Air Force Institute of Technology

AFIT Scholar

Theses and Dissertations Student Graduate Works

9-1984

Measurement of Air Force Fire Department Productivity: An
Evaluation of Efficiency/Effectiveness

Timothy A. Byers

Susanne M. Waylette

Follow this and additional works at: https://scholar.afit.edu/etd

b Part of the Operational Research Commons, and the Other Civil and Environmental Engineering
Commons

Recommended Citation

Byers, Timothy A. and Waylette, Susanne M., "Measurement of Air Force Fire Department Productivity: An
Evaluation of Efficiency/Effectiveness" (1984). Theses and Dissertations. 5524.
https://scholar.afit.edu/etd/5524

This Thesis is brought to you for free and open access by the Student Graduate Works at AFIT Scholar. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of AFIT Scholar. For more
information, please contact richard.mansfield@afit.edu.












- "
..................

assigned in Table 6.8 for training, inspections, real

property at risk, mid skill level, and low skill level.

E DMU Relative Efficiencies

It has been shown how important it is to have complete
information about the efficient units in a facet in order to
draw conclusions about the inefficient unit. Additional
conclusions about efficient (frontier) units can be drawn by
considering the number of appearances of those units in the
facets of inefficient ones. Table 6.9 shows the number of
appearances of each efficient DMU in the facet of an
inefficient DMU.

Note that units 13, 25, 46 and 47 do not appear in any
facet of any inefficient unit. It is thus possible to
comment that these units may not actually be efficient, but
appear to be so only because of special descriptive
i features. On the other hand, unit 44 appears in the facets
of 25 of the 27 inefficient units, strong evidence of its
relative efficiency. This information is useful for

y management in analyzing the effect that DMU behavior has on

the efficiency of other units and also in determining
3 relative optimal combinations of measurement values.
i : The next chapter will introduce the manager's use of

the input and output change reports and describe a proposal

to integrate CFA into a Civil Engineering automated

L)

management system.
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VII. Air Force Fire Protection Automated
Management System

This chapter develops the use of the results of
Constrained Facet Analysis (CFA) by the individual Fire
Chiefs and by the Major Commands and also discusses the
integration of CFA into a Civil Engineering automated

management system.

Use and Distribution of CFA Results

The products generated by CFA provide management
information for all levels in Civil Engineering. The
summary and lambda files are most useful at MAJCOM and Air
Staff levels. Here broad evaluations of efficiency and
effectiveness can be applied across base and MAJCOM
organizational boundaries. As stated in the problem
statement in Chapter I, efficiency is not the only criterion
of interest in the management of fire departments.
Effectiveness goals must also be addressed. Perhaps several
fire departments, including some of the frontier units, have
been producing levels of output which are considered to be
too low by managers. Perhaps goals should be established in
an attempt to increase levels of achievement of units, thus
improving their effectiveness.

Effectiveness, as defined in Chapter I, is the ability
of an organization to attain its goals. 1In the case of Air

Force Fire Departments, this involves mission support as
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specified in both the strategic (long-range) and tactical
(short-range) planning processes. The Fire Department, as
any military organization, should use this process to set
its long-range gr~als and the short-range goals that support

them. To achieve the desired results, the Fire Chief should -

4 PR VO B SRR

guide and lead the department's members indirectly toward

the establishment and achievement of these lower level
goals. The long-range goal of constructing a new fire
station, staffing it, and equipping it with apparatus would

require yearly strategic and operational goals by MAJCOMs.

- - d

Decisions about features of specific pieces of apparatus and -
for equipment to go in the new station, based on past and ffﬂ
projected record of fire department activities, are required o

- ]

sometimes in a short period of time. -

&
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In order for a fire department to operate effectively S

and efficiently, personnel should be selected and allocated

where needed to take advantage of the new employees'

4
S0
LI §

abilities and leadership. Likewise, vehicles and equipment
should be allocated to organizations that can benefit the
most. CFA provides a way to look at the total labor force ;'-

and identify efficient and inefficient units so MAJCOMs can

allocate senior noncommissioned officers (NCOs) to
inefficient units, even though an efficient fire department
may also need an NCO. Presently, allocation of this

resource is an opinionated evaluation performed by Major

Command managers.
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Vehicles are allocated based on age and mission of the

fire department. Managers at the MAJCOM are provided input

manager, in this case the individual Fire Chief. The report

from an automated tool referred to as the Vehicle Integrated 9:;
Management System (VIMS) maintained by the Transportation ﬁ;;
i Branch. VIMS forecasts vehicle replacements based on the ;E;
factors listed above. After VIMS identifies old vehicles to !
be replaced or new vehicles available for distribution to
fire departments, MAJCOM managers employ individual :f'
subjective evaluations and decisions on who gets the new :ﬂ
vehicles. If MAJCOMs had the CFA results indicating the
role of vehicles in the efficiency of a unit, their : ;li
decisions could be more objective and justifiable. ?ff
The output product consisting of the input and output f;;
change reports is published for and distributed to the DMU %;;

provides the following information:

- the efficiency rating of the Fire Department --‘
- the input and output values used for the analysis of
the unit
- the ouput values needed to attain efficiency of 1.00 -EJ
if current inputs are maintained i
- the input values needed to attain efficiency of 1.00 ,fﬁs
if current outputs are maintained el
» & N M N
- the relative contributions of individual outputs and ‘:
inputs to the lower bound efficiency rating .
- the identification of the efficient departments that 'f{
have input levels similar to that Fire Department D
I_f
s
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The Fire Chief then can set his own management goals
and be aware of the departments from which to gain

information on improving his efficiency.

Automated Management System

In order to manage its fire protection program, the Air
Force is faced with the problem of measuring the adequacy of
its fire protection resources. Traditionally, this
measurement has been fragmented. A variety of methods have
been used, including Major Command Staff visits, Inspector
General visits and a diverse range of reporting procedures.
In general, these have been less than totally satisfactory
(29:1).

The Air Force Fire Protection Program needs a system
that will provide improved fire protection measurement.
Ultimately, the goal is to provide decision makers at all
levels in the program with improved information on which to
base decisions relative to future directions for Air Force
fire protection. Three goals at the individual installation
level include:

1) provide an objective evaluation of the installation
fire protection program based on actual measures of inputs
and outputs;

2) identify specific deficiencies at specific Air
Force installations and provide relative priorities for

corrective action; and

110
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3) recommend corrective actions for identified

deficiencies.

The goals at Major Command and Air Force Headquarters level

should include:

P
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1) provide the summary information regarding overall

fire protection status;

2) collect data from the system that would indicate
program trends when accumulated over a period of time; and o

3) know the status and trends relative to existing

MR it
-
o~ A

fire protection requirements and know which fire departments

A T

ﬁ were relatively inefficient compared to others with similar t?
IARA
i input/output mix, This information would provide the basis .
for: :ijﬁ
a) fire protection budget requests and fiﬁ
e s B
justification; AR
b) redistribution of fire protection resources ;fﬁ
(e.g., vehicles and manpower) where imbalances f‘”
are detected; L\cﬁ

c) modifying and clarifying fire protection

requirements when it becomes apparent that such
action is warranted.
Finally, such a system would provide a structured base

of information relative to existing and projected fire

protection resources that could be correlated with actual

fire incident experience. By jointly analyzing Fire

Department efficiencies and goals, it would be possible '

L L - W -~ .
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to more accurately evaluate the various fire protection
alternatives. Again, the end result would be an improved
basis for management decisions affecting Air Force fire
protection.

The integration of CFA into the management system would

provide broad based information on most aspects of both

efficiency and effectiveness. Uses of the CFA-based system
include fire department profiles, contingency planning and —_—
annual reviews where MAJCOMs can monitor trends that will be
beneficial in allocating resources to fire departments.

Fire Department Profiles. In addition to the reports ;;;
which are routinely operated by base level users, the

MAJCOMs can use the system to search for fire departments in

the data base which have any specified input and output t**
characteristics and they will be able to generate fire 5{3
department profiles. The profiles will include the EEE
distribution of input, output and efficiency ratings for Eif

fire departments which will indicate how each department's

resources, effectiveness and efficiency compare to other

fire departments in the same command and to those Air Force

-

wide.
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Contingency Planning. Another area where a CFA-based
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system can help MAJCOM planners is its use in wartime and

'
Siia e

contingency planning. A MAJCOM can manipulate the input and
output measures to reflect changes in contingency situations

and forecast efficient and inefficient fire departments. In

112 o
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this situation all military will leave the CONUS base,
aircraft sorties will increase or decrease, base missions
will change, and other measures will change depending on the
installation's wartime commitment. After the wartime
scenario is established and CFA applied, one can determine
where resources need to be reallocated to improve efficiency
ratings at CONUS fire departments.

Annual Reviews, Finally, the MAJCOMs will be able to

review fire departments on an annual review basis. The
annual review process will provide a comprehensive method
for monitoring the status and trends of the total Air Force
Fire Protection Program. MAJCOMs will be able to obtain
information regarding the allocation and distribution of
scarce resources to fire departments. Some of the questions
that can be answered using information from the proposed
system include (12:3):

- How well are fire departments meeting goals?

- What distribution of scarce resocurces would result

in the best overall service levels?
- Given existing resource availability, what level of

services can be accomplished?

Conclusion

CFA analysis of a Fire Department has been shown to
provide valuable information for the Fire Chief in improving
both his efficiency and effectiveness. The extension of

this method into an integrated automated management system
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presents an opportunity for Civil Engineering managers at

every level of management to use information and analysis

from several data sources to develop the optimal

productivity improvement strategy. Thus, the best use of

CFA analysis results for each level of management has been -

proposed and the fourth research question answered.
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VIII. Conclusions and Recommendations 3
This chapter presents the conclusions and ;
recommendations of this research. The conclusion restates ’
the research problem and then summarizes the results of
each research objective. The effects of the CFA model's _
limitations will be presented in this chapter, along with i_f,
recommendations to improve the CFA efficiency model for fire
departments.
-
Conclusions .
The Air Force Engineering and Services Center (AFESC) :'?
has supported this research to find an efficiency model that :ﬁ'
will measure fire department efficiency. Measuring the ﬂ;é
efficiency of Air Force fire department performance is a ;ug
complex problem because of its multiple input, multiple iéf
output characteristics and because of a lack of quantitative ”
measures., ]
Research Objective 1 ;;uﬁ

A comprehensive set of input/output candidates were

selected using the list of tasks developed at the AFESC Fire
Department functional review workshop. The data form

developed to collect information from CONUS Base Fire

AP
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Departments was reviewed for adequacy, completeness, and

data availability by Air Force fire protection experts.
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Fiscal year 1983 data from 81 bases was collected with the

sponsorship of HQ AFESC through the CONUS Major Command's.

Research Objective 2

The research reviewed linear regression and ratio

analysis and determined that neither can correctly identify . :;%%
inefficiencies within multiple output, multiple input
organizational units. These models cannot capture the
interactions between inputs and outputs. However, a new ;:;
approach, Constrained Facet Analysis (CFA), has been
developed that does take into account simultaneously the
relationship of multiple inputs and multiple outputs using p'
empirical data. It was therefore determined that CFA was
apparently the best model to analyze Fire Department
performance. OQnce the CFA model was selected for use, the
data could be prepared for analysis.

When the data forms were returned to the authors, they

were screened for completeness and validity. The data from

the 63 remaining organizations, consisting of 42 outputs and af;fﬂ
30 inputs, were then cleansed, edited, and coded into CFA af
format. Reduction of the variables to satisfy the matrix ?1-4
dimension constraint of CFA was the next step. This was | f*
accomplished using a combination of 1) replacing subsets by iﬁ
total quantities; 2) combining like data; and i; :

3) statistically reviewing the data using Pearson - ﬁf{f:
T Te 4
Correlations. The final data set contained 8 outputs and 12 ]

inputs to be used in seven different combinations.
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