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Abstract

Previous research in transportation performance measures found current measures
in the operations and maintenance functions inadequate by transportation officers Air
Force wide. Past research focused on existing measures and only two transportation
functions. Conversely, this research evaluates existing and proposed measures for all
base-level transportation functions. The goal of this research is to establish a standardized
set of transportation metrics. Metrics are a measuring tool and a component of strategic
planning; metrics help organizations meet goals related to customer satisfaction. The
research’s goal was accomplished by surveying enlisted personnel, officers, and civilians
serving in the Air Force. The sample consisted of transportation personnel (transporters)
and customers of transportation. The preferences of the subgroups regarding all existing
and proposed measures on a survey instrument were compared to establish the set of
transportation metrics. The findings indicate a high correlation between transporters and
customers; both groups agreed on their preferences of most measures. The findings also
indicate a dissatisfaction with existing transportation measures and an eagerness for more

meaningful measures.
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ESTABLISHING A STANDARDIZED SET OF

BASE-LEVEL TRANSPORTATION

METRICS

l. Introduction

Chapter Overview

The leadership of the United States Air Force recognizes that continuous
improvement is a worthy goal. The adoption of Total Quality Management (TQM) in the
Air Force resulted in a change in management philosophy and strategy that sought to
continuously improve day-to-day activities (processes). With continuous process
improvement, all processes, activities, and resources are subject to scrutiny and change.
Dorsey J. Talley succinctly stated, "if you cannot measure it, you cannot control it. If you
cannot control it, you cannot manage it -- it's as simple as that. Measurement truly
separates a successful improvement process from one that fails" (Talley, 1991 xi). To
ensure continuous process improvement, a tool is needed to measure the system, policy,
or product, so that trends may be observed and appropriate actions taken. This
measurement tool is known as a "metric."

Metrics are "measurements made over time, that communicate vital information
about the quality of a process, activity, or resource” (AFMC Pamphlet 74-9:11). They are
meaningful measures that compel appropriate action. The ability to implement change
based on accumulated data distinguishes between a measurement and a metric (AFMC
Pamphlet 74-9:28). To be useful, a measure must also be associated with an

organization's goals.
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To identify and describe the responsibilities of the base transportation function, a
functional organizational chart for a typical Transportation Squadron is shown in Figure
1.1. These responsibilities can be subdivided into categories as follows: the traffic
management branch moves personnel, personal property, and cargo. The following

paragraphs describe the various responsibilities of the traffic management branch:

Personnel Movement. The major transportation activities involved in the movement of
personnel are counseling, routing, reservations and travel documentation, air terminal
processing, lost and found baggage processing, and management reporting.

Personnel Property Movement. The major activities involved in shipping personnel

property are entitlement counseling, inspection, inventory, shipping and receiving,
non-temporary storage, and claims and management reporting.

Transportation Command Section

|
5 | |

Traffic fvﬂanagemem Vehicle lidaintenance Vehicle Qperations Combat Readiness

{
Cargo Movement Operations
Personnel Movement Fleet Management
Personnel Property Movement

Figure 1-1. Organizational Chart for a Typical Transportation Squadron

Cargo Movement. The major activities involved in the movement of cargo are shipment
planning, consolidation and packing, expediting and tracing, terminal processing, and
management reporting.

The vehicle operations branch operates the government-owned vehicle fleet for

the base. Every base vehicle must be obtained through and accounted for by this office.




Vehicle Operations, The major activities involved in the operation of vehicles includes
providing taxi service, licensing military driver's, and dispatching.

Fleet Management. The major activities involved in the management of the vehicle fleet
include inspecting vehicles, reporting fleet size and condition, and tracking vehicles. The
reports from this branch weigh heavily in the procurement of additional vehicles for an
individual base.

The vehicle maintenance branch repairs or modifies government vehicles and
vehicle equipment. This branch also maintains maintenance records on all government
vehicles, schedules routine (preventive) maintenance, and determines useful life spans.

The combat readiness branch provides training for mobility of equipment and
personnel and plays a vital role in any deployment; it inspects, tracks, and transports
personnel and equipment from diverse base locations through a processing center and onto
aircraft in a timely manner.

The four branches report to a transportation commander. The transportation
commander reports the health of the branches to the logistics commander and wing
commander in turn. There are hundreds of activities that culminate in an individual
branch's performance. Because of the diverse nature of these various activities within each
branch, it is difficult to judge performance without effective metrics.

As a component of strategic planning, metrics help managers of organizations meet
‘goals related to customer satisfaction. To meet these goals, metrics measure processes to
maximize customer satisfaction. The first step in using metrics involves identifying goals,
objectives, and specific tasks. Next, implementing metrics calls for collecting and

analyzing data and imposing process changes based on that data.

Background: Performance Measurement
The Industrial Revolution, which started in England at the turn of the eighteenth

century and lasted until about 1885, served as the catalyst for the development of the
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management discipline (Gray and Smeltzer, 1989: 43). Shortly after this time, Fredrick
Winslow Taylor developed Scientific Management, a system of work organization,
standardization, and specialization that was designed to measure the efficiency of unskilled
labor. His theories involved measuring the most productive worker in a factory and
basing a standard on his or her output (Haber, 1964:32). Several decades later, Dr. W.
Edward Deming brought Scientific Management up to a new level, and is widely
considered the father of modern quality management.

Tn 1950, Deming left the United States to teach statistical control processes in
Japan. It was not until 1978 Deming's reputation first came to the attention of a few auto
executives in Detroit who were concerned about losing market share to Japanese
automobiles (Evans and Lindsay, 1993:3). Partly due to Deming's advice, the auto
industry in the United States has regained some of its market share by building better, fuel-
efficient cars. Deming's advice included stressing better, more intelligent ways of doing
routine activities. He is well-known for saying, "People [should] work smarter, not
harder" (Deming, 1982:3).

In the 1980s, numerous American companies adopted principles of quality set forth
by Deming. In 1988, Secretary of Defense Frank C. Carlucci formally adopted Total
Quality Management (TQM), a broad concept encompassing many topics that seek to
improve management (Bond, 1991:58). This concept resulted in new bureaucracies
whose function was to train and implement TQM at every base. In individual
transportation squadrons, groups were formed to develop metrics. These metrics,
however, were not the measurement tools used in transportation squadrons. Process
measurement in Air Force transportation squadrons did not begin in 1988, but in 1968

with the Transportation Integrated Management System (TRIMS).




Background: Measurement in Air Force Transportation

TRIMS was initially intended to create a database capable of interfacing with other
functional areas within transportation for on-line data retrieval (Directorate of
Transportation, 1968:1-1 - I-5). However, TRIMS was never fully implemented and a
subsystem of TRIMS, the Vehicle Integrated Management System (VIMS), was
established in its stead in 1970. VIMS data was intended to provide management with a
basis to better solve problems (Directorate of Transportation, 1969:10-11). Performance
indicators, such as vehicle out-of-commission (VOC) and vehicles down-for-parts (VDM),
were established to compare performance of vehicle maintenance units.

The adoption of TQM in the Air Force resulted in a change in management
philosophy and strategy that should be linked to performance measures. VIMS measures,
such as VOC, do not track performance. An acceptable VOC rating may be achievéd by
quick-fixes since VOC rates decrease as the time to close work orders decreases. Because
TQM suggests that measurement strategy should change, measurement systems should

likewise change.

General Issue

In 1989, Lieutenant Kevin N. Brewer conducted a survey which asked whether
current measures (VIMS) in vehicle operations and vehicle maintenance flights were
useful. His conclusions found that some VIMS measures were perceived as useful, but
that further research should be conducted with measures suggested by respondents in the
surveys. He concluded that there is a dissatisfaction with VIMS measures, but that
transportation commanders were willing to continue using VIMS if no useful alternative
was offered.

Brewer asked, how do you measure and quantify customer service in

transportation? (Brewer 1989:7) This question called for an analysis of selected measures




based on productivity. His results showed many transporters doubt the usefulness of
current measurements based on productivity, and have endorsed an effort to analyze all
measurements, existing and proposed measures, to come up with a universal set of useful
metrics (Brewer 1989:97).

Brewer's research showed base-level transportation squadrons use performance
measures that do not assess productivity accurately. Transportation metrics, quality
measures that drive appropriate action, would more accurately assess productivity. Even
before TQM was formally adopted, there was an expectation to improve processes and
service overall. With ever-increasing attention on quality improvement, accurate metrics

are essential.

Specific Problem Statement

In 1968, the Air Force implemented Transportation Integrated Management
System (TRIMS). This was the first formalized measurement system for Air Force
transportation squadrons. Although every transporter is familiar with the subsequent
VIMS measures, their usefulness has not been proven. Brewer's study showed most
transportation officers believed that most measures did not convey useful information
(Brewer 1989:40).

Since the implementation of TQM in the Air Force in 1988, specific metrics for
individual squadrons have been developed. The combination of existing VIMS measures
and measures created by individual squadrons in response to TQM has created a
bureaucracy in transportation squadrons whose tasks involve measuring and tracking
measurements.

A single set of transportation metrics would increase overall efficiency for various
reasons. New squadron commanders could immediately recognize what operational goals

are, who the customers and processes involved are, and how the processes are measured.
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The commander could focus on continuous process improvement based on these data.

The focus of the proposed set of metrics would be on the continuous improvement of
individual units. The metrics may also be used to compare units, but this alternative is not
the main objective. Personnel transferring to another base would benefit from the
consistency borne of similar metrics. A standardized set of transportation metrics would
eliminate the need for every squadron to commit resources developing their own. Because
it would be developed considering Air Force objectives, the set would also direct
squadrons toward common goals.

Section Summary. VIMS measures and new measures conceived in response to

TQM have not been proven completely useful. Moreover, their continued collection
detracts from more important work in transportation squadrons. Consequently, a well-
researched singular set of transportation metrics would increase efficiency. The purpose
of this research is to analyze past measures and proposed measures to establish a set of ten

quality transportation metrics.

Research Questions
The overall objective of this research is to provide a usable set of metrics for Air
Force transportation squadrons. This objective may be accomplished by asking the

following questions:

1. What measures are currently being used in Air Force transportation squadrons?
2. Upon what qualities should the set of transportation metrics be based?
3. What current transportation measures are useful, and what proposed measures (not

currently used) are useful, based on the opinions of transporters and their customers?

The first research question is important because measures are constantly being

created as a result of TQM initiatives. Data from VIMS measures are still being collected,
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but not every base collects the same measures. The measures suggested by responses to
open-ended questions on Brewer's survey offer still more possibilities.

The second question is equally important because measurement qualities differ
depending on their intended use. Metrics, as quality tools of TQM, primarily seek to
improve processes as their primary focus. This kind of measurement may not be useful for
comparing organizations, but it will improve an individual organization. The qualities
upon which the set of transportation metrics should be based therefore need to be
consistent with a process improvement focus.

The perceptions of transporters and customers of transportation are essential to
conclusively determine which measures are useful. Usefulness is determined by accurately
measuring productivity and adhering to the quality criteria set forth in investigative

question two.

Definition of Performance Measures
Performance may be defined in many ways. The general definition of performance
is actual output over expected output. Karlene Crawford gives the following

comprehensive definition of a performance measurement indicator:

[it is] the relative element used to evaluate macro-, micro-, long-term, short-term,
flow, static, functional, and overall performance by evaluating the inputs, outputs,
transformations (including level of technology), and productivity in a
manufacturing or non manufacturing operation. (Crawford 1988:240)

Performance indicators were also researched by Brewer. After examining the opinions of

four authors, Brewer determined the following seven criteria comprise a good measure:

1. Validity
2. Coverage
3. Comparability

4. Completeness
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5. Usefulness
6. Compatibility
7. Cost Effectiveness

Many similarities can be found when linking Brewer's research to transportation
metric development. The criteria for a good performance indicator parallel criteria fora
good metric. Productivity and performance definitions comprised the majority of Brewer's
research. Metrics, by definition, contain these elements, but also contain quality concepts

such as brevity, repeatability, and simplicity.

How Metrics Fit in the Organization

Measurement is an inseparable part of quality improvement. "Making decisive
progress without knowing where you were, are, and want to be is nearly impossible"
(Fitzgerald, 1989:40). Metrics are vital to successful implementation of quality
management.

Metrics are linked to strategic planning. Improvement starts with an organization's
mission. Goals are then defined, which are generally related to customer satisfaction; the
customer is either the next step in a process or the end-user. Because it is not always
possible to elicit continuous feedback from customers, metrics are assumed to incorporate
customer satisfaction. That is to say, "if measure X exceeds a predetermined level, then
we know the customer is satisfied." In sum, a strategic plan seeks to satisfy customers.
Customers are satisfied if a metric exceeds a predetermined level. Therefore metrics are a

component of strategic planning.
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Scope/lLimitations

The results of this research will formulate a response to the overall management
question, "Can a useful set of transportation metrics be established that will increase
performance and productivity while maintaining the characteristics of a good metric?"
This research study will survey transporters and customers of transportation as the target
population. Their perceptions of current and proposed performance measures, based on
four criteria, will help develop a set of transportation metrics. This research will attempt
to evaluate measures for all transportation branches: vehicle maintenance, vehicle
operations, traffic management, and combat readiness. Performance measures were

gathered from fifteen bases, Headquarters Air Force Material Command, and prior

research.

Summary

Quality means continuous process improvement. Metrics are meaningful measures
that motivate behavior that will result in continuous process improvement. Measurement
is essential to continued progress in the Air Force, including base-level transportation
squadrons.

Chapter II examines past and current literature on the subject of measurement in
géneral and metrics speciﬁcally. The evolution of measurement in Air Force
transportation will also be explored, as well as the origins of metrics within the TQM

movement.
Chapter III describes the methodology used to accomplish this study and justifies

why this method was chosen. Statistical tests applied to the survey data are defined,

explained, and justified.
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Chapter IV presents the results and analysis of the study. Tables of important
demographic data, percentage descriptive statistics, frequencies of votes for various
measures, and results of chosen statistical tests are contained within this chapter.

Chapter V concludes this study and offers specific recommendations. This chapter

includes a general outline for subsequent studies of metric use and development in the Air

Force
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ll. Literature Review

Introduction

According to the latest authority on metrics in the Air Force, AFMC Pamphlet 74-
9 -- The Metrics Handbook, a metric is defined as:

A measurement, taken over a period of time, that communicates vital information

about a progress or activity. A metric should drive appropriate

leadership/management action. Physically, a metric package consists of three

parts: (1) An operational definition, (2) Measurement over time, and (3) A
presentation package. (AFMC Pamphlet 74-9:13)

In a broad perspective, quality is driven by process improvement, and process
improvement is measured by metrics. In this chapter, I will first discuss the origins of
measurement as used in the manufacturing industry. I will then describe why
measurement is important and what should be measured. Next, I will detail what
attributes make a good metric and how metrics are developed. Finally, I will discuss

measurement in Air Force transportation, its origins and recent research.

History

Measurement in industry began with Frederick Winslow Taylor's Scientific
Management (Grey and Smeltzer 1989: 45). His theories consisted of a system of work
organization, standardization, and specialization that was designed to measure the
efficiency of unskilled labor. His theories involved measuring the most productive
worker in a factory and basing a standard on his or her output (Haber, 1964:32). Though
measurement was in its infancy, Taylor posited that a product or service was the result of
a series of processes that can be measured, improved, and ultimately perfected. From his

ideas, other people found constructive uses for this scientific approach to management.




In the years that followed, measurement was increasingly used to improve manufacturing
processes culminating in a revolutionary management philosophy popularized by W.
Edward Deming. Deming brought scientific management to a new level and is widely
considered the father of modern quality management.

In 1950, Deming left the United States to teach statistical control processes in
Japan. In 1978, the reputation of Deming first came to the attention of a few auto
executives in Detroit who were concerned about losing market share to Japanese
automobiles (Gabor, 1990:31). Deming said, "people [should] work smarter, not harder"
(Deming, 1986:1). To Deming, America's quality crisis was symptomatic of a
fundamentally outdated management system that focused on short-term results at the
expense of the process, the customer, and long-term achievements.

Andrea Gabor analyzed Deming's contributions to American corporations; she
suggested that Deming called for "a more systematic approach to pursuing customers and
product strategies to replace the mentality of planned obsolescence that worked in the
seller's market of the 1950s and 1960s but [was] hobbling American businesses since the
1970s" (Gabor, 1990:7). The historical catalyst for quality in America was the erosion of
market share to Japanese corporations.

Deming's contributions enabled American companies to improve quality and
regain market share. Facing a competitor's product priced below their cost to build

comparable models, Xerox Corporation adopted Deming's techniques in 1979:

Xerox has undertaken one of the most ambitious quality drives of any
major US company. The copier pioneer spent years formulating a corporate
quality blueprint that was intended to do nothing less than re-invent [Total Quality
Control] by giving it a decidedly American twist. Today Xerox credits that
strategy with making it the first US company to recoup lost market share for the
Japanese. (Gabor, 1990:188-189)
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Prior Research of Base Level Transportation Performance Measures

In 1972, Captains Donald H. Weisert and Sidney H. Clarke conducted research to
determine what performance indicators should be used for the base level transportation
function. Their thesis was mainly interested in identifying activities of transportation that
could be used in a computerized data base. The research attempted to answer what
activities should be measured, the quantitative methods for measurement, and what
standards should be required for the various activities.

Among their findings was a validation of established Vehicle Integrated
Management System (VIMS) measures. An excerpt from the summary section states that
the indicators considered useful by the researchers, "percent of vehicles down for parts”
and "percent of vehicles down for maintenance,” were the same as those considered
useful by the majority of the respondents (Weisert and Clarke 1972:66). The research
validated existing measurement indicators. Even though the VIMS measures received a
mandate from the respondents, this mandate was not permanent. Years later the same
population, that is, transportation officers, voiced their dissatisfaction with VIMS
measures in another thesis.

In 1989, Lieutenant Kevin N. Brewer conducted a survey which asked whether
current measures (VIMS) in vehicle operations and vehicle maintenance flights were
useful. He utilized the expertise of 67 transportation officers. His conclusions found
that some VIMS measures were perceived as useful, but that further research should be
conducted with measures suggested by respondents in the surveys. Brewer admitted his
target population (transportation commanders only) and size (67 persons) did not
augment the validity of his conclusions. He concluded that there is a dissatisfaction with
VIMS measures, but that transportation commanders were willing to continue using

VIMS if no useful alternative were offered (Brewer 1989: 97).




A thesis focusing on the VOC rate measure is currently being researched by
Captains Larry Audet and Christopher Arzberger. Their preliminary findings show the
VOC rate does not reflect the three criteria for a quality performance measurement

system: productivity, efficiency, and effectiveness (Arzberger and Audet 1995:14).

Principal Idea: Why Measure?

Deming designed fourteen steps for quality improvement based on six principal
ideas. These ideas emphasize the importance of the customer, training, and commitment
to quality at all levels. His fourth idea, that "change and improvement must be
continuous and all-encompassing" is consistent with his ideas presented in works by
contemporary authors (Gabor, 1990:18). In his book, Out of the Crisis, he offers several
points to induce transformation of management. His fifth point is to "improve constantly
and forever the system of production and service" (Deming, 1986:49). Contemporaries
of Deming, Philip Crosby, and J.M. Juran, also note the need for continuous
improvement (Tenner and DeToro, 1992:23-24). Measurement is necessary for this
process.

Dorsey J. Talley links measurement to process improvement in his book, TOM --

Performance and Cost Measures: The Strategy for Economic Survival. Regarding

measurement, he says, "if you cannot measure it, you cannot control it. If you cannot
control it, you cannot manage it -- it's as simple as that. Measurement truly separates a
successful improvement process from one that fails" (Talley, 1991: xi). We can see the
connection between continuous improvement and measurement, but we still need to
know what to measure.

Measurement is also important for strategic planning. Robert S. Kaplan and
David P. Norton discussed the impact of measures on performance. Talking about

present-day managers, they lamented that these managers "rarely think of measurement as
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an essential part of their strategy," but later emphasized, "effective measurement,
however, must be an integral part of the management process" (Kaplan and Norton,
1993:134). Metrics provide executives with a comprehensive framework that translates a
company's strategic objectives into a coherent set of performance measures.

In his book, Planning for Quality, J.M. Juran uses measurement as the key
facilitator for strategic decision making. He states, "[measurements] provide an agreed
basis for decision making. One purpose of measurement is to provide factual assistance
for decision making by diverse human minds" (Juran, 1988:76). Therefore strategic
planning can also be aided by metrics.

Measurement is an inseparable part of quality improvement. "Making decisive
progress without knowing where you were, are, and want to be is nearly impossible"
(Fitzgerald, 1989:40). Quality management techniques have progressed measurably since
Taylor's Scientific Management. Metrics are vital to successful implementation of

quality management.

Importance of Appropriate Measures

Previously, process improvement has been linked to measurement. It can then be
said that the reverse is also true. That is, one method to inhibit process improvement is to
measure the wrong elements of a process. Measuring inappropriate elements wastes time,
effort, and resources. An organization's goals focus attention on important processes.
Tom Peters says we should "measure what's important” (Peters, 1987: 483).‘ Put another
way, measuring for the sake of measuring accomplishes little or nothing. In service-
oriented industries the activities needing improvement are not always distinct. It is
important to specify the particular activity targeted for improvement. In manufacturing,

these activities are fairly obvious, but many companies in America and the U.S. Military
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are service-oriented. Table 2-1 will show some common metrics in service industries to

illustrate what kind of metric is needed in the military.

Table 2-1. Examples of Metrics (Evans and Lindsey 1993:556)

Organization Sample Metric
Hospital Lab test accuracy
On-time delivery of meals and medication

!
|
Insurance Company Claims-processing response time ‘
|
t

Billing accuracy

Post Office Sorting accuracy
Percent express mail delivered on time
Ambulance Response time

Police Department  Incidence of crime in a precinct
Number of traffic citations

Hotel Proportion of rooms satisfactorily cleaned

Transportation Proportion of freight cars correctly routed
Dollar amount of damage per claim

Auto Service Percent work completed on time

Number of parts out of stock

Dennis Kinlaw thinks the goal of measurement is based on three elements. He
believes quality measures are those that gauge output, work processes, and customer
satisfaction (Kinlaw, 1992:12). Output and work processes are readily understandable,
but customer satisfaction requires some elaboration.

According to Juran, customers are "all persons who are impacted by our processes
and our products" (Juran, 1988:8). It follows that customers could be anyone within the

organization or outside the organization that is impacted in some way by an

organization's process.




Deming states "quality is defined by the customer" (Gabor, 1990:18). Because
the customer is the most important person in the process, measurements should be
tailored to benefit the customer. An example of this kind of measure is, "when you move
and use military services, do packers mark each box identifying the content to ensure
proper care is taken?" Satisfaction, including courteous treatment and promptness, may
be measured in this way. Kinlaw postulates that by measuring the product or service
received by the customer, increased satisfaction would result (Kinlaw, 1992:31).
Measuring customer satisfaction is difficult and requires the identification of the
customer and the customer's need.

Determining what to measure is an important step. Organizations often "borrow"
metrics from other organizations to benefit their processes and measure customer
satisfaction. Using another organization's measures, however, may not always work.
Fortunately, there are established attributes of a good metric that can aid an organization

in deciding what to measure.

Aspects of a Good Metric
Many elements make a good metric. The Metrics Handbook suggests eight

fundamental attributes:

[a—

. Tt is accepted as meaningful by the customer.

It tells how well organizational goals and objectives are being met through
processes and tasks.

It is simple, understandable, logical and repeatable.

It shows a trend.

It is unambiguously defined.

Its data is economical to collect.

. Tt is timely.

Most importantly:

8. It drives the "appropriate action." (AFMC Pamphlet 74-9:6)

N

N oV W
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Meaningful to the customer. This attribute simply means that persons or
organizations utilizing a metric should find it useful. As discussed earlier, the customer is
the most important element in quality management. Because the customer is the most
important element, a metric must take into account what is important to the customer.

Organizational goals and objectives. A metric does not exist merely to keep
some workers busy. The mission of an organization should be the focus of these
measures. By their use, an organization should be able to tell how well it's doing and
what areas are deficient. Simple progress toward a goal is not an adequate condition for a
metric - a metric meets organizational goals through continuous process improvement.

Simple, logical, and repeatable. "Simple" means that the data can be understood
by anyone. Complex measures are ineffective. Crosby adds, "Quality measurement is
only effective when it is done in a manner that produces information people can
understand and use" (Crosby, 1979:199). This attribute also means that a metric can be
collected by anyone. Complicated measures allow only a few persons to collect the data,
and they inhibit widespread use. Their simplicity prevents ownership by a few persons
and fosters cooperation. Juran notes, "any such vagueness or complexity becomes a
natural source of divisiveness" (Juran, 1988:76). Repeatability adds to validity and helps
show a trend over time.

Shows 2 trend. This element emphasizes that a metric must focus on a process
and track it over time. Process variations and deficiencies could then be identified and
corrected. Repeated measures show trends and increase accuracy.

Unambiguously defined. Metrics may be used in many ways. One use is for
comparative analysis. Because it is important to compare apples to apples and oranges to
oranges, metrics must be clearly defined. The words in a metric must infer singular
meanings. In an auto shop, the word "error" can be interpreted as a failure to use the

proper brand of oil or not tightening some lug nuts. Do these errors carry the same
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weight? Juran argues, "error must be defined so that its meaning in the report is
unambiguous" (Juran, 1988:78).

Economical to collect. A metric must add value to a process. The benefits
gained by using a metric must exceed the effort to collect the data. In discussing the cost-

benefit analysis and precision of data, Juran states:

It is obvious that a balance must be struck between the cost of making
evaluations and the value of having them. In part, the application of this criteria
relates to the basic question: Should we measure or not? More usually the
application relates to "precision” of measurement. The unit of measure should be
established at that level of precision which enables us to make valid decisions
from the data. To go beyond that level of precision usually adds costs without
adding value. (Juran, 1988:78)

This attribute leads to the idea that the best way to measure a process is to select a few
highly meaningful metrics and discard the rest.

Drives appropriate action. The final attribute of a metric is the most important.
As explained earlier, inappropriate action can occur if a metric is poorly defined. If an
insurance company measures claims-processing time, as illustrated in Table 2-1,
employees may purposely process a claim with little or no investigation to achieve a good
metric score. This hypothetical situation is an example of how a metric would impel
inappropriate behavior. In an article entitled, "On the Folly of Rewarding A, while
Hoping for B," Steven Kerr illustrates the previous scenario with an actual test case. He
found as a measure of accuracy in paying claims, an insurance firm measured the
percentage of claims paid within two days. This measure made the employees process
more claims, including some which should have been disallowed (Kerr, 1975:778). The
previous examples show how a measure causes unintended behavior, but what behavior

or action should metrics cause?
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The Metrics Handbook states that appropriate actions are behaviors displayed by

employees that add value to the quality of an organizational product (AFMC Pamphlet
74-9:8). In other words, a metric should lead to, not detract from, an organization's goals.

Section Summary. The various attributes that define metrics clearly

differentiate them from other measures. We know that metrics are not simply charts,
schedules, snapshots, or counts of an activity. A metric's main defining point is its ability

to drive appropriate action. We now know what a metric is, but how is one made?

Metric Development

Past research on metric development has been largely concentrated in
manufacturing industries. The development of metrics is so crucial that Hamner and
LaFleur dedicated their research primarily to a comprehensive method to develop metrics
for service organizations. Their research compared various methods, including the

following from the Metrics Handbook:

STEP 1. Identify the organization's purpose.
STEP 1. Develop the operational definition starting with the organization's

customer.

STEP III. Identify and examine the existing measurement systems.
STEP IV. Generate new metrics if existing metrics are inadequate.
STEP V. Rate the metric against the "Eight attributes of a good metric."
STEP VI. Select appropriate measurement tools.

STEP VII. Baseline the process.

STEP VIII. Collect and analyze the data over time.

STEP IX. Finalize the metric presentation.

STEP X. Initiate the process improvement activities.

STEP XI. Continuously monitor and track process improvement. Return to
previous steps as appropriate (AFMC Pamphlet 74-9:15).

STEP I. Identify the organization's purpose. This step stresses the importance
of first knowing the organization's mission, goals and objectives. The direction of the
organization provides a focus that for all measures. This focus should encompass the

needs of the organization's customer.
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STEP II. Develop the operational definition starting with the organization's
customer. It is important to define who, what, when, why, and how of a metric in
sufficient detail to permit consistent, repeatable, and valid measurement. The customers'
expectations drive the operational definition. This expectation defines the characteristics
of the product, service, or process which, if improved, would better satisfy the
organization's customers. This is actually an iterative process involving Steps II-VIIL.

STEP III. Identify and examine the existing measurement systems. Existing
measures should be examined prior to establishing new measures to avoid redundancy.
Some existing measures may _satisfy the organization's requirements already.

STEP IV. Generate new metrics if existing metrics are inadequate. Past
research has shown that old measures often are results indicators not tied to an objective
or goal (AFMC Pamphlet 74-9:7). These kind of measures are inadequate and should be
discarded.

STEP V. Rate the metric against the "Eight attributes of a good metric."
Any new metric should satisfy the attributes listed earlier. This step is a checkpoint. The
metric developer should continue to Step VI if the metric satisfies the eight attributes,
otherwise, he or she should return to Step II and correct the deficiencies.

STEP VI. Select appropriate measurement tools. It is necessary to analyze
and display data from metrics so that anyone may understand. Eight tools are listed in the
Metrics Handbook, but other statistical and non-statistical tools may also be useful.

STEP VIL Baseline the process. The metric data an organization first gathers
serves as a baseline for determining the capability of a process. Later data may be
compared against the baseline to determine whether the process has improved or not.

STEP VIII. Collect and analyze the data over time. Collecting metric data

should be continuous, and trends should be examined. Trends will tell the manager
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which processes are stable, improving, or deteriorating. The data also may show cycles
of good and bad performances of an activity which then would suggest a course of action.

STEP IX. Finalize the metric presentation. The graphic presentation clearly
and concisely communicates how well an organization is performing. The customer may
have input deciding how a metric should be displayed, and how detailed he or she wants
it.

STEP X. Initiate the process improvement activities. This is the most critical
step. Process improvement activities should be initiated with the key process owners. It
is useful to remember that continuous improvement requires continuous effort.

STEP XI. Continueusly menitor and track process improvement. Return to
previous steps as appropriate. This step is a reminder to assess results of the metric. Ifa
metric becomes obsolete because it no longer contributes to the process improvement,
then a new metric may be needed. This situation requires the developer to return to the

metric development process.

This method is similar to others in most respects. The key elements consist of
defining customers, and developing measures that significantly contribute to an
organizations goals. Even so, once a metric is initially developed, there is no guarantee

that it is a good metric.- A system of measuring metrics 1s also needed.

Summary

This chapter began with the history of measurement in industry, from the
unpolished beginnings of Taylor's scientific management to Deming's quality
management, to the countless additions by colleagues and students of Deming. The
history of measurement in the Air Force, and specifically transportation was also
discussed. The TRIMS and subsequent VIMS measures were discussed, and prior

research regarding these measures were shown.
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In an effort to provide a background for the standardized set of transportation
metrics, the numerous qualities that comprise a good metric were discussed. In this
chapter metrics were defined and development of metrics was detailed. These elements

provide a fertile ground for the development of a standardized set of metrics for Air Force

transportation squadrons.
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ill. Methodology

Overview

The first two chapters showed that metrics play a vital role assessing and tracking
performance of a given activity within any organization, and a common set of metrics for
Air Force transportation squadrons would offer many benefits. Given that metrics play a
vital role in assessing and tracking performance, this research evaluates VIMS measures
and proposed measures to establish a standardized set of Air Force transportation metrics.
This chapter addresses the research design executed during the course of this study. This
research design furnishes a clear and repeatable investigative effort that produces
information designed to answer the investigative questions stated in Chapter I. The
origins of measurement in transportation squadrons were reviewed to help justify and
answer the research questions. Next, the population for the study was chosen, described,
and a plan for sampling this target population was formed. A survey instrument was

designed and a plan constructed for collecting and analyzing the data.

Measurement in Air Force Base-Level Transportation Squadrons
Standardized measurement in the Air Force transportation began in 1968 with the
Transportation Integrated Management System (TRIMS). In the late 1960s, budget
constraints throughout the Air Force called for the effective and efficient utilization of
available resources. This concern for better utilization meant managers at all levels
needed useful information to operate in the most effective and efficient manner possible.
Managers were responsible for broad and complex functions; the complexity made it

virtually impossible to know all problems within their area of supervision. This
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complexity led to the establishment of an effective management control information
system.

In 1968, Headquarters United States Air Force (HQ USAF) initiated an effort to
computerize information systems within transportation functions to enhance overall
efficiency. This effort was called the Transportation Integrated Management System
(TRIMS). TRIMS attempted to create a meaningful data base, standardize the format of
output, and interface data with other functional areas (Directorate of Transportation
1968:11 - I5).

HQ USAF initially intended TRIMS to be a system combining a data base with a
program capable of interfacing with other functional areas within transportation for on-
line data retrieval (Directorate of Transportation, 1968:11 - I5). TRIMS was never fully
implemented, however, and a subsystems of TRIMS, the Vehicle Integrated Management
System (VIMS), was established in its stead in 1970.

VIMS was the first major subsystem completed under the TRIMS program. It was
implemented in two phases in mid-1970. Under Phase I, management teams at Air Force
Bases in Florida and Texas implemented VIMS on their B-3500 computers. Phase II
included all other bases which utilized B-3500 computers (Directorate of Transportation,
1970:1).

VIMS data was intended to provide management with a basis to better solve
problems (Directorate of Transportation, 1969:10-11). Performance indicators, such as
vehicle out-of-commission (VOC) and vehicles down-for-parts (VDP), were established
to compare performance of vehicle maintenance units. Additionally, performance
indicators were established to guide management in the analysis of vehicle data. VIMS
also included an inquiry capability at all levels of command that enable management to

seek data on all categories of motor vehicles by management code (Directorate of

Transportation, 1969:11).




The adoption of TQM in the Air Force resulted in a change in management
philosophy and strategy that called for more accurate performance measures. VIMS
measures, such as vehicle out-of-commission (VOC), do not track performance. VOC
rates do not track performance because they are based on the speed of a repair and not the
quality of the repair. The assumption that a fast repair is related to the quality of a
mechanic's performance is not necessarily true. An acceptable VOC rating may be
achieved by quick-fixes since VOC rates decrease as the time to close work orders
decreases. Because TQM suggests that measurement strategy should change, there is an
implication that measurement systems should likewise change.

There are many VIMS measures, and these measures are discussed later in this
chapter. The measures currently used in transportation squadrons are not entirely VIMS
measures. Some measures are unique to particular bases and presumably help attain
customer satisfaction. These base-specific measures and VIMS measures comprise all
current measures, and are discussed later in this chapter. The perceptions of the target
population (discussed later) regarding all current and proposed measures comprise the

data for this research.

Justification
The format for data collection was a questionnaire. C. William Emory, author of

Business Research Methods and expert in research methods, believes questionnaires are

best used to measure interests, attitudes, beliefs, feelings, and perceptions of a target
population (Emory 1985:158). Additionally, the size of the selected population, and the
information needed was large enough to render the use of a telephone survey impractical.
According to Don Dillman, the quality of information deteriorates as a telephone survey
process lengthens (Dillman 1978:55). Because a telephone survey would be too lengthy

for this research, this option was not used.
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Research Question One

The purpose of question one, "What measures are currently being used in Air
Force transportation squadrons?" was to gather measures upon which to base a
comprehensive survey instrument. HQAFMC (LGTX) initiated the process of gathering
measures by asking transportation personnel throughout all major commands in the Air
Force what transportation measures were used. Three bases, Kirtland, Eglin, and Warner-
Robbins, mailed packages to HQAFMC (LGTX) that included charts and graphs of every
transportation measures they used. These measures, measures from interviews with
personnel at the Air Force Materiel Command Headquarters (HQAFMC), and from
personal experiences at Grand Forks AFB, comprised the set of current measures used in
this survey. Question one was also answered by gathering measures from prior research
on transportation performance measures (VIMS measures), and a thesis by Kevin Brewer
in 1989. Brewer's survey posed an open-ended question asking for input from
respondents regarding new performance indicators. He specifically asked what measures
the respondents thought would enhance efficiency and effectiveness in maintenance and
operations functions.

The first measure, "number of vehicles assigned per number of vehicles
authorized," was proposed by personnel at Kirtland AFB and was designed to provide
information on the actual number of vehicles on a base in relation to what the base should
have. The second measure, "number of vehicle accidents with government owned
vehicles," gauged the safety record of government vehicle operators who were most often
transporters.

The next three measures, "number of vehicle trips supported per number of
vehicle trips requested,” "percent U-Drive-It requests supported,” and "taxi response time
(in minutes)" were proposed by personnel at Eglin AFB and evaluated the vehicle

operations function.




The following three measures, "number of vehicles in the shop currently
undergoing maintenance," "number of vehicles not yet fixed due to lack of proper vehicle
parts," and "number of vehicles not yet fixed due to lack of funds to pay for them" are
common VIMS measures used by all bases and evaluate the vehicle maintenance
function. These measures are also known to transporters as vehicles down-for-
maintenance (VDM), vehicles down-for-parts (VDP), and vehicles down-for-funds
(VDF) respectively.

Measures nine and ten, "number of vehicles working out of total number vehicles
on a base," and "number of vehicles not working out of total number of vehicles on a
base," are also common VIMS measures used by all bases and evaluate the vehicle
maintenance function. They are also corollaries to one another; that is, if one knows the
number of vehicles working, then one also knows the number of vehicles not Workihg by
subtraction. The fact that both measures are collected by most bases demonstrates
needless repetition. These measures are also known to transporters as vehicles in-
commission (VIC) and vehicles out-of-commission (VOC) respectively.

The eleventh measure, "percent of vehicle repairs completed within 24 hours,"
also evaluates the maintenance function. This measure was proposed by personnel at
Warner-Robbins AFB and assumes a high percentage translates into high customer
service. However, if repairs are completed hastily to satisfy this measure, shoddy
workmanship could result, and the customer would not be satisfied.

The next six measures, "percent of freight (incoming or outgoing) processed
within standards," "percent of household goods inspected," "number of inbound and
outbound household goods shipments," "number of household goods shipments re-
weighed," "percent of household goods shipments delivered on time," and "percent of
household goods shipments picked up on time," were proposed in interviews with

personnel at HQAFMC and evaluated the traffic management function.
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The next three measures, "percent augmentees trained (out of number
scheduled),” "tons of mobility items processed," and "percent augmentees trained (6ut of
number of augmentees needed)," were proposed by personnel at Grand Forks AFB and
evaluated the combat readiness and resources function.

The following five measures, "average cost per registered vehicle,” "percent of
vehicles overdue for scheduled maintenance," "number of work orders opened, utilization
of administrative vehicles,” and "percent of indirect labor," were submitted by personnel
at Warner-Robbins AFB and help evaluate the maintenance function.

The twenty-sixth measure, "how well Vehicle Control Officers (VCOs) maintain
their fleet,” came from personnel at Grand Forks AFB and does not measure any
transportation function directly. VCOs are personnel from squadrons other than
transportation and oversee the use of government vehicles for their respective units.
These personnel act as VCOs as a secondary or tertiary duty to their primary job. VCOs
report to and receive training from vehicle operations flights, but do not work for
transportation. VCOs performance does reflect the training of the vehicle operations
function, but ultimate responsibility rests with the VCO. Therefore, this measure does
not reflect any transportation activity directly.

The next two measures, "number of vehicle misuses," and "number of vehicle
abuses," were proposed by HQAFMC interviews and were intended to evaluate the
performance of the vehicle operations flight. The word "misuse" in the first measure
means improperly utilizing a vehicle, like taking a U-Drive-It vehicle to a tavern.

" Abuse" means purposely damaging a vehicle, like driving one over unsafe roads.

The last five measures, "percent of equipment available for deployment (in
deployable squadrons)," "mean time between failure of vehicles, rejection rate of
completed work," "dollars saved from repairing an item rather than replacing it," and

"percent of current manpower to required manpower," were proposed in Brewer's thesis.
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In his thesis, Kevin Brewer used an open-ended question to solicit new measures from the
respondents. In his recommendations, Brewer stated these measures might be useful to

transportation squadrons and should be researched further.

Research Question Two

Question two, "Upon what qualities should the set of transportation metrics be

based?" was answered by the literature review. The literature review utilized periodicals

and books pertaining to quality and AFMC Pamphlet 74-9 to determine critical attributes
of an effective metric. A comprehensive review of Air Force regulations, instructions,
and other publications provided a basis for the specific transportation qualities. A
Defense Technical Information Center (DTIC) literature search ensured the literature
review's completeness.

To ensure the survey instrument was understandable, a limited number of
qualities were used to help define a good metric. Chapter II detailed eight qualities of a
good metric, and the survey instrument utilized a combination of these qualities to form
four basic qualities. These four qualities best convey the meaning of a good metric
because they incorporate the eight qualities of a good metric. The four criteria and their

descriptions follow:

(a) - It distinguishes health from sickness -- this means the specific measure of a
process signals whether that process is working well or not. A measure of “the
percent of workers who smoke” or “the percent of workers under 5 feet 5 inches
tall” does not necessarily correlate to poor production; a hundred other factors
could affect worker performance.

(b) - It is simple, understandable, and repeatable -- this means the measure can
be understood by everyone and/or collected by anyone.

(c) - Workers are able to affect it -- this means the specific measure can be
affected by the persons being measured. An example of a poor measure would be
a measure of “how fast the mail is delivered”; this measure can not be affected by
the person who takes the letter to the mailbox; the postal service is responsible.
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(d) - It impels appropriate action -- this means the measure motivates the
worker to do the right thing. An example of a poor measure would be “how many
pages a secretary types a day”; this measure can not determine whether the
secretary is proficient or not. The typewriter may be broken, or the secretary may
be typing 100 pages a day, but making errors on 90% of them.

Research Question Three

Question three, "What current transportation measures are useful, and what
proposed measures (not currently used) are useful based on the opinions of transporters
and their customers?” was answered by gathering data from a representative sample that

reflect the perceptions of performance measurements within that population.

The Population and Sample

Before discussing samples and populations, it is necessary to define these terms as
statisticians use them. David S Moore and George P. McCabe, authors of Introduction to

the Practice of Statistics, define these terms as follows: "The entire group of objects or

people about which information is wanted is called a population. A sample is a part of
the population that is actually examined in order to gather information" (Moore and
McCabe 1989:278).

To gather appropriate data to evaluate metrics, it is useful to understand the target
population who will both use and benefit from this research. The sample of the
population was the actual evaluators of the transportation metrics. Because most
personnel on any given base use government vehicles, relocate via government-run
offices, or practice mobility, they all may be considered part of the statistical population.
Persons using transportation services, who are not transporters themselves, are called the
"customers" of transportation squadrons. The target population includes transporters and

customers of transportation, including all ranks and civilians.
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The sample was a cross section of Air Force personnel. Because the statistical
sample was all-inclusive, no one group or person was considered inappropriate.
Individuals were selected randomly using the personnel records of all military and
civilian members in a data base at the Air Force Institute of Technology.

Data from the sampling process were processed manually. The population size
consisted of roughly 400,000 military members and 50,000 civilians. According to R.V.
Krejcie and D. W. Morgan, authors of "Determining Sample Size for Research
Activities," a statistical sample of 300 persons would adequately reflect the opinions of a
population of roughly 2000 persons with a 95 percent level of confidence (Krejcie and
Morgan 1970:607-610). Krejcie and Morgan further showed for large incremental
changes in N (population size), small incremental changes in S (sample population size)
are required. For example, a population of one million individuals would require a
sample size of 450 persons. Using the formula from Krejcie and Morgan, and a 90
percent level of confidence, a 300 person sample would adequately reflect the opinions of
a population of 450,000. The 300 person target population was limited to persons in the

continental United States because of mailing time constraints.

Instrument

A preliminary questionnaire was given to ten transportation officers and two
civilians familiar both with transportation and metrics. Based on the input from these
sources, changes were made to the questionnaire to elicit more useful responses. The
survey was designed to answer investigative question three.

This research utilized 300 individuals from two primary subgroups: transporters
and customers of transportation. The experience of the respondents included the

following Air Force Groups: Logistics, Operations, Support, Communications, and
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Medical. Because most individuals use transportation in some form, any person from any
base was considered a candidate for this research sample.

The survey consists of two parts. The first section asks for background
information of individual respondents. Demographic questions such as gender, age,
ethnicity, and rank were not asked. Because the intent of the survey was to establish a
single set of transportation metrics, and these classifications did not add to or subtract
from the credibility of respondents, it was not useful to classify respondents by gender,
age, race or rank. Three categories were deemed useful, however: total years of service,
total years in current work center, and primary job experience.

The first two classifications were deemed useful because they infer the degree of
respondent's knowledge of measurement in the Air Force and transportation services in
general. The third quest