1ze the slgn1f1cant 
cost savings achievable with off-the-shelf installations. 
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Exhibit A.l 

CAD System Costs 

Costs ($1000s) 

Population 
Services(2) Consoles(3) 

Year Number of Consoles .Case (1000s~ Hardware Software Total Installed Com[!laint Dis[!atch 
1 45 36.0 18.0 9.0 63.0 1974 - 2 -
2(4) 82 279.7 139.0 53.7 472.4 1980 3 2 
3 108 198.6 - 159.7 - 358.3 1980 3 2 
4 147 140.5 47.1 33.0 220.6 1974 2 2 
5 155 73.4 - 64.2 - 137.6 1980 3 3 
6 (a)(I) 176 180.6 40.0 52.1 272.7 1976 NA (b) 184.7 48.3 14.0 247.0 (c) 307.9 10.0 35.9 373.8 
7 200 179.1 65.4 44.1 288.6 1975 6 6 
8 275 229.5 - 165.7 - 395.2 1980 8 3 
9 (a) 338 283.7 10.3 53.9 347.9 1975 10 3 (b) 213.1 71.5 36.2 320.8 (c) 225.0 63.4 25.1 313.5 

10 380 326.0 1980 11 5 
11 (a) 443 567.0 170.0 170.0 354.0 907.0 1978 9 7 (b) 659.0 197.0 188.0 320.0 1044.0 
12 (a) 554 395.3 231.7 147.7 212.9 774.7 1975 12 6 (b) 464.2 138.8 41.0 530.8 644.0 (c) 503.0 63.8 197.0 377 .0 763.8 (d) 370.7 149.1 172.0 300.3 691.8 
13 650 650.0 - 300.0 - 350.0 950.0 1977 12 10 

1. Cases (a), (b), etc .• represent individual vendor bids for the same system. 
2. Services include installation, testing, documentation, phaseover, and project management. 
3. Althouqh listed in the table, console costs are nat included in the total costs. 
4. Case (2) comprises a combined police, fire and record~ system; it is presented for interest, but is not 

included in the regression analysis. 
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In summary, using the correlations of Exhibit A.2, the capital cost 
equations can be stated as: 

Hardware cost (1980) = -24.0 + 1.250 P 

Software cost (1980) = -13.3 + 0.495 P 

Service cost (1980) = -46.4 + 0.895 P 

where costs are in thousands of dollars, and P = population in thousands. 

The best fit for total system costs as a function of population served 
is: 

Total CAD system cost (1980) = -2.4 + 1.989 P 

. For system sizing purposes, it is of interest to relate the number of 
dlspatches pe~ yea~ ~o the population served by the agency. Data from PSE's 
surveys and s1te V1S1tS were used for this purpose and indicate that on 
th~ average.ar~und 525 dispatches per year were made per 1000 population. 
ThlS value 1S lndependent of the population level for the data set given. 

A.3 CAPITAL'COST TRENDS 

A~ noted in Section A.2, the data set used in the above correlations 
was adJ~sted by appropriate CPI ratios to the 1980 time fram~. Thus in 
d~veloplng the CAD s~stem cost ~orrelations, it has been assumed that infla
t10~ was the only maJor factor lnfluencing these costs over the time period 
of lnterest, and that other factors such as generally lower computer hard
wa~e costs a~d s~ftw~r~ standardization have not had a major impact. Is 
thls assumptlon Justlfled? 

Turning first to c?mputer hardware costs, these have in fact been 
reduced over th~ past flve years: CPUs of a given capacity are considera
bly l~ss espens1ve.now than mach1nes of the same capacity that were avail
a~le ln 1975. Per1pheral costs,.however, have not experienced equal reduc
tlons. We have noted that agenc10s do not always take advantage of these 
19we~ costs ~ut opt.for hardware of greater capacity to provide more mar-
gln 1n handl1ng proJected loads, to accommodate geo files etc. A com arison 
of cases 11 (1978) an~ 12 (1~75) indicates that although the pOPulatio~ 
served by the form~r 1S cons1derably less, its system capacity in terms of 
the.number of term1nals.handled, file sizes, CPU speed, number of communi
cat10n port~, and geo f1le accommodation, is considerably greater. Potential 
~ost reduc~10ns fo~ case 11, therefore, were absorbed by the significant 
1~creases.1n ca~ac1ty. Cases 5 and 8 (both 1980), are minimal installations 
(no geo f1le, slngl~ CPU), that have considerably below-average costs. Thus, 
lower co~ts are a~h1evable but depend on agency needs. The cost of the 
a~erage.1ns~allat~on, however, has not been reduced over the years but has 
r1sen w1th 1nflat10n. 

Although d~ta on recent installations was limited, a brief analysis 
was mad~ to ver1fy the assumed cost trends. Correlations of cost versus 
populatlon served were made assuming no inflation adjustment, 50 percent 
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CPI adjustment, and full CPI allowance. ~he resulting correlat~on factors 
were 0.853, 0.880, and 0.899, respective:y, which tends to conf1rm the 
recommended full CPI adjustment. The optimum is not sharply defined, 
however and emphasizes the need to further parameterize the design varia
tions r~presented in the data set. Thus, the indicated.trend model is rec
ommended for average installations, with the understa~d1~g.that the require
ments of the individual agency will influence costs slgn1flcantly. 

Software costs trends are more difficult to estimate. These costs, 
which are labor intensive, could normally be expected to increase directly 
with the CPl' however most vendors now have off-the-shelf software pack
ages for CAD'installations that can be o~fered ~t.red~ced prices if the 
procuring agency does not require extensl~e mod1flcatlo~s to ~he package 
and if the bid solicitation does not speclfy hardware wlth WhlCh the vendor 
has little or no experience. Most vendors tend to charge agencies for 
development or modification costs associated with individual .in~tallations, 
without attempting to recover all prior investments. Thus, lt lS reasonable 
to assume that development/modification costs have decreased as software 
packages reach an off-the-shelf maturity but that such decreases.have ~een 
cancelled by the effects of inflation. Thus, in sum, numerous dlSCUSSlons 
with CAD software vendors indicate that CAD software costs can be expected 
to increase with the CPI (as a minimum). 

As with hardware costs, correlations of software costs versus popula
tion sp.rved were made to verify the recommended cost trend relationship, 
assuming no inflation, 50 percent CPI, and full CPI adjustme~ts. The.result
ing correlation factors were 0.878, 0.894 an~ 0.899, respectlvely, Whl~h 
tends to confirm the recommended full CPI adJustment, although the optlmum 
is weakly defined. As with hardware costs~ the needs of indi~i~ual agencies 
can have a major influence on costs, and, lf an agency can utlllze a devel
oped software package with few or no modifications, ver~ app~eciabl~ sa~ings 
can be made. Thus, the recommended software cost relatlonshlp applles to 
average installations only. 

Similar analyses were made for service cost ~nd total cos~ trends; in 
both cases full CPI adjustments produced near maXlmum correlatlon factor~, 
although the optimums were not sharply defined. 

Future analyses of CAD system cost correlations are necessary to . 
improve our understanding of basic cost trends, and to enhance.co~t proJec
tions. However, as a \'!~y of summarizing the results to date, lt lS worth
while to give an illustration of the use of this information. If an agency 
served a population of 150,000,utilizing the for~ulas.listed above, they 
could expect a CAD system installation to cost approxlmately: 

Hardware $211,500 (59~~ ) 

Software 61,000 (17~:' ) 

Services 88,000 (24~; ) 

Total $360,500 
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A.4 OPERATIONAL COSTS 

Operating costs are considerabl' , 
ponderance of expenses are associate~ ~~~~ertt~f~st1mate, since the pre-
costs can be developed from the foll' s a 1ng costs. Operating oW1ng cost account code: 

• Personnel 

.. Maintenance 

• Telephones 

• Supplies 

:~f;l~;~e~o~O~!~r:;~t~~\~~c~~~e~h~nd~~~~~~~n*u~~n~n~ere since they gener-

PERSONNEL COSTS 

Personnel costs are directl '1 t d complaint operators, supervisorsY ~~da e to the number of dispatchers, 
rate of labor burden. Staffin ie 1 support persons, and to the overhead 
through the number of dis atchga dve s ca~ be rel~ted to the system loading 
A.1 indicate that thetott, numbe~ o~om~l~~nt term1~als., The data in Exhibit 
ratio of two complaint stations for e~c~ l~ns prov1ded,ls roughly in the 
of stations is equal to: d1spatch stat1on. Thus, the number 

Number of dispatch stations = 1/3 x total stations 

Number of complaint stations = 2/3 x total stations 

d All stations are rarely fully staffed but presumably staff levels. are 
~ eguate to accommodate the busiest hour 0; the 
~~~~~~!~ ~~a~a~~~eb~~~ ~~:;!s~t~~:~n~fl~~el ShOUr~a~~ a~o~~m~~~ ~~ ~~:~yses 
can be estimated as: e year. Thus, busy staffing levels 

Dispatchers = 0.70 x 1/3 x total stations 

Complaint Operators = 0.70 x 2/3 x total stations 

Supervisor = 1 (busy shift only) 

Each,position, assuming a full eight-hour shift 
requlres 1.62 persons~ based on the following: ' 

seven days per week, 

1. 

2. 
3. 
4. 

Maximum possible days per year worked by one 
on a 40-hour week = 260 person 
Vacation, holiday, and sick days per year = 34 5 
~~e~age ~umber of days worked per year = 260 -'34 5 - 225 5 
36~.~r 0 persons required to continuously staff ~ne-shift = 
225.5 = 1.62 

*See, for example, South Bay Regional Public Safet 
System, Systems Development Corporation, 1974. y Communication/Dispatch 

112 

Assume three eight-hour shifts, The second and third shifts (midday and 
evening) are usually equally busy, and require the same number of complaint 
operators and dispatchers.* The first shift is assumed to require one-half 
the staffing level required for the other shifts. Thus, a given station 
would require the following staff: 

Dispatch and 
Complaint Operators Supervisor 

First shift 0.81 0 

Second shift 1.62 1.62 

Third shift 1.62 0 

4.05 1.62 

The staffing levels are: 

Dispatchers = 4.05 x 0.70 x 1/3 x total stations 

= 0.95 x total stations 

Complaint operators = 4.05 x 0.70 x 2/3 x total stations 
= 1.89 x total stations 

Supervisor = 1.62 

Values obtained, rounded up to the nearest integer, are multiplied by the 
appropriate salary level for each staff category to obtain direct salary 
expenses. Overhead must be added to the direct labor costs to account for 
costs associated with support staff such as vacations, sick leave, holidays, 
social security and other fringe benefits. A figure of 60 percent can be 
used for total overhead expenses.** 

Utilizing the relationship derived above, then, an agency serving a 
population of 250,000 would thus have the following personnel expenses: 

(1) Total Stations 10 (Estimate based on Exhibit A.l 
and authors' judgment) 

Dispatch Stations 3 (1/3 of total stations) 
Complaint Stations 6 (2/3 of total stations) 
Supervisor Stations 1 

(2) Personnel 
Dispatchers 9 (.95 x total stations and 

rounded down) 
Complaint Operators 18 (1.89 x total stations and 

rounded down) 
Supervisors 2 

(3) Salaries 
Dispatchers $201,600 ($14,000 x 1.6 x 9 dispatchers) 

(@ $14,000/yr) 
Complaint Operators 288,000 ($10,000 x 1.6 x 18 complaint 

(@$10,000/yr) operators) 

*This is an approximation, since the second shift usually handles more complaints, 
but the busy hour can occur in either shift. 
**South Bay Regional Safety Communication/Dispatch System, Systems Development 
Corporation; adjusted for CPl. 
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Supervisors 
(@$24,000/yr) 

76,800 ($24,000 x 1.6 x 2 supervisors) 

TOTAL PERSONNEL EXPENSES $566,400 per year 

Maintenance Costs 

Maintenance costs are generally a function of the hardware capital cost 
and are usually estimated as a percentage of hardware cost. The bid solici-' 
tation response data summarized in Exhibit A.1 contained several quotes for 
maintenance costs. These were analyzed and converted to a percentage of the 
hardware costs as follows:* 

Case 

4 
9 (a) 

(b) 
(c) 

11 (b) 
Other** 
AVERAGE 

Maintenance Cost Per Year 
(Percent of Hardware Cost) 

5.89 
11.10 
12.70 
8.69 
7.30 

10.00 
9.26% 

From Sect~on 4.2, 1980 CAD system hardware costs for an agency serving 
a populatlon of 250,000 would be approximately $336,500. Yearly mainten
ance costs, then, would be 9.6 percent of this, or approximately $32,300. 

Telephone Expenses 

,These expe~ses will vary considerably from agency to agency, due 
to ~lfferences ln n~mbers of lines and in rates. An agency serving a popu-
1atlon of 250,000 mlght have the following monthly telephone expenses: 

Service 

Private voice lines (10) 
Private data lines (5) 
Long distance charges 
Equipment rental 

TOTAL 

Supplies 

Monthly Charge 

$600 
300 
300 
800 ---

$2,000 

Supplies for the above agency can be estimated to cost about $10,500 
per year. 

*Maintenance quotes as listed here apply only to maintenance of CAD. 
They do not include maintenance of consoles, facilities, or communica
tions/radio equipment. 

**Ba1timore County, 1979. 
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For the agency serving a population of 250,000, annual operating costs 
associated with the CAD system can be summarized as: 

Personnel (including overhead) 
Maintenance 
Telephone 
Supplies 
TOTAL 

A.5 LIFE CYCLE COSTS 

$566,400 
32,300 
24,000 
10,500 

$633,200 

The foregoing models have dealt with initial capital costs and 
recurring annual operating costs. These can be combined, using the 
following n~thods, to give life cycle costs (LCC) -- the present value of 
all system related costs as of the start of operations. The present-value 
technique greatly facilitates comparisons of alternative system installations 
that have dissimilar capital costs and future espense streams. 

As an example, the simplest case is that involving an initial capital 
expenditure followed by recurring annual operating costs at a constant level 
over the lifetime of the system. The present value sum of the operating 
expenses is given by: 

where: 

PV(OC) = oc xlI - (1 + i)-n 
i 

OC = annual operating costs 

= discount rate 

n = system lifetime in years 

The life cycle cost for the system is then equal to the initial capital 
expenditure plus the present value of the operating cost stream: 

LCC = Capital Cost + PV(OC) 

For the example given above for an agency serving a population of 250,000, 
the costs are: 

CAD system cost (1980) = $494,900 

Operating costs per year = $633,200 

For a 10-year system life and a discount rate of 10 percent, the present 
value of the operating expense stream is: 

PV (OC) = OC x 6.15 = $3,894,200 

and the total life cycle cost is: 

LCC = $494,900 + $3,894,200 = $4,389,100 
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A planner frequently must compare implementation alternatives involv
ing systems of differing initial costs and operating expenses. For example, 
an alternative to the above system may have the following costs: 

CAD system cost = $750,000 

Operating costs per year = $450,000 

The life cycle cost for this alternative is: 

LCC = 750,000 + 6.15 x 450,000 = $3,517,500 

which is considerably less expensive than the first alternative. 

The above examples indicate that for the CAD system installations with 
lifetimes of 10 years and over, life cycle costs tend to be dominated by 
operational and maintenance costs rather than initial capital costs. In 
the first example, operating costs are 89 percent of the total LCC over a 
ten-year period. In turn, operating costs are made up largely of personnel 
costs (89 percent). Thus, the capital costs for CAD systems may be recov
ered easily if actual reduction in operating personnel requirements can be 
made with the installation of a CAD system. 

A.6 IMPLICATIONS AND CONCLUSIONS 

Appendix A has presented an analysis of CAD system costs, and 
outlines a method for estimating capital and operating costs over the 
lifetime of the system. The information is only preliminary and is 
the first published effort to document CAD system costs. 

A formula which allows an agency to consider system costs as a 
function of population has been developed. For example, a CAD instal-
la~ion serving a population of 100,000 might cost approximately $196,500, 
whlle a system for a population of 250,000 might cost approximately $494,900. 
Annual operation costs for the latter installation would be approximately 
$633,200, of which nearly 90 percent are related to personnel expenses. As 
mentioned earlier, the cost formula developed here is based on linear re
gression and cannot be used to precisely predict the future or to derive 
a cause-effect relationship. However, such numbers can give a police depart
ment a rough estimate of the costs to establish a new CAD system. They can 
also be compared to actual vendor bids to evaluate whether the bids are low 
or high based on the experience of the other agencies. 

A methodology for developing basic cost categories and for estimating 
CAD life cycle costs (LCC), also has been presented. Although these basic 
cost categories and LCC techniques are not used widely now, we would strongly 
recommend their use in the future since they greatly facilitate the comparison 
of alternative CAD system installations that have dissimilar capital costs 
and future expense streams. The LCC methodology also helps to illustrate the 
important point that CAD system cost with lifetimes of 10 years or more 
tend to be dominated by operational costs, which in turn are made up primarily 
of personnel and maintenance expenses. 
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The data trends also indicate that CAD system costs are lower proportion
ately for agencies serving small populations. A city of 45,000 reported a 
total cost of $63,000 for a CAD system (1974), including.a sof~war~ cost of 
only $18,000. This cost is reasonably affordable to citles thlS Slze and 
smaller' also smaller agencies may be able to more readily adapt to off
the-shelf CAD systems. If these cost numbers are representative, it seems 
that the cost barrier to the small agency rnarket -- agencies serving popu
lations less than 50,000 -- may have been reduced. This is significant 
since many of the large cities have already installed CAD systems.and smaller 
cities now comprise an important part of the future market for thlS technol-
ogy. 

Finally, the analysis and supporting data reported in this ~ppendix 
should be us~ful to managers and planners of public safety agencles; how
ever, the research is only preliminary and should be continued in order to 
substantiate or repudiate the initial findings. It is also recom~ended 
that additional research be initiated on multi-community and multl-agency 
CAD system costs to study the effects of consolidation on costs for public 
safety dispatch functions. 
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APPENDIX B 

REPORTED APPLICATIONS FOR PCCC SYSTEMS 

CAD: Reported Applications 

Breakdown of CAD by City and County Size 

MDC: Reported Applications 

Breakdown of MDC Applications by City 
and County Size 

911: Reported Applications in 
Larger Citi es 
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Exhibit 8.1 
CAD: Reported Applications 

£ iti es 

Over 1 Mi 11 ion 

Chicago, Illinois 
Detroit, Michigan 
Houston, Texas 
Los Angeles, California 

New York City, New York 
Philadelphia, Pennsylvania 

500,000 - 1 Million 

Baltimore, Maryland 
Boston, Massachusetts 
Cleveland, Ohio 
Columbus, Ohio 

Dallas, Texas 
Denver, Colorado 

Honoh'lu, Hawaii 
indianapolis, Indiana 
Jacksonville, Florida 
Kansas City, Missouri 
Memphis, Tennessee 
Milwaukee, Wisconsin 
New Orleans, Louisiana 
Phoenix, .Arizona 
Portland, Oregon 
St. Louis, Missouri 
San Antonio, Texas 
San Diego, California 
San Francisco, California 
San Jose, California 
Seattle, Washington 
Washington, D.C. 

250,000 - 500,000 

Akron, Ohio 
Albuquerque, New Mexico 
Atlanta, Georgia 
Austin, Texas 

Operational 
CA,,-D __ _ 

no 
x 

no 
(xl 2 

x 
x 

no 
x 

no 
(xl 

x 
(xl 

no 
x 
x 

no 
(xl 

x 
x 
x 

no 
x 
x 

no 
x 
x 
x 

no 
no 
x 

no 

Burroughs/aoeing 

Digital/SOC 

IBM/IBM 
IBM/ADL Systems 

Data General/ADL Systems 

Digital/General Electric 

I -TEL/In-House 
---/Mauc h 1 y-Wood, City Data Services 

Interdata/Gr.neral Electric 
Burroughs/In-House 

---/---

Digital/PRC-PMS 
Interdata/ln-House 
Vari an/Boei ng 

I BH/l n-House 
Digital/Motorola 

Digital/Kustom 
Di g i ta 1 / Kus tom 
IBM/Modular Computer Systems 

---/---

lThis table includes all cities with population greater than 250,000, whether 
or not' ley are reported to have CAD systems. 

2(xl indicates that CAD is in the process of belr'] im[11elllented. 

Telephone survey 
Letter to PSE from [101 ce department 
Letter to PSE from pol ce department 
Letter to PSE from pol ce department 

Preliminary site visit 
Site visit 

Letter to PSE from police department 
Preliminary site visit 
Letter to PSE from pol ice departillent 
Letter to PSE from pol ice department 

Site visit 
Si te visit 

Letter to PSE from pol ice department 
Site visit 
Letter to PSE from police department 
Letter to PSE from police deparbnent 
Letter to PSE from police department 

Comments 

CAD in planning stagP5 
CliO to be opPrational 

by 9/81 

CAD to be operational 
by 1/81 

Uncerta in when CliO wi II 1,(' 
fullyoperntional 

Phone call to police departlllent 
Phone ca 11 to pol ice depa r tme!l t 
Letter to PSE from pol ice department Joint wi th ~lul tnollwh (Ollilty 

Site visit 
Site visit 
Site visi t 
Telephone survey 
Telephone survey Run by Santa Clal-a (Olillty 

T~lephone survey 
Letter to PSE frolll police department 

Letter to PSE from police department 
Letter to PSE frolll police departlllent 
Letter to PSE from police de[1artment 
Letter to PSE from pol ice department CAl) planned fOI- Spl"inq. IQr.2 

---.r.- .. 
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Cities 

Baton Rouge, Louisiana 
Birmingham, Alabama 
Buffalo, New York 
Charlotte, North Carolina 
Cincinnati, Ohio 
Dayton, Ohio 
El Paso, Texas 
Fort Worth, Texas 
Jersey City, New Jersey 
Las Vegas, Nevada 
Long Beach, California 
Louisville, Kentucky 
Madison, Wisconsin 
Miami, Florida 

Minneapolis, Minnesota 
Nashville, Tennessee 
Ne~lark, New Jersey 
Norfolk, Virginia 
Oakland, California 
Okl ahoma City, Okl ahoma 

Omaha, Nebraska 
Peoria, Illinois 
Pittsburgh, Pennsylvania 
Rochester, New York 
Sacramento, California 
st. Paul, Minnesota 
Tacoma, Washington 
Tampa, Florida 
Toledo, Ohio 
Tucson, Arizona 
Tulsa, Oklahoma 
Virginia Beach, Virginia 
Wichi ta, Kansas 

Albany, New York 
Camden, New Jersey 
Colorado Springs, Colorado 
Fort Lauderdale, Florida 
Fresno, California 
Garden Grove, California 
Ga rl and, Texas 
Glendale, California 
Greensboro, North Carolina 

/lampton, Virginia 
/luntington Beach, California 
Jackson, Mississippi 

Operational 
CAD 

no 
x 

no 
x 

no 
no 
no 
x 

no 
x 
x 

no 
x 
x 

x 
no 
x 

(x) 
x 

(x) 

no 
x 

no 
no 
no 
no 
x 

no 
no 
x 
x 
x 

no 

x 
x 

(x) 
no 
x 
x 
x 
x 

(x) 

x 
x 
x 

Exhi bit B .1 
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Manufacturer/Installer 

I B~I/ In-House 

Burroughs/SOC 

IBM/Apogee Systems 

Digital/Kustom 
Digital/PRC-PMS 

Burroughs/In-House 
Digital/E-Systems 

Data General/ADL Systems 

Data General/Urban Sciences, Boeing 
IBM/---
Data General/Boeing 
Digital/General Electric 

Varian/Automated Systems 

Digital/PRC-PMS 

Digita 1 /PRS-Pf1S 
Data General/In-House 
Di g ita 1 motoro 1 a 

Xerox/In-house 
Xerox/Xerox 
---/---

Dig ita I /Kus tom 
Kustom/Conununity Technology 
I B~1/ I Bt1 
Dig ita I IV-us tom 
---/TheorPIIl, AD!. Systems 

I B~1/~10 taro I a 
DI3iLal/Motorola 
Diyital/MoLorol~ 

Letter to PSE from pol ce department 
Letter to PSE from pol ce department 
Letter to ~~E from pol ce department 
Site vi s it 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from pol ice department 
Site visit 

Telephone survey 
Telephone survey 
Site visit 
Letter to PSE from pol ice department 
Site visit 
Letter to PSE frum pol ice department 

Letter to PSE fl"om po 1 ice depa rtmen t 
Le t ter to PSE from pol ice depa rtmen t 
Letter to PSE from police department 
Let ter to PSE hom police department 
Letter to PSE from police department 
Letter to PSE from pol ice department 
Letter to PSE from pol ice department 
Letter to PSE from pol ice department 
Letter to PSE from police department 
Letter to PSE from po 1 ice depa rtmen t 
Telephone survey 
Telephone survey 
Letter to PSE from police deparbnent 

Telephone survey 
I.etter to PSE from pol ice department 
Letter to PSE from pol ice department 
Letter to PSE from pol ice department 
Telephone survey 
Letter to rSE fro!11 police derartment 
I.l'tter to PS[ from pol icl' depMllllcnt 
Letter to PSE froll1 pol ice dera rtlllen t 
Letter to rSF frolll pol ice depa rtltlen t 

Telerhone survpy 
Site vi~il 
Lpttel" lo rs[ rl'OItI nol icp nrpilrtntent 

CAD in planrying stagps 

CAD in planning stages 

Separate from Dade County 
CAD system 

CAD to be fully operational 
by 11 /81 

CAD planned for 1982 

CAD in planning stages 

CAD in pI ann i nq qage~ 

CAD to be fully orl'rational 
by I a te 1980 
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Cities 

Lansing, Michigan 
Oak Park, River Forest, 

Forest Park, Illinois 
St. Petersburg, Florida 
Salt Lake City, Utah 

Santa Ana, California 
Shreveport, Louisiana 
Sunnyvale, California 
Winston-Salem, North Carolina 

Less than 100,000 

Atlantic City, New Jersey 
Aurora, Colorado 
Champaign, Illinois 
Chesapeake, Virginia 
Cranston, Rhode Island 
Johnstown, Pennsylvania 
Kenosha, Wisconsin 
Northbrook, Illinois 
North Las Vegas, Nevada 
Reading, Pennsylvania 

Reno, Neva da 
San Mateo, California 

Counties 

Baltimore County, Maryland 
Broward County, Florida 
Dade County, Florida 
DeKalb County, Georgia 
Fresno County, California 

Hamilton County, Ohio 
Hillsborough County, Florida 
Lake County, Indiana 
Los Angeles County, California 
Multnomah County, Oregon 
New Castle County, Delaware 
Palm Beach County, Florida 

Pinellas County, Florida 
Prince Georges County, Maryland 
Sacramento County, California 
Santa Clara County, California 
South Bay Area, California 

Operational 
CAD 

(x) 

x 
x 
x 

x 
x 
x 

no 

x 
x 
x 
x 
x 

[x]! 
x 

(x) 
x 

(xl 

no 
(x) 

(x) 
x 
x 
x 
x 

x 
x 
x 
x 
x 

(x) 
(xl 

x 
x 
x 
x 
x 

lex] indicates that CAD is no longer in use 
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Manufacturer/lnstailer 

Digital/Motorola 

---/Community Technology 
IBM/Booz Allen & Hamilton 
Digital/Motorola 

Digital/--
Interdata/General Electric 
Digital/Motorola 

Digital/Motorola 
Data General/ADL Systems 
---/Community Technology 
Digital/JRB Associates 
Wang/J.W. Larimore 
Wang/J.W. Larimore 
Wang/J.W. Larimore 
TI, E-Systems/In-House 
Wang/J.W. Larimore 
Sperry Univac/Univac 

Di g lta 1 /Motoro 1 a 

Digital/General Electric 
Digital/Motorola 
Digital/In-House 
Digital/[Kustom], Motorola 
Digital/PRC-PMS 

Digital/Motorola 
Dig ita 1 /Kus tom 
Digital/Motorola 
Digital/SOC 
Vari an/Boei ng 
---/---
Digital/In-House 

Digita 1 /PRC-PMS 
Di g ita 1 /PRC-PMS 
Digital/Kustom 
Digital/Kustom 
Digital/PRC-PMS, E-Systems 

Source 

Letter to PSE from police department 

LEAA grant description 
Letter to PSE from police department 
Site visit 

Letter to PSE from police department 
[JPL, 1978] 
Site visit 
Letter to PSE from police department 

[JPL, 1978] 
Site visit 
Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 

Letter to PSE from police department 
Letter to PSE from police department 

Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 
Telephone survey 

[JPL, 1978] 
Letter to PSE from police department 
Letter to PSE from police department 
Telephone survey 
Letter to PSE from police department 
Verba 1 report 
Letter to PSE from police department 

Comments 

Consolidated police/fire 
system 

CAD in planning stages 

CAD destroyed in flood 

CAD to be fully operational 
by 11/80 

CAD in planning stages 
CAD to be fully operational 

by late 1980 

Does not include Miami 

Does not include City 
of Fresno 

Does not include Cincinnati 

Los Angeles Sheriff's Office 
Includes Portland 

CAD to be fully operational 
by 9/80 

Letter to PSE from police department 
Information from PRC-PMS 
[JPL, 1978] Sacramento Sheriff's Office 
[JPL, 1978] Includes San Jose 
Letter to PSE from police department 
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City-Wi de Systems 

City Size 

Over 1 million 
500,000 - 1 million 
250,000 - 500,000 
100,000 - 250,000 
50,000 - 100,000 
25,000 - 50,000 

County-Wide Systems 

County Size 

Over 1 mill ion 
500,000 - 1 million 
250,000 - 500,000 
100,000 - 250,000 

Number of 
cities of 
this size 1 

6 
22 
37 
90 

257 
539 

Exhibit B. 2 

Breakdown of CAD by City and County Size 

Fraction of 
Number of cities this size 
operational with operational 
CAD systems CAD systems 

3 50% 
12 55% 
16 43% 
15 17% 

6 2% 
1 .2% 

Number of 
operational 
CAD systems 

2 
7 
2 
3 

Total fraction of 
Additional cities cities this size 
currently with operational 
implementing or implementing 
CAD systems CAD systems 

1 67% 
3 68% 
2 49% 
3 20% 
3 4% 

° .2% 

Additional number 
of counties currently 
implementing CAD 

° 2 
1 

° 

CAD 

lBased on the most -recent population estimates from the International City Management Association, and updated 
to reflect populations reported by police departments. 
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Exhibit B.3 

MOe: Reported Applications 

Cities 

Over 1 Mill ion 

Chicago, Illinois 
Oetroit, Michigan 
Houston, Texas 
Los Angeles, California 
New York City, New York 
Philadephia, Pennsylvania 

500,000 - 1 Million 

Baltimore, Maryland 
Boston, Massachusetts 
Cleveland, Ohio 
Columbus, Ohio 
Dallas, Texas 
Denver, Colorado 
Honolulu, lIawaii 
Indianapolis, Indiana 
Jacksonville, Florida 
Kansas City, Missouri 
Memphis, 'Tennessee 
Milwaukee, Wisconsin 
New Orleans, Louisiana 
Phoenix, Arizona 
Portland, Oregon 
St. Louis, Missouri 
San Antonio, Texas 
San piego, California 
San Francisco, California 
San Jose, California 
Seattle, Washington 
Washington, D.C. 

~50,000 - 500,000 

Akron, Ohio 
Albuquerque, New Mexico 
Atlanta, Georgia 
Austin, Texas 
Baton Rouge, Louisiana 
Birmingham, Alabama 
Buffalo, New York 

Equipment 
MOC Manufacturer 

x Motorola 
x Motorola 

no 
x E-Systems 
x Motorola 

no 

no 
no 
[xJ2 
(x) J 
x 

no 
no 
no 
no 
[x) Kustom 
no 
[x) 
[x] 
x Motorola 

no 
x Motoro 1 a 

no 
[x] Motorola 
[x) Kus tOI~ 
x Kustom 

no 
[x] 

no 
no 
(x) 
no 
no 
no 
no 

Source 

Telephone survey 
Telephone survey 
Letter to PSE from police department 
Letter to PSE from police department 
Pre1 iminary site visit 
Site visit 

Letter to PSE from police department 
Preliminary site visit 
[Sohn et al, 1975 (b)) 
Letter to PSE from police department 
Site visit 
Site visit 
Letter to PSE from pol ice department 
Site visit 
Letter to PSE from police department 
[Sohn et al, 1975 (b)) 
Letter to PSE from police department 
[Te1com, Inc., 1969] 
Verbal report 
Letter to PSE from police department 
Letter to PSE from pol ice department 
Site visit 
Site visi.t 
Site visit 
Telephone survey 
Telephone survey 
Telephone survey 
[King, 1976]; Letter to PSE from 

police department 

Letter to PSE from pol ice department 
Letter to PSE from pol ice department 
Le tter to PSE from pol ice department 
Let ter to PSE from pol ice department 
Letter to PSE from police department 
Letter to PSE from pol ice department 
Letter to PSE from po lice depa rtmen t 

lThis table includes all cities with population greater than 250,000, whether or not they 
are reported to have MOC systems. 

2[X] indicates that HOC is no longer in use. 
J(x) indicates that MOC is in the process of being implemented. 

COllinent~ 

MOC in 140 pa tro 1 cars 
~1DC in 200 pa tro 1 cars 

MOC in 850 pa tro 1 'cars (100% of units) 
MOC in 200 pa tro 1 cars 

MOC planned for 1980 
MOC tested in 40 patrol cars 
MOC to be operational by mid-1981 
Status-only MOTs in AVM district 

MDC tested in 14 cars 

Mobile teleprinters tested 
MOC tested and abandoned 
MOC in 27 patrol units (5% of units) 

Status-only MOTs in all patrol vehicles 

MOC tested in 20 cars 
MOC tested in 25 cars 
MOC implemented in 2 district<; out of R 

MOC planned for \9H2 
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Cities 

Charlotte, North Carolina 
Cincinnati, Ohio 
Dayton, Ohio 
E1 Paso, Texas 
Fort Worth, Texas 
Jersey City, New Jersey 
Las Vegas, Nevada 
Long Beach, California 
Louisville, Kentucky 
Madison, Wisconsin 
Miami, Florida 
Minneapolis, Minnesota 
Nashville, Tennessee 
Newark, New Jersey 
Norfolk, Virginia 
Oakland, California 
Oklahoma City, Oklahoma 
()naha, Nebraska 
Peoria, Illinois 
Pittsburgh, Pennsylvania 
Rochester, New York 
Sacramento, California 
St. Paul, Minnesota 
Tacoma, Washington 
Tampa, Florida 
Toledo, Ohio 
Tucson, Arizona 
Tulsa, Oklahoma 

. Virginia Beach, Virginia 

100,000 - 250 .. 000 

MOC 

no 
no 
no 
no 
no 
no 
x 

(xl 
[x] 
no 
(xl 
x 

no 
x 

no 
x 

no 
no 
no 
no 
no 
no 
no 
no 
x 

no 
no 
no 
x 

Albany, New York x 
Aurora, Colorado (xl 
Fresno, Cal Horn i a x 
Glendale, California x 
Greensboro, North Carolina (xl 
Hampton, Virginia [x] 
Huntington Beach, California x 
Shreveport, Louisiana x 
Sunnyvale, California x 
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Equipment 
Manufacturer 

Kustom 

E-Systems 
Kustom 

Motorola 

E-Systems 

Kustom 

Motorola 

Kustom 
Kustom 

IBM 
Motorola 
Xerox 
Motorola 

Source 

Si te vi sit 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Site visit 
Telephone survey 
Telephone survey 
Site visit 
Letter to PSE from police department 
Site visit 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Telephone survey 
Telephone survey 

Telephone survey 
Site visit 
Telephone survey 
Letter to PSE from police department 
Letter to PSE from police department 
Telephone survey 
Site visit 
Information from General Electric 
Site visit 

... 

Conl11ents 

MOC in all patrol units 
Test program of 13 MOC units 

Moe to be oerational by mid-1980 
MOC in 90 patrol units 

MOC in 100 patrol units 

MOC in 95 patrol units 

Shared with Hillsborough County 

MOC in all patrol units 

MOC in all patrol units 

MOC in all patrol units 

MOC in all patrol units 

MOC in all patrol units 

0, 
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Cities 

Less than 100,000 

Atlantic City, New Jersey 
Mol ine, III inois 
Rock Island,Illinois 

Counties 

MOC 

x 
[xJ 
[xJ 

De Kalb County, Georgia x 
Hennepin County, Minnesota x 
Hillsborough County, Florida x 
Lake County, Indiana no 
Palm Beach County, Florida x 
Pinellas County, Florida x 
Sacramento County, California x 
San Joaquin County, California x 
South Bay Area, California x 

States 

New York 
Virginia 

[xJ 
x 
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(Page 3 of 3) 

Equipment 
Manufacturer 

Motor.ola 
Xerox 
Xerox 

[KustomJ, Motorola 
Xerox 
Kustom 

[KustomJ, Applied Research 
Kustom 
Kustom 
Kustom 
E-Systems 

Kustom 

Source 

[Johnson and Valenzuela, 1977J 
Telephone survey 
Telephone survey 

Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
Letter to PSE from police department 
[Search Group, Inc., 1978J 
Letter to PSE from police department 
Letter to PSE from police department 

[LEAA, 1976J 
[Kellam, 1974J 

Comments 

Moe in 30 cars 

MOC in 85% of patrol units 

MOe in planning stages 
MOC in 65% of patrol units 

Test system 
MOC in 60% of patrol units 

Moe tested by state police 
MOe in 20 patrol units 
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Cit~-Wide S~stems 

City Size 

Over 1 million 
500,000 - 1 million 
250,000 - 500,000 
100,000 - 250,000 
50,000 - 100,000 
25,000 - 50,000 

County-Wide Systems 

County Size 

Over 1 mill ion 
500,000 - 1 million 
250,000 - 500,000 
100,000 - 250,000 

Exhibit B.4 

Breakdown of MOC Applications by City and County Size 

Number of 
cities of 
this size l 

6 
22 
37 
90 

257 
539 

Fraction of Additional cities 
Number of cities this size currently 
operational with operational implementing 
MOC s~stems MOC systems 

4 
4 
6 
7 
1 
a 

Number of 
operational 
MOC systems 

a 
5 
3 
a 

67% 
18% 
19% 

8% 
.4% 

0% 

MOC systems 

0 
1 
2 
2 
a 
a 

Additional number 
of counties currently 
implementing MOC 

a 
a 
a 
a 

Total fraction of 
cities this size 
with operational MOC 
or implementing 
MOC systems 

67% 
23% 
24% 
10% 
.4% 

0% 

lBa5ed on the most recent population estimates from the International City Management Association, and updated 
to reflect populations reported by police departments. 



Exhibit B.5 

911 : Reported Applications in Larger Citi es 

(1 ,000 IS) 
Estimated Year City Police rire Population 1 Installed 

New York 911 7,605 1968 Chicago 911 3,115 1976 Los Angeles 625-3311 384-3131 2,750 
Philadelphia 911 1,820 1974 Houston 222-3131 227-2323 1 ,320 
Detroit 911 1,300 1973 Bal timore 222-3333 685-1313 878 Da 11 as 742-2431 741-6543 859 
San Antonio 911 850 1979 Indianapolis 911 741 1976 Washington, DC 911 734 1972 San Francisco 553-0123 861-8020 716 San Diego 236-5911 238-1212 697 Milwaukee 765-2323 347-2323 691 
Honolulu 911 686 1975 C1 e'fel and 623-5000 621-1212 679 r'1emphi s 528-2222 458-3311 659 Phoenix 262-6151 253-1191 637 
New Orleans 822-4161 581-3473 573 Boston 911 550 1972 San Jose 297-3565 294-4664 570 Columbus 462-4545 221-2345 541 
St. Louis 231-1212 534-2244 538 
Jacksonville 633-4111 633-2211 522 Denver 911 515 1971 Seattle 911 505 1971 

IBased on the most recent population estimates from the International City 
Management Association and updated to reflect populations reported by police 
departments. 
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