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ABSTRACT

Six deployment models for emergency service agencies were developed,
field-tested, and documented during a two-year period ending October, 1975.
During the following eighteen months, records were kept of the extent to
which the models were acquired by operating agencies and actually used for
making deployment changes. The number of acquisitions ranged from zero
for one model to 39 for another. Over half of those who acquire these
models actually use them, and, except for one model, nearly all users make
operational changes based on the output. Differences among the models

illuminate the implementation process.

Paper prepared for presentation at the Joint National ORSA/TIMS
meeting, San Francisco, May 10, 1977. Research funded by the U.S. Depart-
ment of Housing and Urban Development and the National Science Foundation
is described in this paper. Neither of these agencies, nor any of the
municipal governments whose use of models is described, take any respon-
sibility for the accuracy or completeness of the information herein.






IMPLEMENTATION OF EMERGENCY SERVICE
DEPLOYMENT MODELS IN OPERATING AGENCIES

Jan M. Chaiken

BACKGROUND

A growing body of literature is suggesting the virtues and benefits
of using modeling techniques of operations research to resolve govérnmental
problems [2,12, 16, 23, 30]. Yet all careful studies of the actual use of
models by decisionmakers have drawn sobering conclusions about the chances
that such models will actually be applied as intended. Even in the
Department of Defense, which has been sponsoring modeling activities for
many years , Shubik and Brewer [36] found, in a written survey conducted
in 1970-71,that under half of the models, simulations and games had produced
results worthy of presentation to policy-makers in a briefing, and a
smaller fraction had an impact on policies. Fromm, et al. [13] obtained
similar findings in a 1973 survey of federally funded non-defense models.
They stated that "at least one-third and perhaps as many as two-thirds of
the models failed to achieve their avowed purposes in the form of direct
application to policy problems."

Many of the models examined in these two surveys were built for use
by the federal agency that funded the work. The implementation history
of computer-based models intended for use by agencies of local government
has been, in general, even less promising. In 1974, Michael Lawless
conducted an interview survey of 39 recipients of models intended to be
used by criminal justice agencies such as police departments, courts and

correction agencies [27]. He found that only 18 percent of the recipients



had used or were using the model. Attributes of the model itself (its
programming language, data requirements, or conceptual complexity) were
obstacles to implementation in only 28 percent of the instances of nonuse.
The primary obstacles to implementation for these criminal justice models
were unrelated to the model's characteristics. For example, it was very
often the case that a single advocate in the potential user agency saw

the need for a model, conducted a search for the appropriate one, sponsored
his choice before agency administrators, and pursued implementation. If
the advocate became discouraged, or lacked political skills, or was
promoted to a better position because of his skills, the model was not used.
Chaiken, et al. [9] labelled this problem "the vanishing advocate". Other
tvpes of problems that led to nonuse were disputes between analysts and
policymakers having no relationship to the virtues or lack of virtues of
the model, and acquisition of models for a purpose that did not arise.

In 12 percent of the cases studied, the reasons for nonuse could not be
determined.

Lawless also made several observations about the characteristics of
practitioner agencies and model builders that impede implementation of
models. These appear to be sufficiently general that we may hypothesize
their applicability to agencies of local government other than the crimi-
nal justice agencies that were surveyed. The first characteristic of
practitioner agencies mentioned by Lawless is that models are often intro-
duced to improve operations that are already generally comsidered satisfactory.
In other words, the potential user agency does not perceive a need for
change or a dissatisfaction with the status quo. Most observers of
organizational behavior consider innovation to be unlikely to occur in such

circumstances (See, for example, references 20 and 42).



Second, the search for a model tended to cease when the first
possibly suitable model was found. Thus, consideration was infrequently
given to selecting the best model for the purposes at hand, and many
model recipients found that the model did not actually meet their needs.

Third, lack of professionalization among local agency planners is
an obstacle to implementation of models. In many instances, planners do
not have advanced training, a tradition of using analysis to make decisions,
or a world view that extends beyond their immediate organization. Using
models would have been an activity very different from their usual style
of work.

Finally, many local government ageﬁcies lack the technical resources
to use computer-based models. They may not have access to any computer
system, and, if they do, the system may not be able to compile the high-
level languages ordinarily used for models. Collection of the data needed
as input for a model may also be a major obstacle in such agencies. It
is easy to envision that a governmental agency which has not yet introduced
elementary data processing procedures would find a model to be too tech-
nologically advanced for its purposes.

In regard to the model builders themselves, Lawless pointed out that
many of them have little interest in the implementation process and no
incentive to become involved. Moreover, their special capabilities as
researchers might be wasted if they spent time implementing models, and
these capabilities certainly do not qualify them as able implementers.
Thus, in parallel with the problem of the advocate noted above, one often

observes a problem of the "vanishing model builder.”



HUD-FUNDED DEPLOYMENT MODELS

This paper describes six models that were sponsored by the Office
of Policy Development and Research at the U.S. Department of Housing and
Urban Development (HUD) with the specific intent of overcoming the commonly
experienced obstacles to implementation of models. All six were designed
for use by local police, fire or emergency medical service agencies for
analysis of deployment policies (how many emergency units to have on duty,
where they should be located, what their response areas should be, and
how they should be dispatched). The work was conducted at Rand during
1973-75 and has been summarized by Walker [39].

To assure that the models met actual needs of local decisionmakers
(rather than possibly imaginary needs invented by the model designers),

HUD required that the models must be field tested in several cities. This
experience also permitted validating the models, that is, checking that
their outputs matched reality. Moreover, after the models had been tested,
their characteristics were modified to meet the needs of users. For example,
their capabilities, output formats, and mode of use (interactive or batch)
were changed in some instances. Most of the field tests were described

in written case studies, which have also been summarized by Walker [39].

To enhance the likelihood that the models could subsequently be trans-
ferred to other agencies of local government with little or no assistance
from the model designers, HUD required that the models not be written in
unnecessarily obscure programming languages and that they be completely

documented. The documentation for all the models included the following [39]:

0 An executive summary, containing a nontechnical introduction

to the model, information to assist an administrator in



deciding whether to use the model, and details about how
the computer program can be obtained.

o A technical description, designed to provide an analyst

with an understanding of the theoretical underpinnings of
the model.

o A user's manual, describing step-by-step how the model

is operated once it is installed on a computer system.

o A description of the computer program. This document was
written for data processing personnel and provides
sufficient information to permit installation of the model,
construction of the required data base, and modification

of the model, if desired.

After the models were completed and documented, HUD awarded a small
contract to Rand for maintenance of the models. This work included
responding to user inquiries, fixing bugs in the programs or errors in the
documentation as they were brought to our attention, and collecting inform-
ation about the uses (if any) of the models. Direct, on-site assistance
to users was not provided under this contract. Rather, the purpose was
specifically to determine the extent to which the models would be used with
only the most limited types of dissemination activities. A survey of the
recipients of the models, conducted under this contract, provided information
about the extent and nature of their use.*

It should be noted that the surveys by Fromm, et al. and Lawless,

mentioned above, included emergency service deployment models but were not

*An example of one of the survey instruments is shown in the
appendix.



specifically focused on such models. None of the models described here had
been completely documented at the time of the earlier surveys, and three

of them had not yet been built.

BRIEF DESCRIPTION OF THE MODELS

To understand the implementation histories of the six models, it is
necessary to know their main purposes and characteristics. The descriptions
given here are not complete but focus on characteristics that were
subsequently found to be important in the implementation process. Further

details are available in the documentation cited for each model.

Parametric Allocation Model (PAM)

This model was designed by Rider [32, 33, 34]. It is intended to be
used by fire departments or ambulance agencies for rough analysis of the
number of firehouses or garages needed in each of several large sub-
regions of the jurisdiction served by the agency. It has very modest in-
put requirements. It provides both descriptive information about the travel-
time and workload characteristics of any allocation of firehouses or
garages proposed by the user and also prescriptive output suggesting the
number of firehouses or garages to be allocated to each region, so as to
minimize an objective function that incorporates aspects of efficiency and
equity.

An interactive version of the program is written in the extended
BASIC language and is available to users by subscribing to a national commer-
cial time-sharing service. A batch version was written by Dormont [10]

in the PL/I language.



Tirehouse Site Evaluation Model (FHSEM)

This model was designed by Dormont, Hausner and Walker [11, 38].
It is intended to be used by fire departments to evaluate specific proposed
locations of firehouses. Ordinarily this would be done after the Parametric
Allocation Model had been used. The FHSEM requires a geographically detailed
data base and is a static, descriptive model. That is, its calculations
assume that fire companies are always available to respond to incidents
from their assigned firehouses--a reasonable approximation in most cities——
and it does not recommend any locations as better than others.

The program is written in FORTRAN and is designed for interactive

use or, with very minor changes, for batch operation.

Simulation Model of Fire Department Operations (FIRESIM)

Written by Carter [4, 5], this model is a detailed simulation
written in SIMSCRIPT I.5. It requires an elaborate data base and personnel
with programming and statistical skills to set up the computer program
and interpret the output. It can be used to evaluate practically any
deployment policy, including firehouse locations and dispatching practices.
Unlike the FHSEM, the simulation model is dynamic, that is, it takes into
account the unavailability of fire companies. It is more accurate than

either the PAM or the FHSEM.

Patrol Car Allocation Model (PCAM)

Designed by Chaiken and Dormont [8], this model is intended for use
by police departments and is similar in purpose to the PAM. It has
both descriptive and prescriptive output concerning the number of patrol
cars to be allocated to each of several large geographical regions at various

times of day. 1Its data requirements are fairly modest, but because the



allocation is envisioned to vary on different days of the week or at
different times of the day--which is rarely the case with fire companies-—-
the data base is more elaborate than that of the Parametric Allocation Model.
It is written in FORTRAN and can be operated in batch mode or, with
minor modifications, in interactive mode. Design of the model was funded
partially by HUD and partially by the National Institute of Law Enforcement

and Criminal Justice.

Hypercube Queuing Model

This model was designed by Larson [7, 24, 25, 26], partially under
HUD funding and partially under National Science Foundation funding to the
Massachusetts Institute of Technology. It is intended for use by police
and ambulance agencies for design and evaluation of fixed sites for their
units and/or response areas for the units. Like the Firehouse Site Eval-
uation Model, it is descriptive and requires a geographically detailed data
base. Unlike the FHSEM, it is a dynamic model and its calculations assume
that only one response unit is dispatched to each incident. (In the FHSEM,
several fire companies may respond to each incident, and performance
statistics are provided for each of them.)

The model is written in PL/I and is inteﬁded for batch use. An inter-
active monitor is separately available [41]. The Institute for Public Program
Analysis has engaged in an effort to disséminiate this model, so that some
of the recent users (after 1975) have received direct technical assistance,

which is not the case for the other models.

Simulation Model of Police Patrol Operations (PATROLSIM)

Written in SIMSCRIPT II.5 by Kolesar and Walker {21, 22], this model

is similar to FIRESIM in its design, data requirements, and applicatiomns.



However, it is intended for use by police departments. Its design was

funded by the City of New York.

HISTORY OF USE

Fire Deployment Models

The Simulation Model of Fire Department Operations was used in New York
City by the Rand staff [6, 18, 19] and in Denver by Hendrick and Plane,
et al. [17], who received moderate amounts of assistance from Rand and are
technically sophisticated analysts. Neither of these groups is still using
the model, and no other agency has used the program subsequently. One
reason for the model's nonuse is that its early applications validated the
output from simpler, less expensive models [17, 19]. Therefore, these
simpler models can now be recommended in lieu of the simulation model.

The Parametric Allocation Model was used by Rand staff in five cities:
Jersey City [35]; New York; Tacoma [31]; Wilmington [37, 40]; and
Yonkers [15]. Jersey City is still using the model. After the PAM was
documented, nine individuals or agencies acquired copies of the program.
(See Table 1%) of these, one recipient modified the model slightly and
used it for an evaluation of emergency medical services in Dade County,
Florida [28]. The study led to changes in the locations of some vehicles.
In the work by the Maryland-National Capital Park and Planning Commission,
the program was operated interactively in a study of the Prince George's
County Fire Department; operational changes are under consideration. One

employee of the Plamming Commission subsequently moved to the State

*In all the tables, the term "use" means that the recipient operated
the computer program with a data base appropriate to the local situation—-
i.e., not simply with a demonstration data base provided by Rand.
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Still
Using?

Yes
No
No
No
No

Yes

Pogsibly in future

Yes

Possibly in future

TABLE 1. RECIPIENTS OF THE PARAMETRIC ALLOCATION MODEL
Direct Operational
Rand Changes

Recipient Assistance? Used? Made?
Jersey City Yes Yes Yes
New York Yes Yes Yes &
Tacoma Yes Yes Yes &
Wilmington Yes Yes Yes
Yonkers Yes Yes Yes @

J. Watts & H. Hickey No For res-

Univ. of Maryland earch
Dade County, FL No Yes Yes

(EMS application)
Maryland-National Capital No Yes Under consideration
Park and Planning

Commission
Vanouver, B.C. No Future
Miami, FL No No b
Niagara Falls, NY No No
Schenectady, NY No No P
Allentown, PA No Yes Not yet reported
Winnipeg, Manitoba No (Recent

recipient)

& Operational changes in these cities are not directly attributable to the model.

b Used FHSEM.



University of New York at Buffalo, where he is performing research

using a rewritten and modified version 6f the program. In Allentown, the
program was completely written into FORTRAN by Professor John Fagan of
Lehigh University, and the model was used in a study whose implementation
status has not yet been publicly reported. The only emergency service
agency that received this model and did not use any deployment model was

Niagara Falls. There the position of the analyst in the fire department

was eliminated after a budget cut.

The Firehouse Site Evaluation Model was used in four cities with
direct assistance from Rand staff: Jersey City [35]; Trenton [14];
Wilmington [37, 40]; and Yonkers [15]. Both Jersey City and Yonkers are
still using the model. (See Table 2.) Subsequently, nine individuals or
agencies received copies of this program. They are nearly identical to the
list of recipients of the PAM, except that Dade County used only the PAM,
and New York is counted as a "subsequent" user of the FHSEM. The implementa-
tion history of this model is quite encouraging, as nearly all recipients of
the program either use it or have concrete plans to use it, and operational

changes appear likely to occur eventually in every instance of use.

In M{ami, analysts in the City's Planning Department and Fire Depart—
ment used the FHSEM as part of their Master Planning work without any
outside technical assistance. They developed a ten-year plan for construct—
ion of fire stations. The plan calls for reduction in the total number
of stations from fifteen to eleven by 1986; in this process three new
stations would be built and one station would be modified slightly.
Companies currently located in separate stations would be consolidated in
the new stations, thereby leaving the total number of companies unchanged.

Over 75 runs of the model were examined in producing the plan. The
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TABLE 2, RECIPIENTS OF THE FIREHOUSE SITE EVALUATION MODEL
Direct Operational
Rand Changes Still

Recipient Assistance? Used? Made? Using?
Jersey City Yes Yes Yes Yes
Trenton Yes Yes Under consideration No
Wilmington Yes Yes Yes No
Yonkers Yes Yes Yes 2 Yes
J. Watts & H. Hickey No Yes Planned Yes

(for Alexandria, VA)
Maryland-National Capital No Future P

Park and Planning

Commission
New York City No Yes Yes 2 Unknown
Vancouver, B.C. No Future
Miami, FL No Yes Yes Yes
Niagara Falls, NY No No
Schenectady, NY No Yes Planned Yes
Allentown, PA No Yes Not yet reported Possibly in future
Winnipeg, Manitoba No (Recent

recipient)

a Operational changes in these cities are not directly attributable to the model.

b Uysed PAM.
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analysts, Peirce Eichelberger and Captain Tom Farren. reported. "The
Rand model [FHSEMI| is an excellent aid to analysis which can help evaluate
the multitude of critical decisions facing contemporary fire service admini-
strators"”. The work in the Fire Department in Schenectady is also being
conducted by in-house analysts.

In Alexandria, Virginia, analysis using the FHSEM was conducted by
a Ph.D. candidate and a professor at the University of Maryland. In Allentown,
the work was conducted by professors at Lehigh University. 1In both cases,
descriptions of whatever operational changes were proposed or implemented
will be reported by the users at a later date.

The primary source of knowledge about the existence of the PAM and
FHSEM was through reading Rand reports about the models, which had been

distributed to over a hundred fire departments.

Deployment Models Primarily for Police Departments

Interim versions of the Patrol Car Allocation Model were tested in
New York City, Seattle and Los Angeles. However, no user of this model had
the same type of direct assistance from Rand as was provided to early users
of the fire deployment models described above. PCAM was released in
September, 1975, and its history of use is described in Table 3. Recipients
are shown as "future users'" on this table only if they have taken concrete
steps to use the program, such as beginning preparation of a data base or
initiating negotiation of a contract for computer services. The table shows
that 28 police departments received the program, of which 12 (or 43 percent)
have used it or are using it, and an additional sevenf{or 25 percent) are

likely future users. Only one police department that received the program



TABLE 3.

RECIPIENTS OF PATROL CAR
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ALLOCATION MODEL

LC = Local Consultant

Tx-:chnicala Changgs

Recipient Date User? Assistance Made
Wilmington, Delaware 9/75 Yes PSE Split force
CompuServ Network 9/75 Time-sharing serv,.
Jet Propulsion Laboratory 9/75 For research
Seattle PD 9/75 Yes None PA
Atlanta BPS 9/75 Yes Minor PA
PRC, Inc. 9/75 No
Attorney General of British Columbia 9/75 Possibly in future
Toledo PD 10/75 Yes None PA & SA
Texas A & M University 10/75 No
The Netherlands Bureau of Police Automation 10/75 Under consideration
TIPPA® 10/75 For training
Edmonton, Alberta 11/75 Future None
Newark, NJ 11/75 Future USI
Minneapolis PD 11/75 Yes LC PA & PB
New York City PD 12/75 Future None ’
Jacksonville Sheriff 1/76 Future None
Virginia Beach PD 2/76 Yes None
Los Angeles Sheriff 2/76 Yes LC Decision pending
Florida International University 5/76 Unknown
Los Angeles PD ’ 6/76 Starting Minor
San Diego PD 7/76 Yes Minor SA
Baltimore County PD 7/76 Future None
Metropolitan District Police (Boston) 8/76 Possibly in future
Santa Ana, CA, PD 8/76 Unknown
Ohio State University 8/76 Unknown
Kansas City, MO, PD 8/76 No None
Beloit, WI, PD 8/76 Unknown
Washington, D.C., PD 8/76 Future None
Palm Beach County, FL 9/76 Yes None PA & SA
Arvada, CO, PD 9/76 Future None
Fort Wayne, IN, PD 9/76 Future None
Tucson, AZ, PD 12/76 Unknown
New Brunswick, NJ, PD 12/76 Starting None
St. Louis County, PD 1/77 Yes TIPPA Planned
Detroit, MI, PD 2/77 Unknown
" San Diego Sheriff 5/77
2 PSE = Public Systems Evaluation, Inc. b pA - Precinct Allocations
TIPPA = The Institute for Public Program Analysis PB = Precinct Boundaries
UST = Urban Sciences, Inc. SA = Shift Allocations

Still
Using?

Possibly in future

Yes

Yes

Yes

Awaiting better data

Yes

Yes

Yes

Yes
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is known to be a nonuser, although the departments that did not respond

to the survey questionnaire (shown as "unknown" in the table) are probably
nonusers also. Every recipient whose use has progressed to the point of
receiving output based on good data has developed operational changes based
on the output.

The table shows that fifteen of the recipients obtained their copies of
the program during the first four months that it was available. All but
one of these recipients knew me personally, either by virtue of my previous
research concerning patrol allocation or by attending a lecture or course
I presented. Beginning in 1976, the number of requests for the program has
averaged 1.2 per month, and only two of these recipients had any prior
contact with me. TFor these later recipients, the primary sources of
information that the model existed were: (1) a course taught periodically
at Northwestern University Traffic Institute by Nelson Heller of The
Institute for Public Program Analysis (TIPPA); and (2) an announcement by
the Criminal Justice Réference Service of the U.S. Department of Justice.

Information about recipients of the Hypercube Queuing Model is given
in Table 4. These recipients were surveyed by Nelson Heller using either
on-site visits or an open-ended instrument that was different from the
one shown in the appendix. This model has 39 recipients, the largest number
of all the emergency service deployment models described in this paper.
However, it has been available longer than the other models, and TIPPA has
engaged in more vigorous dissemination activities for the Hypercube model
than were supplied for the other models. As with PCAM, the typical exper-
ience is that the recipient either uses the model or has fairly concrete
plans to use it later. Only two emergency service agencies that.received

the model are known to be nonusers.
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TABLE 4. RECIPIENTS OF THE HYPERCUBE QUEUING MODEL

Technical
Recipient Assistance
Garland, TX Texas A & M
Arlington, TX Texas A & M
Jacksonville, FL, Sheriff
Santa Clara County, CA
Baltimore County PD
San Antonio, TX None
Kansas City, MO, PD
San Diego, CA, PD TIPPA
Fresno, CA TIPPA
Burbank, CA TIPPA
Garden Grove, CA TIPPA
Santa Ana, CA TIPPA
St. Louis County TIPPA
Pasadena, CA TIPPA
Huntington Beach, CA TIPPA
San Jose, CA TIPPA
New Haven, CT Rand
Quincy, MA MIT
Wilmington, DE PSE
Arlington, MA MIT
Toledo, OH
Newark, NJ USIL
New York
Minneapolis LC

Virginia Beach

Atlanta

Trenton, NJ

Hampton, VA

Portland, OR

Fort Wayne, IN

Palm Beach County

Anchorage, Alaska PRC
J. Chan, University of Toronto

CIMS Group, Inc.

A. Blumstein, Carnegie-Mellon University
N. BHurt, Cleveland State University

M. Schaefer, Georgia State University
National Research Council of Canada

Stockholm, Sweden

2 psE = Public Systems Evaluation, Inc.

TIPPA = The Institute for Public Program Analysis

UST = Urban Sciences, Inc.
LC = Local Consultant
PRC = PRC Public Management Services, Inec.

b Districts for special purpose units were designed with this model in New York.

Used?

Yes

Yes

No

Yes
Unknown
Yes
Unknown
(PCAM first)
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

(PCAM first)
Future

Yes

Future
(PCAM first)
(PCAM first)
Starting
Unknown
Yes

Yes
Unknown
Yes
Unknown

No

No

Yes

For class
For research

No

District
Changes?

Unknown

Yes

Yes

Awvailting better data

No



_17_

By comparing Tables 3 and 4, it can Be seen that 19 recipients of
the Hypercube model also have PCAM. A few have used one of the two ﬁodels
without using the other, but many plan to use both of them. The Hypercube
model is the only model for which there is a fairly frequent pattern of
use followed by an absence of operational changes (seven cases). These
fall mainly into two categories: (1) The model was run with approximate
or interim data, and the user judged that the effort required to obtain
accurate data was not worthwhile. (2) The model was run, and the user con—
cluded from the output that no operational changes were warranted. To
date, only one recipient has succeeded in using this model all the way to
operational changes without technical assistance. However, Portland and
San Antonio are progressing well with the model in the absence of technical
assistance.

Professor Roger Elliott at Texas A & M University rewrote the Hypercube
model into COBOL and is using it in the work with Arlington and Garland,
Texas. His COBOL version is now being distributed by Rand and is the one
acquired by the Palm Beach County Sheriff's Office, which previously used
PCAM successfully. The Jacksonville Sheriff's Office was unable to compile
the PL/I program, and has also requested information about the COBOL version.

The Patrol Simulation Model has a history of nonuse similar to that
of FIRESIM. It was used in New York City by the designers, and the Seattle
Police Department attempted to use it. Implementation failed in Seattle
for two reasons: (1) A bug was discovered in the program, and, after
reasonable but not extensive effort, the model designers were umable to
resolve the problem. (2) The department's analyst who was trained in SIMSCRIPT
was hired away from the department by another organization.  (This was not

uite a case of "vanishing advocate," since the advocate remained in the
q
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department and has hired a replacement who now must learn SIMSCRIPT.)

PATTERNS OF USE AND NONUSE

Despite the fact that all six models were carefully tested before they
were released, errors in the programs and/or the user's manuals were found
for each of the models, except the PAM. None of these problems was
successfully resolved by the users. Rather, they were referred to Rand
for appropriate action. The difficulties were usually easy for the model
designer to repair, but would probably have been extremely difficult or
impossible for another person, no matter how well trained he or she might
be. In one case, noted above, the diagnosis is not apparent even to the
model designers.

This experience points to the necessity for agencies that support
the design and documentation of models to support at least modest maintenance

"perfect", and it seems likely that

activities subsequently. No model is
if errors are found--even if they are in infrequently used options, as"
was the case with the FHSEM, the PATROLSIM, and the Hypercube model--the
model will rapidly fall into disuse unless appropriate corrections are made.
All known errors in the computer programs were reported within the first
year after release of the models. In other words, no new bugs have been
reported during the last six months. However, it remains to be seen
whether a twelve-to-fifteen-month maintenance period would have been
adequate.

Agide from difficulties with bugs and errors in the user's manuals,

over half of the users had to change the programs in some way before operating

them. Some of the changes were very minor and were already anticipated in



- 19 -

the user's manuals as possibly desirable. Others were more substantial
but routine; they involved changes to make the program compatible with
the user's compiler. In some cases, hundreds of lines of programs were
changed for this purpose, but the users apparentlyvdid not consider this
activity a major obstacle.
A totally unexpected development was the complete rewriting of two
programs into other languages. There are now at least four versions of
the Parametric Allocation Model, two of which were written in FORTRAN by
users who had no contact with the model designer. Similarly, the COBOL
version of the Hypercube model was written by a user who was not associated
in any way with the model designer. Since the new versions meet some
users' needs better than the original programs, and the programmers are not
in a position to disseminate the models, the task of documenting the new
versions and making copies available to future users has been assumed by
Rand. This task was not anticipated as part of the maintenance activity.
Most emergency service agencies operate the model on a computer that
does not belong to them. Typically, the computer is owned by a university
or a commercial service bureau. While the designers and their colleagues
(Rand, MIT, PSE and TIPPA) almost invariably provide an opportunity for
interactive use of the models by the agencies they assist, other users
(i.e. those without such assistance) more frequently use the models in
batch mode. Although there are some instances of interactive use by agencies
that have no outside technical assistance, it appears that the virtues
of interactive use as perceived by the designers are irrelevant to most
users. Indeed, Nelson Heller (private communication) reports that the
additional cost of interactive operation is actually an obstacle to use

of the Hypercube model by some agencies. (In interactive mode, the user
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pays for the time he is connected to the computer system as well as
for operation of the program.)

In analyzing the survey responses to deterﬁine the conditions that
are conducive to use of models, it is difficult'to sort out certain
temporal effects. In particular, the earliest users of the models are
the ones who are most likely to have had time to make operational changes
based on the output from the models. These users also differ from later
users in other respects as well-~for example, nearly all of them have had
a personal contact with the model designer or ome of his colleagues. Thus,
the data show that personal contact with the designer or a colleague occurs
in most instances where operational changes have occurred, but this
observation may not be relevant for anticipating future events.

Some patterns in the survey responses appear to be independent of
the passage of time. First, nearly all of the users who did not have
direct Rand assistance obtained their data from computerized information
systems. In several of the cities where field tests of fire deployment
models were conducted by Rand staff, the researchers set up procedures for
keypunching data from previously collected manual records. These proced-
ures, which were continued by the fire departments, were considered to be
a side benefit from having conducted the study. However, it appears that
for an agency without outside technical assistance, the absence of
computer-readable data may frequently be an insuperable obstacle to using
models. An alternative explanation of this observation is that agencies
whose use of computers has not yet evolved to the stage of routine data
processing will not have personnel who are sufficiently skilled to use
deployment models.

Second, in every instance where an agency has made operational changes
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based4on the output from one of the six models reviewed here, an attempt
had been made to validate at least part of the model's output by comparing
it with real data. Validation is a practice that model builders invariably
recommend, but the forces compelling validation by users appear to be
stronger than mere recommendations. Namely, the local analyst realizes
that the firé chief, police chief, or city council will not be persuaded
to take action based on estimated performance measures that have not
been shown to be trustworthy. Paul Scheuer, a systems analyst in the Toledo
Division of Police, reported, "we compared PCAM's estimated travel time
to actual travel time and found that it varied by approximately six seconds
from actual results. Close enough!" (Emphasis in the original.) Similar
encouraging experiences were reported by other users who went on to imple-
ment changes in operatiomns.

In instances where validation efforts revealed disparities between
the output of the model and actual data, progress invariably stalled or
terminated. The usual next step was either to abandon the model or to
search for improvements that could be made in the data or the computer
program. Concerning an application of the Hypercube model in Anchorage,
Thomas McEwen of PRC Public Management Services, Inc., reports '"The program
seems to work best in small, compact areas. Some of the dispatching rules
in the program seem to be invalid in large areas when compared to actual
practice.” This is an application shown in Table 4 as not having resulted
in operational changes. The Edmonton Police Department reported that
PCAM's assumptions do not match the department's operations. "Output for queue
delays and probabilities of encountering a queue do not appear realistic.
We found we were unable to use PCAM in its present form and plan future

use of the model after we change the queuing equations to reflect our
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operations." The Yonkers Fire Department, which is not continuing to use
the Parametric Allocation Model, reports that its travel-time estimates
do not appear realistic because '"topography and geography are not fully
taken into account."

In summary, then, the fairly widespread use of PAM, FHSEM, PCAM and
the Hypercube model indicates that the models frequently survive validity
checks, but it does not indicate that they are universally applicable. On
the other hand, FIRESIM and PATROLSIM, which can be adjusted to be valid
in nearly any city, have not been used at all after their initial tests
because of their complexity. Therefore, there is a trade—off between
validity and usefulness. A model that can be used by many local governmental
agencies is likely to incorporate simplifying approximations that make it
invalid for some applications, so each new user must repeat the activity of

validation.

COSTS OF USING THE MODELS

Attributing costs to the use of deployment models is not easy. Some
costs—-—such as those of acquiring the program and running it on a computer
system——can be readily determined, but they are usually small compared to
personnel costs for acquiring data, analyzing output from the model, and
carrying out the implementation process. The costs reported in our survey
tend to depend on local perceptions of the process. One agency may assign
two half-time analysts continuocusly to resource allocation problems and
not count any of their time as being associated with the model they are using.
Another agency in the same situation might count an entire person-year in
the cost of using the model. If an agency contracts for outside technical

assistance or computer services, these costs are visible as directly assoc-
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iated with the model, while if these services are performed in-house, the
costs may be unrecorded.

Some PCAM users reported they are operating "on a shoestring." They
are working with the program during their own time (evenings and weekends)
and are using computer systems that occasionally allow free services--for
example, during system testing. They are collecting data on the pretense
that the requested information is needed for routine management purposes—-
not for a computer program. The costs incurred by such users have not
been included in the statistics to be presented below.

The discussion which follows will cover the four models that are
not simulations, since there is only one example of a complete study
conducted by non-Rand people using one of the simulation models. In that
study, conducted in Denver, the total cost associated with the simulation

model was approximately $80,000.

Acquisition Costs

Some agencies obtain copies of the computer programs at zero cost—-
for example, if they use a computer system thatalready has a copy of the
program. If the agency purchases the program from Rand, the cost depends
on whether it requests cards or tape, but generally it is less than $70
for agencies in the United States, and $120 for agencies located elsewhere,
including one set of documentation. The programs are also available from
the National Technical Information Service for $200 - $300, including

documentation, if the agency is located in the United States.

Running the Program

Most users require at least a person-day's effort to prepare the

program for operation. Those who found they had to modify the program,before
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it could be compiled on their system, required up to three person-weeks'
effort by a programmer. Compiling the program usually costs less than

$15 for computer run-time, but some agencies may make mistakes, change the
program, or transfer from one computer system to another, so typical
compiling costs are probably around $50. A high estimate for compilation
is $250, which is the amount expended in Wilmington before the Firehouse
Site Evaluation Model was successfully compiled.

For the four models that are not simulations, each run of the brogram
typically costs around $1 for computer time, and almost always under $5.
For interactive use, a typical session may last about an hour and cost
around $10 or $15. A complete analysis using the model may entail 10 to
100 runs of the program, thus incurring run-time costs around $250 for
batch use and up to ten times this amount for interactive use. TIPPA
reports that users of the interactive Hypercube model who completed an
entire study incurred run?time costs between $300 and $3400.

Users also incur costs for storing their data files and programs
on the computer system. The storage charges may vary substantially from
installation to installation, and the total storage cost depends on whether
the analysis is performéd rapidly or at a leisurely pace. The data base
for the Parametric Allocation Model is very small, and the model is often
used for only a few weeks, so storage fees might be around $10 for this
model. For the FHSEM, the PCAM, and the Hypercube model, $100 would be
a fairly low storage cost for the duration of an analysis project. The
TIPPA cities incurred storage costs between $150 and $600, depending mostly
on the size of their data base for the Hypercube model,

Overall, computer costs for compilation, run-time and storage can be

as low as $25 for the PAM, more typically range from $300 to $700 for batch
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use of the other three models or from $700 to $1500 for interactive use,
and are unlikely to exceed $4000 in a one-year period. The Palm Beach
County Sheriff's office reported a total cost of $100 for a complete
analysis using PCAM; this is probably around the lowest cost that can be

achieved in practice for the three models other than PAM.

Data Acquisition Costs.

The effort required to prepare a data base for the Parametric
Allocation Model ranged from a low of 2 - 3 person-days in Dade County
and Tacoma to a typical value of 1 - 4 person-weeks in cities with Rand
assistance and also Allentown, to a high of 4 person-months in Maryland.
The data for the Firehouse Site Evaluation was prepared with less than
1 person-month's effort in Miami and with 2 person-months' effort in
Allentown. More typical is the range from 4 to 10 person-months, which
was experienced in the Rand-assisted cities, Alexandria, and Schenectady.
Since the Patrol Car Allocation Model is intended for continuing
use, some police departments invest resources in preparing a computer
-program that will generate an updated PCAM data base periodically. Where
this activity was undertaken, the effort ranged as high as 16 person-months,
but more typically was around 3 person-months. Manual preparation of a
data base (including analysis of available computer-readable records) required
less than 1 person-month. The average effort for creating a PCAM data
base was 3.7 person-months.
Information concerning data acquisition costs was not obtained for the

Hypercube model.
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Total Costs

Users who responded to the survey were asked to estimate 'the total
personnel and computer cost for using the model in the first year." This
includes the cost for analyzing output as well as the activities enumerated
separately above. For cities where Rand had conducted fire deployment
studies using the PAM and the FHSEM, the average cost to Rand was around
$10,000; the total cost was, therefore, somewhat higher. The average
estimated cost for agencies that used these two models without Rand assistance
was $14,000, and ranged from a low of $5,000 (for PAM only) to a high of
$30,000.

For the Patrol Car Allocation Model, total estimated first-year cost
averaged $3,000 in cities that did not ﬁire outside assistance, and
$7,000 in all user cities together--including those with outside assistance.
The highest estimate was $39,000, and the next highest was $10,000. As
noted earlier, some cities failed to include the cost of personmel regularly
assigned to analysis of resource allocation, so the averages might be
viewed as representing 'perceived" costs.

Data concerning total costs were not collected for the Hypercube model.
However, considering that the conceptual similarities between PCAM and PAM
are reflected in similar costs, it seems reasonable to believe that the
conceptual similarities between the Hypercube model and the FHSEM imply

similar costs for these two models.

OBSTACLES TO ACQUISITION OF MODELS

An additional survey was conducted to determine why individuals who
have been instructed in the use of emergency service models might choose not

to acquire copies of the models. The recipients of the survey instrument
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were students in a course presented each summer at the Massachusetts
Institute of Technology by Richard Larson and Amadeo Odoni.*

The course, which is entitled "Analysis of Urban Service Systems,"
provides an opportunity for the students to hear lectures by Larson on
the Hypercube model and by me on PCAM and to operate the models in inter-
active mode using demonstration data bases.

The predominant response from students who had not acquired either
model was that they do not work for an emergency service agency and,
therefore, have no use for the models. Among students who could pdtgntially
use the models but did not acquire them, the main explanations were as

follows:

0 They could not persuade their superiors to use the models or
to budget funds for such purposes.
o] They have requested funds in next year's budget.

o They lack appropriate computer support.

CONCLUSIONS

During a period of approximately two years, around nine individuals
or agencies received copies of the Parametric Allocation Model and the
Firehouse Site Evaluation Model; over 35 received copies of the Patrol
Car Allocation Model, and a similar number received the Hypercube Queuing
Model. This experience is encouraging but not unique. For example,
Chaiken, et al. [9] reported in 1975 that the JUSSIM model [3] had been

acquired by 35 agencies or individuals,** and Jack Barry [1] reported in

* T wish to thank Richard Larson for distributing the survey
instruments and sending me the responses.
#*% JUSSIM is not an emergency service deployment model, but is a
criminal justice system plamning and analysis tool.
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1977 that 73 cities and counties had acquiréd the Fire Station Location
Package (FSLP) designed by Public Technology, Inc. [29]. The number of
recipients of JUSSIM or FSLP who actually made operational changes based
on the output from the model is not known, but perhaps in the future
surveys similar to the one reported here will be conducted for these
models, thereby adding to our knowledge about the implementation process.
Based on our experience with the six emergency service deployment
models described in this paper, some observations can be made about important
factors in the implementation process. These observations are presented
as opinions or hypotheses, since the available information is not adequate
to support firm conclusions. 1In particular, it is very difficult to deter—
mine the reasons for nonuse of a model. 1In most instances, we deduce non-
use from the fact that we have never heard from the recipients, and they

did not respond to our surveys.

Documentation

The documentation of a model plays many roles. Of course, the existence
of a user's manual is an absolute prerequisite for dissemination of a model
to recipients who do not have technical assistance from the model designer.
Thus, none of the models described here could have spread beyond the
Rand- or MIT-assisted test cities in the absence of a user's manual. On
the other hand, the availability of a user's manual does not guarantee
dissemination. The user's manuals for PATROLSIM and FIRESIM were written
according to the same format and with the same clarity as the user's
manuals for the other four models, and their availability was announced
in the same media. Yet these models have not experienced dissemination.

Indeed, it is reasonable to believe that the documenfation of the

simulation models, especially their executive summaries, have actually
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discouraged dissemination. The executive summaries specifically warn
their readers about the cost and difficulty of operating the model and
about the necessity of having a SIMSCRIPT compiler. If the executive
summaries had engaged in "salesmanship;" glossing over the difficulties,
perhaps these models would have been ordered by larger numbers of people,
who only later would realize they could not use the model.

Documentation also serves the purpose of alerting potential users to
the availability of a model. In this context, a clear, brief, inexpensive
executive summary is probably more important than a user's manual. While
the primary means by which recipients learned about a model was through
knowing or meeting the model designer or one of his colleagues, substantial
nuwbers of recipients first learned of the model through its documentation.

A curiously important aspect of documentation is an annotated program
listing. While few users ever inspect this part of the documentation care-
fully, its presence is evidently reassuring in several ways. It suggests
to the reader that the program is "finished" and not subject to repeated
modifications, even though this may not be true. Moreover, it clearly
indicatesithat the program is not proprietary and is provided without any
restrictions on changes to be made by the user. Most important, it demon-
strates that the model designer has enough confidence in his or her product

to expose it to the critical eye of other model builders.

Perception of Impact

Not only must a model address a problem that the potential user consid-
ers worth analyzing carefully, but also the nature of the likely impact
from using the model must be readily perceivable. There is a trade-off here,

because simulation models are powerful tools for addressing a variety of



- 30 -

important issues, but precisely because of their flexibility, it is
difficult for the potential user to imagine exactly what he or she will
do with the-model. Possibly this is a partial explanation for the lack
of dissemination of FIRESIM and PATROLSIM. By contrast, the other four
models have more limited uses, but their ﬁotential applications can be
easily understood.

The Hypercube model provides an informative example of the importance
of an understandable impact. This model actually has a variety of possible
uses, but it has come to be known as a tool for designing patrol beats
in police departments. Where it has been used by people who are not assoc-
iated with Larson, the purpose has been primarily beat design.

Do deployment models address important problems? TIn truth, consid-
ering the issues to which fire chiefs, police chiefs, city managers, and
mayors devote their attention, questions related to the temporal and
geographical allocation of response units must be judged to have relatively
low priority. Questions related to the total resources that will be
devoted to the police patrol function or the fire suppression function
are more important to municipal administrators, but the extent to which
the output from models can actually influence these decisions is still
open to question. TFor example, in Yonkers and New York City, a budget
reduction forced a decrease in the number of fire companies, and the models
were then used to determine how the cuts should be made. In Denver, the study
revealed that a smaller number of fire companies could provide about the
same level of service [17], but interest in this possibility preceded the
study.

As a general matter, deployment models appear to be used for decisions

that are not very important but must be made. The users are people who
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are charged with at least partial responsibility for the decision, and

would prefer to make a good decision rather than simply a satisfactory one.

Data Requirements

One might guess that if one model requires lesser amounts of data
than another model, or more readily available data, it is more likely to
be acquired and used. However, this is not necessarily so, since the
model requiring less data will also ordinarily be less accurate and have
lesser capabilities. Even when both models can be used to answer the same
policy question, the simpler model may not be the one chosen. For example,
in Fresno, the Hypercube model was used to allocate patrol cars to geograph-
ical commapds, a function which can be performed more easily with PCAM.

As mentioned earlier, am agency that is considering the possibility
of using a model does not usually view itself as making a choice among
alternative models. Therefore, we might expect the number of people who
acquire a particular model to be affected more by the techniques used to
disseminate it than by its comparative advantages in relation to other
models. In Fresno's case, the police department was offered an opportunity
to participate in a field test of the Hypercube model; the possibility of
choosing PCAM instead did not arise.

After a model is acquired, data requirements do appear to have an
influence on whether or not the model is actually used wuntil completion
of a study. Evidently most users do not really come to grips with the
problem of collecting data until the program is in hand. Several instances
of ahorted uses of the Hypercube model occurred because of the difficulty
of obtaining data, and probably some of the presumed nonusers of PCAM

(those who did not respond to the survey) were unable to collect necessary
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data. The one known nonuser of PCAM (Kansas City) did not have a data
problem. Kansas City actually wanted to redesign its patrol beats, a

function that can be performed by the Hypercube model, but not by PCAM,

Programming Language

Many emergency service agencies have difficulty finding a computer
system that they can use and that will compile a program written in
BASIC (the Parametric Allocation Model), PL/I (the Hypercube model), or
especially SIMSCRIPT (the two simulation models). Occasionally, the
agency cannot compile FORTRAN, but this problem occurs less frequently.
Nearly all agencies can compile a COBOL program.

To use one of the simulation models, an agency must be able to
modify the program as well as compile it. The absence of SIMSCRIPT program—
mers in municipal government, therefore, presents a severe restriction on
the prospects for disseminating those models, probably the most important

restriction.

Role of the Advocate

Again in this study we usually found a single person in the agency
who was an advocate for the model, pushing its implementation to a success-—
ful conclusion. Dedicated and politically skillful advocates have played
an important role in all the examples of applications that have led to
changed operations. The degree of dedication they possess is illustrated
by the examples, mentioned earlier, where models are being used despite
the absence of funding or authorization to do so. The advocates trust,
in these cases, that they will be able to persuade their superiors to use

the model, once it is running.
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Interest of the Model Builder

The fact that PCAM and the Hypercube model have been disseminated
more widely than PAM and FHSEM, is partially explained by the continued
interest of the designers of the first two models in patrol allocation
research. The designers of PAM, FHSEM, and the two simulation models
subsequently went on to other fields of research. They are examples of

"vanishing model builders."

Federal Funding

The field tests of PAM and FHSEM by Rand in Jersey City, Tacoma
and Wilmington were funded by HUD*, and the National Science Foundation
funded all the field tests of the Hypercube model conducted by MIT and
TIPPA. Moreover, the earliest PCAM users all had funding from the Law
Enforcement Assistance Administration (LEAA) for resource allocation.
Thus, federal funding has been involved in a sizeable fraction of the cases
where models have been used.

More recent recipients of the models have not had federal funding,
and over half of PCAM users are expending local funds. Thus, it does not
appear that the availability of LEAA funds to police departments, and
the absence of a similar source of federal funding to fire departments,
accounts for the large number of PCAM users as compared to, say, FHSEM users.
However, LEAA's continuing investment in improving the planning capabilities
of criminal justice agencies may now be influencing the interest in PCAM

and the Hypercube Model.

* Also, part of the work in Yonkers was funded by HUD.
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Verification and Validation

I have already mentioned the importance of verified models--that is,
computer programs that are de-bugged and work as the model designex
intended--and of the validation process. Continued dissemination of these
models would not be possible, or even ethical, if a large number of users

found they do not work as claimed.

Practitioner-to-Practitioner Transfer

Many model users reported in their survey responses that they have
recommended the model to other agencies. 1, therefore, expected to find
that many of the most reéent recipients of models first heard about them
from other satisfied users. This, however, was not the case. Emergency
service agencies still become aware of the models by having their personnel
attend training courses or by discovering the documentation of the model.

Nonetheless, I believe that satisfied users are playing a major role
in the dissemination process. Their influence is not felt at the stage
where an agency first becomes aware of the model, but later, when the
agency is deciding whether and how to use the model. At this point, the
potential user often makes telephone calls or site visits to determine what
has happened with the model in other cities. Only if the news is generally
encouraging will the potential user turn into an advocate for the model in

his or her own agency.
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APPENDIX

EXAMPLE OF A TYPICAL SURVEY INSTRUMENT

MATLED TO RECIPIENTS OF MODELS
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Survey number L-— J J ;

9
USER'S SURVEY
PATROL CAR ALLOCATION MODEL (PCAM)
Name:
Organization:
]. How did your organization first become aware of PCAM?
12

:Z. Is your organization now using PCAM?

[[] YES —= GO TO QUESTION 3
13-1

NO
13-2

Check all statements you would make, describing why the model
is not in use now.

14 [:] Model was used, and the work is now finished

15 [:] Use is planned for the future

16 [:] Couldn't compile the program on my computer system
17 [j Couldn't get the necessary data '

18 [j Couldn't understand, from the documertation, what data are
needed

79 [ ] Couldn't understand how to make a DATABASE file once I had
the data

20 [:] Personnel who knew how to run the program moved to other jobs

21 [:] Couldn't get funding or authorization for analysis using the
model

22 [] Running the model on my computer system was too expensive for
my budget

23 [:] The assumptions of the model do not match the operations of
the police department

(continued)



:2. (continued)

24| | Couldn't understand how the user operates the program

26 [:] Did not understand what decisions could be made using the
output from the model

26 E:] Change in organization or personnel, unrelated to the model

a7 [] Plans to use the model are under consideration by my superiors

28 [] Decided the model was not needed. Why?

29 [ ] other

Explain

:3. Has your organization used PCAM, either now or in the past?

[ YES | NO ———= GO TO QUESTION 4
30-1 30-2
Answer remaining

questions

3a. Name(s) of police
department(s) studied
(if different from
your organization):

3b. Bow was the program operated?
37-71 | INTERACTIVE

37-21 | BATCH

3c. Did you operate the model on your own organization's computer?

30-1[ | YES —— = What make? (IBM, CDC, Burroughs, etc.)

34-2 L;] NO Whose computer?
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:3. (continued)

3d. Did you experience any problems or have to change the program in
any way before it worked properly on this computer system?

34-1[ ] YES What?

35
34-2 [ ] wno
3e. Where did the data come from?
36-1] ] MOST OR ALL FROM A COMPUTERIZED INFORMATION SYSTEM
36-2 [ ] MOST OR ALL FROM MANUAL TABULATIONS
36-3 | | CUESSED, INVENTED, OR AS PROVIDED BY RAND (for research,
demonstration, etc.) —= SKIP TO QUESTION 3j
3f. How did you get the unavailability parameters Bl and B2?
[ ] cuEssep [] FROM DATA ON NON-CFS WORK [] FROM DATA ON
37-1 37-2 37-3  QUEUING DELAYS

3g. About how many months passed from the time you started getting data
for the model until data preparation was finished?

‘ l l months

38

3h. About how many person-months were needed to prepare the data?

l person-months

40

3i. About how many person-months are involved in analyzing the information
from the model?

l | person-months already consumed

43

l l | additional person-months planned

46

3j. What will be the total personnel and computer cost for using the model
in the first year? (Approximately)

$ [j‘ I l Source of funding
49




3.

3k.

54-1[ | YES who?
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(continued)

Did your organization have assistance from an outside contractor or
technical consultant (other tham Dr. Chaiken) in using the model?

56
54-2 [ ] wo
3. Did any police agency make changes in its operations based on the
results from the model?
56-1[_] YES Describe
56-2 | ] NOT YET, BUT PLANNED
57

56-3[ ] no

3m.

Do you have any written report describing your application of the model?

58-11 1 YES
58-2[ ] wo

3n. Did you compare the output from the model with real data (for travel
times, workloads, etc.)?
59-1[_) vEs

59-2 ] no

3o0.

60-1[ ] YES What?

Did any output from the model appear unrealistic (either by comparison
with real data or from gut feeling)?

61

60-2[ ] wo

4.

Is future use of the model planned?

62-1[ ] YES

62-2 [ ] wo
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5. Check if anyone in your organization had a direct in-person contact
with any of the following people:

63 l:] Jan Chaiken (designer of PCAM)
64 D Richard Larson (designer of the Hypercube Queuing Model)

65 [:] Nelson Heller (The Institute for Public Program Analysis)

6. Have you recommended PCAM to any other organization?

66-1[ ] YES — = Who?

66-2 [ ] wo

7. Did you require any assistance from Dr. Chaiken (other than purchasing
the model and documentation)?

67-1 D YES —®= Was the assistance satisfactory?

67-2 [ ] wo

8. Do you have any comments about PCAM? (Good features, changes needed,
additional items of output that would be desirable, problems encountered,
whether it is more or less expensive than you anticipated, etc.)
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S?. Do you have any comments about the documentation or newsletters
(if you have received any)?

Please return completed questionnaire to:

Dr. Jan M. Chaiken

The Rand Corporation
1700 Main Street

Santa Monica, CA 90406



10.

11.
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