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Preface

This study culminated in the production of several
models that may be of use to Air Force Leadership in
tackling the pilot retention problem. During the course of
this research, it became evident that merely providing the
models would be of little value if they were not presented
in some sort of management context. I therefore presented
the modeling effort as a portion of the turnover management
process.

It also became evident that the long-term retention
problem is likely to get worse. This is due to several
reasons: airline expansion, pilot retirements, population
demographics, and some of the attempts to control turnover
themselves. I believe the latter two are time bombs that
must be dealt with now, befor: their impact is felt.

Any thesis is a synergistic effort and I will
therefore not attempt to single out every individual who
assisted me with this research. I hope that a simple
“"thank you" to the Institute's faculty and staff will
suffice. I would be remiss, however, if I did not thank my
wife, Jeanette, and our children, Brian, John, Mary, Peter,
and Thomas for their patience and understanding. T know
the time lost cannot be made up, but hopefully we will all
be better for the experience. Thanks also, to Mom and Dad.

I hope these models may be of some use. If you have
any questions, you can find me on the golf course.

Bruce A. Guzowski
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Abstract

Personnel planners in various Air Force agencies use

models, among other things, to aid them/in forecasting

Y ®

~

pilot retention rates. This ‘ort attempted to
forecast retention rates three years ahead with the use of
multiple regression analysis techniques. Such models can
be of use to Air Force leaders to develop proactive
policies and programs to combat poor retention forecasts.

Economically quantifiable variables were primarily
used in the modeling effort. However, some year groups
could not be adeqguately explained with the use of economic
variables alone. The models for year groups eight,
twelve, and thirteen used the retention rates of "peer
groups" to assist in explaining their own retention rates.

All models were subjected to common internal tests
associated with linear regression. External validity was
verified by the use of a withheld data set. Forecasts
were made for Fiscal Years 90, 91, and 92, using
independent variable data from 1987, 1988, and 1989,
respectively. All tests and forecasts were thoroughly
documented.

The practical and policy implications of these
forecasts Were discussed, and some thoughts about possible
policies and programs to increase retention were advanced.
Improvements to further the utility of these models were

suggested. / 4
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A METHODOLOGY FOR LONG-TERM FORECASTS
OF AIR FORCE PILOT RETENTION RATES:
A MANAGEMENT PERSPECTIVE

I. Introduction

General Issue

Employee turnover in any organization can be very
costly if not controlled. In the Air Force, the loss of a
single pilot to the civilian sector represents a cost of
millions of dollars in training and experience (11:11).
Additionally, if large numbers of combat-capable pilots
depart the service before they are eligible for retirement,
a potential exists for a pilot shortage within the Air
Force, where there are not enough pilots to perform the jobs
which require a pilot's presence (flying or staff duty).
Such a shortage could guickly translate into lost war-
fighting capability.

A 1984 Air War College Research Report discussed the
consequences of pilot shortages under manning policies in
place at that time. The report noted that previous pilot
shortages were solved by drawing on the surplus of pilots
within the rated supplement program (a program that assigns
rated officers ([pilots and navigators] to non-flying

positions). Thus, a surplus of rated officer experience was




maintained during periods when pilot retention was high, and
this "reserve" was drawn upon to fill vacancies created when
retention rates fell below levels required to maintain
combat readiness. However, current pilot losses are greater
than what the rated supplement program can support. While
Air Force policy is geared toward retaining those pilots
already on active duty, vacancies created by turnover withir
this group are, for the first time in Air Force history,
being filled by younger, less experienced officers (13:20).
Indeed, as turnover becomes ever larger, the effect of
filling vacancies from below will inevitably drive the high
standard of readiness the Air Force has traditionallv
maintained to some lower level (13:19).

It should be noted that all turnover does not bear
bitter fruit. Indeed, the Air Force recognizes this, and
has historically planned for a cumulative retention rate of
pilots within the six to eleven year group of sixty percent.
In other words, for every ten pilots entering their seventh
year of active duty, the Air Force plans on having six of
those pilots on active duty by the end of their eleventh
vyear of service. This translates to roughly a ten percent
turnover rate per year, which is comparable to the rates
that civilian firms plan for (28). This planned turnover
rate is functional turnover, where the health of the
organization is not jeopardized by these "programmed"

losses. However, turnover rates in excess of those planned,




are dysfunctional and need to be corrected if the

organization is to remain healthy and viable.

Turnover Research

There have been over 1000 studies of employee turnover
during this century (18:82). In 1977, William H. Mobley
produced his Intermediate lLinkages Model of employee
turnover (Figure 1), which focused on turnover as a process.
In Mobley's research, the intention to quit was deemed to be
the only reliable predictor of the turnover evant (18:122).
His research has become the foundation of modern studies on
employee turnover (28). Mobley asserts that employee
turnover is manageable in a dynamic environment:

The manager must be able to: diagnose the
nature and probable determinants of turnover in
his organization; assess the orobable
individual and organizetional consequences of the
various types of turnover; design and implement
policies, practices, and programs for effectively
dealing with turnover; evaluate the
effectiveness of changes; and anticipate further
changes to effectively manage turnover....(18:78)

Mobley offers a graphic portrayal of the management

view of this turnover process (Figure 2).

A Systems Approach
General systems theory says that an organization may be

viewed as a system that interacts with its environment in an

analogous manner to biological systems:




Evaluation of Existing Job

Experienced Job Satisfaction - = (1)
Dissatisfaction

Thinking of Quitting

Evaluation of Expected Utility of Search and
Cost of Quitting

Intention to Search for Alternatives - (2)

! Search for Alter natives

Evaluation of Alternatives —(3)
Comparison of Alter natives vs. Present Job

ay

ntention 1o U

- (4)
Notes:
(1) Alternative forms of withdrawal, e.q., absenteeism, passive
job behavior
(2) Non-job related factors, e.g., transfer of spouse, may
stimulate intention to search
(3) Unsolicited or highly visible alternatives may stimulate
eval uation
(4) Impulsive behavior
Figure 1. Mobley's Inter mediate Linkages Model (18:123)
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. « « Richard Johnson, Fremon Kast, and James
Rosenzweig related the corporate enterprise
structure . . . to an open-ended cell:

An organism is an open system which maintains a
constant state while matter and energy which enter
it keep changing (so-called dynamic equilibrium).
The organization is influenced by, and
influences, its environment. Such a description
of a system adequately fits the typical business
organization. The business organization is a
man-made system which has dynamic interplay with
its environment —-- customers, competitors, labor
organizations, suppliers, government and many
other agencies. Furthermore, the business
organization is a system of interrelated parts
[subsystems] working in conjunction with each
other in order to accomplish a number of goals,
both those of the organization and those of the
individual participants. (15:66)

Any system or subsystem takes inputs, processes them
( throughput), and produces outputs (5). Figure 3.a. is a
simple depiction of this systems model. The vertical arrows
in and out of the throughput box represent interaction with
the environment in which the system exists.

Figure 3.b. is an attempt to model the Air Force
personnel system wWith respect to systems theory. Here,
inputs may be viewed as recruits. The throughput box may in
turn be seen as Mobley's turnover process (Figure 1). Note
here that interaction with the environment is depicted as
being one way (out). This is intended to show that once
pilot turnover occurs (vertical arrows), replacement
currently comes only from within, through more inputs.
Outputs may be viewed in this second model as functional

turnover and retirement.
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Figure 3b. Modified Systems Model




Systems that freely interact with the environment are
known as open systems, while those that do not are called
closed systems. Since any organizational system is
inherently open, it thus becomes useful to view its degree
of openness. Organizational systems may therefore be seen
as relatively open or relatively closed (17:65). The model
in Figure 3.b. may be seen as a relatively closed system.
Tom Peters, in his book, Thriving on Chaos, offers this view
of the interaction open systems must have with their
environments:

The winners of tomorrow will deal proactively
with chaos, will look at the chaos per se as the
source of . . . advantage, not as a problem to
be got around. Chaos and uncertainty are . . .
opportunities for the wise (23:xiv).
When a system chooses to limit interaction with its
environment, it "buys” short term stability at the expense
of long term stability (5), (17:66). The limited
interaction with the environment depicted in the second
model may then be seen as a source of long term instability.
An organization's limited interaction with its environment
may manifest itself in the form ¢f controls or regulations,
often not producing the desired results. Peter Drucker, in
The New Realities, states:
. « « The Chicago economist George J. Stigler
(winner of the 1982 Nobel prize in Economics) has
shown in years of painstaking research that not
one of the regulations through which the U.S.
Government has tried over the years to control,
direct, or requlate the economy has worked. They

were either ineffectual or produced the opposite
of the intended results. (6:166)




USAF Pilot Turnover

Mobley has identified four general classes of turnover

determinants:

external economy: unemployment, inflation, etc.

organizational variables: e.g., reward system,

job design, leadership

individual non-work variables: e.g.,spouse's

career, family responsibility

individual work related variables: e.g.,

values, expectations, commitment (18:78)
Concentrating on any single one of these determinants will
not give the Air Force leader a complete picture of the
turnover process within his organization. However, a
significant positive correlation has been found to exist
between pilot turnover and domestic airline pilot hiring
activity. This hiring activity has in turn been shown to be
positively correlated to general economic strength (8:15).
These positive correlations have been the basis of some
models used by Air Force planners to forecast pilot turnover
(25:14).

The View of Management.

Air Force leadership has been following Mobley's
paradigm for turnover management. Attempts are made to
anticipate turnover and its determinants are assessed
through various studies and surveys. The costs and
consequences of pilot turnover are subsequently calculated,

and policies and programs are then implemented which address

the negative effects of pilot turnover.




As pilot turnover in recent years has become
dysfunctional within the Air Force, several remedial
measures have been implemented by Air Force leaders to
address suspected turnover variables. These efforts have
been primarily directed at the organizational variables
determinant, since Mobley's other classes of determinants
are less easily influenced by leaders. Turnover may be seen
as a measure of employee morale (28). When morale (and
hence satisfaction) is high, turnover is low. The converse
is also true. One method by which Air Force leadership has
attempted to address the perceived morale problem is through
giving the pilot a distinct identity. The Air Force of the
1950s had nearly 60,000 pilots. Today, there are roughly
one-third that number on active duty (13:9). Indeed, in
today's Air Force, officers that are pilots are in the
minority. The issuance of leather flight jackets to
aircrews was reinstituted in part to combat the problem of
pilots failing to identify themselves with the Air Force,
and to therefore increase their esprit de corps, or morale.

Another organizational variable addressed by Air Force
leadership is the reward system (compensation) for pilots.
Beginning in January of 1989, a pilot who had completed the
initial active duty service commitment (ADSC) incurred from
Undergraduate Pilot Training (UPT), with less than 14 years
of total service, was eligible to receive a bonus payment of

up to $12,000 per year. 1In return for the these payments,

10




the pilot obligated himself to serve through the 14-year
point of total service.

A compensation measure more recently enacted by
Congress increased the monthly payments pilots (and
navigators) receive under the Aviation Career Incentive Pay
(ACIP) act. Otherwise known as "flight pay," these payments
have been raised to a maximum of $650 per month.

According to Mobley, once such policies and programs
are implemented, their effectiveness must be evaluated.
While it is not the author's intent to judge the
effectiveness of the aforementioned programs, voluntary
retention rates have not been significantly positively
affected by these measures, though the decline in retention
rates appears to be leveling off (9:9).

The key to Mobley's management perspective of the
turnover process lies in management's ability to anticipate
the turnover event. Theoretically, if an event is
anticipated far enough in advance of the time that it
occurs, measures may be taken by management to either
rectify the determinant causes of the event, and hence alter
the outcome, or act to mitigate the consequences of the
event if it indeed occurs. Thus, the previously discussed
initiatives taken by Air Force leaders may be seen as being
directed at eliminating the causes of turnover.

However, all causes of turnover are not under the

control of the Air Force leader. The strong positive
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correlation between airline hiring and pilot turnover is but
one example: the Air Force leader has no ability to control
airline hiring. As airlines continue to raid the Air
Force's "bank" of trained pilot resources (and it appears
they wish to continue to do so for the coming decade
[30:810; 22:101]1), another policy has been implemented by
Air Force leadership in an attempt to deny these resources
from the competition: lengthen active duty service
commitments (ADSCs) incurred by those graduating from UPT.

Figure 4 plots ADSCs incurred by pilots. The ADSC for
UPT has gone from six years for a pilot graduating in 1580
to 10 years for one who graduates today (10:7). Clearly,
increasing ADSCs incurred from UPT is a very effective
method for maintaining the desired number of pilots within
the Air Force. Such policies, though, may not be fully
evaluated until these pilots are eligible to leave the
service. Thus, the impact of a 10-year ADSC for pilots
graduating from UPT in 1990 will not be known until the year
2000.

Anticipating USAF Pilot Turnover.

In 1987, an Air Force Institute of Technology (AFIT)
graduate student, Captain James R. Simpson, conducted
research on the revision of the Econometric Adjustment
Model, which is one model used by Air Force planners to .

forecast pilot retention rates. The result of his research

12
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was a Pay Model, which used regression analysis techniques
to forecast pilot retention rates by one year.

Econometrics.

"Econometrics is the art and science of using
statistical methods for the measurement of economic
relations” (3:1). An econometric model is one that
generally uses regression analysis methods to forecast
future values of a desired event (24:1). The event of
interest in this research is USAF voluntary pilot retention
rates. Voluntary retention rates are calculated by
subtracting the number of non-retirement eligible pilots who
leave the Air Force each fiscal year (FY), by year group,
from the number of pilots in the same yvear group, who are
eligible for at least one day during the same FY, to leave
the service. This number is in turn divided by the eligible
population to provide the retention rate.

An econometric model employs what is known as the
causal method of forecasting, where some economic events are
shown to cause other economic events. For example, a simple
econometric model would be one that links unemployment
levels to claims for unemployment insurance payments (a rise
in the unemployment rate would cause a rise in the number of
claims for unemployment compensation). Econometric models
that use regression analysis are capable of producing valid

long-term (2 to 5 years) forecasts (31:38).
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In his recommendations for further research, Captain
Simpson stated:
. « . enhancements to this model that would
increase its utility include the following: . . .
predict retention rates in the out years (2 or
more years ahead) . . . .(25:55)
Specific Problem
The Pay Model developed by Captain Simpson adequately
predicted turnover rates of Air Force pilots in year groups
7, 8, 9, 10, and 11. However, the short lead times it
provided did not give Air Force planners enough warning of
significant movements in pilot retention rates. To assist
Air Force planners in the vital area of rated personnel
management, a model that can provide accurate retention

predictions with at least two years lead time is needed.

Research Objective

Captain Simpson's research showed that regression
analysis was a valid technique to predict Air Force pilot
turnover. Yet, the computer program he developed provided
only twelve-month lead times. The objective of this
research is to develop a regression model that will

adequately predict pilot retention three years in advance.

Scope
For the purpose of this research, the population of

concern will be those Air Force pilots who have completed a

15




minimum of seven but not more than 14 years of service (YOS)
in the USAF. These year groups comprise the target year
groups of current Air Force pilot retention efforts, as

evidenced by the policies and programs mentioned in this

chapter.
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II1. The Retention Model

Introduction

An econometric model that att.mpts to predict future
values of some dependent variable is known as a forecast.
Econometric forecasting uses independent variables (IVs),
generally in a regression equation, to predict future
values of a dependent variable (DV). These IVs are said
to display causality of the DV. 1In other words, each IV
should have some predictability of the DV (12:195).

As previously stated, general economic strength is an
accurate predictor of airline hiring, and in turn, pilot
turnover. It must therefore be determined which variables
may be able to predict economic strength or airline hiring
three years hence. Such variables are known as leading
indicators, and their use in regression analysis
forecasting is highly desirable (1:122). A leading
indicator displays what is known as pure delay. Pure
delay exists when the movement of the DV responds to
movements in the IV some period earlier. Once these
variables are discerned, the only other data required to
construct the model would be the turnover rates
themselves, as these are the events that are to be

predicted.
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Calendar Year Data

In searching for variables that would successfully
predict pilot turnover three years in advance, the author
learned that most models used by Air Force planners deal
with data in fiscal years (FYs). A fiscal year currently
runs from October 1 in one year to September 30 of the
next year. Therefore, to properly lag IVs to some point
in time prior to the movement of the DV, similar time
units should be used. However, if one were more
interested in demonstrating actual causality between a set
of IVs and the DV, similar time units may not be so
critical. 1Indeed, if one were to closely examine the data
used in some long-term forecasts, one would see that even
though a time unit may be the same for the IV and DV, as
the lagging increases, the relative significance of
maintaining the same time unit decreases.

This research will attempt to predict pilot turnover
three years ahead of the fiscal year in which it occurs.
Obviously, pilots will be leaving the Air Force during the
entire FY. Thus, any attempts to truly model turnover
with consistent time units should attempt to do so with
monthly or even weekly data. While some economic data do
exist in monthly or weekly formats, they may not be valid
predictors of the DV.

The author believes that identifying valid causal
variables is more important than a perfect time unit
match. Since most IVs the author researched are expressed

18




in terms of the calendar year, this will be the time unit
of the IVs, while the time unit of the DV will be in
fiscal years. Clearly, any classical regression notation
with lagged variables would have problems accommodating
such a departure. While the author recognizes this, he
believes that the actual predictability of the DV is of
greater concern. If the reader has difficulty accepting
this departure from standard data management techniques,
the author suggests that it may be easier to view the IVs
as being lagged by 33 months, rather than the 3 years (36
months) suggested in the research objectives section of
the previous chapter. To avoid confusion, however, the
author will continue to refer to the IVs as simply being

lagged by 3 years.

Description of Data
Peter Drucker, in The New Realities, discusses the
inability of economic theory to predict future events:

Every earlier economic theory postulated that one
such economy [microeconomy, macroeconomy] totally
controls; all others are dependent and
"functions."” 1In the marginal-utility world of
the neoclassicists, the microeconomy of
individuals and firms controls the macroeconomy
of government. In the Keynesian and Post-
Keynesian worlds, the macroeconomy of national
money and credit controls the microeconomy of
individuals and firms. But economic reality now
is one of three such economies. And soon the
economic region (as in the European Economic
Community), may become a fourth semi-dependent
economy. Each, to use a mathematicians term, is
a partially dependent variable. None totally
controls the other three; none is totally

19




controlled by the others, either. Such
complexity can barely be described. It cannot be
analyzed since it allows of no prediction.
(6:157)
So, accurately predicting the movement of a large,
complex, economy is not possible. While econometric
methods use mathematical models and statistical inference
to forecast future events, today's economy is controlled
by factors that are not statistically significant.
Consider the Butterfly Effect, a rigorous, albeit
whimsical, mathematical proof that shows how a butterfly
flapping its wings in the Amazon jungle affects the
weather in Chicago weeks or months later. The point is,
in a large, complex economy, the insignificant events are
likely to be the ones with the greatest impact.
Furthermore, these events, by definition, can be neither
anticipated nor controlled. Indeed, they may even go
undetected even after they have had their impact.
(6:165-166)

Thus, an aggregate model of today's complex economy
is not possible. Yet, if one were to view the economic
world as a "very large and interdependent system of
simultaneous stochastic equations® (3:309), then the basis
for decomposing the economy into areas of predictability
exists. In the world of econometrics, this is done by
assuming the impact of some variables is so miniscule,

that by treating them as zero will result in very small

errors when estimating the impact of the variables

20




included in a regression equation (3:309). Thus, while
Drucker maintains that current economic theory cannot
entirely explain the complexity of today, "theorems --
formulae and formulations to describe this or that
phenomenon and solve this or that problem ...[are still
possible]"” (6:157).

Searching for economic variables that predict USAF
pilot turnover may appear to be a monumental task.
However, if one refers to the Mobley Intermediate Linkages
Model of the turnover process, some guidelines may be
established for variable inclusion. The author has
limited his search to those economically related
quantifiable variables that either cause a pilot to
experience job dissatisfaction or cause alternative
employment to become available.

Data Variables.

The following list of economic indicators will be
investigated for inclusion as explanatory variables in the
regression model to be constructed. They are presented in
the following format: data title, (short title), data
description and justification, and data source. Appendix
A contains the data sets described below.

Pay Compensation -~ (comp) - This variable measures
the relative difference between military and civilian
earnings. It is stated as the ratio between military and
civilian pay, so a figure of 1.0 would denote complete
equality, while those less than 1.0 would show greater

21




economic reward in the civilian sector, with figures
greater than 1.0 showing the opposite. This variable
should explain economic job satisfaction or
dissatisfaction experienced by pilots. 1f the ratio
increases, turnover should decrease (25:16-17). (Note: the
value for 1974 was not available. The author estimated
1974 using simple linear regression.) Source:
Headquarters Air Force Military Personnel Center

(HQAFMPC) /DPMYAP.

Percent of Population in Age Group 25 to 64 - (perc)
- This age group would most likely contain the major
portion of the business travelling public. Since most air
travel is performed by businessmen (21:154), increases or
decreases in its size may foretell similar airline
activity. Source: U.S. Bureau of the Census, Current
Population Reports, Series P-25.

Net Population Increase, per 1,000 Population -
(netgrow) - Although this would be a very broad indicator
of eventual increases in economic activity, it may have
some value in the long-term prediction of that activity.
This figure is derived by subtracting the death rate from
the birth rate, and adding the immigration rate (all per
1,000 population) from the same year. Source: the same as
for perc.

civilian Labor Force Participation Rate - (lfpart) -
This figure represents the proportion of the
noningstitutional civilian population in the civilian labor

22




force. The civilian labor force is comprised of all
civilians classified as employed or unemployed. As labor
force participation increases, one may find a positive
correlation to airline activity and hence, the need for
pilots. Source: U.S. Bureau of Economic Analysis, Survey
of Current Business.

Net Business Formation - (nbf) - With a base year of
1967 (where 1967 = 100), this data records the change in
business incorporations less business failures. As the
value of this indicator increases or decreases, so should
economic and hence, airline activity. One would expect
then to find a positive correlation between increases in
this statistic and pilot turnover. Source: U.S. Bureau of
the Census: Statistical Abstract of the United States;
also: Survey of Current Business.

Civil Aircraft Shipments - (acship) - The number of
large transports (greater than 70 passenger capacity),
shipped per vear. A positive correlation may exist
between the addition of new aircraft to airline fleets and
future pilot demand by those airlines. Source:
Statistical Abstract of the United States.

Aerospace Sales, Net New Orders - (sales) - Derived
from reports submitted by companies whose principal
business is the development and/or production of aircraft,
aircraft engines, missile and spacecraft engines, missiles
and/or spacecraft. Figures represent new orders received
during the year less cancellations. Dollar figures are

23




reported in then-year dollars (billions), and must be
adjusted to a base year. The overall Gross National
Product (GNP) implicit price deflator (1982 = 100) will be
used to convert these data. The result may have a
predictive effect on airline hiring, since new aircraft
ordered by airlines will eventually increase the demand
for pilots in the overall industry. Source: U.S. Bureau
of the Census, Current Industrial Reports, Series MA37D.

Machine Tools, Orders and Shipments -
(cut/form/mttot) - Since metal cutting and metal forming
are two primary processes by which aircraft and their
subsystems are manufactured, orders for machines that
perform these functions may have a long-term predictive
ability on aircraft manufacturing and airline hiring.
Since data is available on either the cutting (cut) or
forming (form) tools, three IVs will be investigated: cut,
form, and if neither proves significant alone or in
combination, the total (mttot) will then be investigated
for possible inclusion in the model. Data are reported in
then-year dollars (millions), and must be converted to a
base year for comparison purposes. Conversion will be
accomplished in the manner described in the previous
variable's discussion. Source: U.S. Bureau of Economic
Analysis, Business Statistics; also: Survey of Current
Business.

GNP Implicit Price Deflator - (GNP) - An implicit
price deflator is derived as the "ratio of a current
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dollar estimate (for GNP or a component) to its
corresponding constant dollar estimate multiplied by 100.
« « +» Changes in an implicit price deflator reflect not
only changes in prices but also changes in the composition
of GNP or a component® (2:303). Changes in the deflator
itself may have some broad explanatory ability on the
availability of future employment alternatives for the
workforce in general (31:232). Source: U.S. Bureau of
Economic Analysis, Business Statistics, also, Survey of
Current Business.

Scheduled Commercial Air Carriers, Percent Load
Factor - (lofac) - This data is derived by dividing the
revenue passenger miles flown by U.S. scheduled air
carriers on domestic routes by the actual number of
available seat miles by the same carriers on the same
routes. This data would reveal not only current airline
industry health, but also the level of demand for airline
services. Thus, as lofac increases, airlines may be
inclined to expand their services to accommodate increased
demand. Such expansion may then result in increased pilot
demand. Source: U.S. Federal Aviation Administration, FAA
Aviation Forecasts.

Major Airline Pilot Retirements - (the one that got
away) - The Future Aviation Professionals of America
(FAPA) recently compiled a data bank to track the number
of pilot retirements (due to age) the major airlines will
experience. Theoretically, for an airline to maintain its
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current level of service, it would need to replace these
pilots on a one-for-one basis. Unfortunately, this is a
forward-looking data-base, and the historical data goes
only to 1988. Thus, it would not be suitable for any
current modeling purpose. However, FAPA was gracious
enough to provide the author with a list of this data, and
it is included as Appendix B, for future use by other
modelers.

The Dependent Variable.

The variable intended to be predicted with the use of
the above-mentioned variables is the voluntary retention
rates of Air Force pilots. A retention rate is the
percent of individuals who remain in the service out of
those who have the opportunity to leave. This data is
maintained by HQAFMPC Analysis Division. The year groups
of interest are those which contain pilots who have
completed their initial pilot training obligation, but
have yet to "commit" themselves to an Air Force career.
As discussed in the previous chapter, current retention
efforts are aimed at those pilots in the 7 to 14 year
groups. Therefore,Athese are the year groups whose

retention by the service this research intends to predict.

Overview of the Analytical Model

“"Regression Analysis is a statistical tool that
utilizes the relation between two or more quantitative
variables so that one [the dependent variable] can be
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predicted from the other or others [the independent
variables]" (19:23). Typically, regression analysis is
the method of fitting a line to a series of plotted data
points on a cartesian plane in such a fashion that the
line is the best estimator for the values plotted. Since
this line can be stated with a mathematical formula, it
may then be used to predict future values of the dependent
variable. The formula used to depict this line is known
as the General Linear Model, and may be expressed as
follows:
Yy = Bo + B1Xy1 + ... + BxXyx + £
where:
Y; is the value of the dependent variable on the jth
trial
Bo, B1.,...,Bx are parameters to be estimated
Xy1,...,X3x are known constants, the value of the
independent variables in the jth trial
¢y are error terms (the difference between the
observed and predicted value of Yy) (19:31)
Estimators of the regression parameters are found
using the method of least squares, where, for each
observation (X3, Ys), an expected value is computed.
This expected value is then subtracted from the observed
value of Y; and squared. The result is minimized when
fitting the regression line, with use of the best

estimators (19:38). These parameter estimates are known

as regression coefficients.
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Assumptions of the Model.
The following are basic assumptions of the GLM:

*The relationship between the IVs and DV is
linear. That is to say, the magnitude of a coefficient
does not change with movement (change) of its IV.

*Error (e£1) is a normally distributed random
variable with a mean of zero, and a constant variance
between observations.

-Independence of €1 implies the errors are
uncorrelated.

*The IVs are statistically independent of each
other (7:62, 19:52).

Use of the Model.

Once the best estimators of the regression parameters
have been determined, the regression model may be written
and plotted. Provided the predictor variables exhibit
enough pure delay, future values of the dependent variable

(pilot retention rates), may then be accurately predicted.
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III. Methodology

Aggregate Versus Disagggregate Models

Regression models have shown strong relationships
between explanatory variables and employee turnover on an
aggregate level (29:847). However, once the same data
used in an aggregate model are disaggregated, the
relationships between the same IVs and the disaggregated
DVs becomes inconclusive (29:848). Thus, regression
models may be inappropriate for disaggregated data.

Data must be disaggregated to some extent in order to
employ regression techniques (3:309). However,
disaggregating to a level of detail that produces no
predictive ability, by the IVs of turnover, may result
from this data decomposition process. Since Captain
Simpson's research produced a valid regression model with
turnover data by years of service (YOS), the author
developed models that use data at the same level of detail
to obtain predicted turnover rates. The difference
between the two models is the amount of lead time
provided, thus necessitating an ostensibly different set

of IVs.

Developing the Basic Regression Model
Construction of a regression model is a highly

iterative process that results in estimates the f;..x
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values to give the best fit. Fortunately, computer
packages exist that run these iterations in a fast

and virtually error-free fashion. For the purpose of this
research, the programs, SAS and Statistix, were used to
compute values of the dependent variable and to perform
tests on the validity of the model. In addition, other
software (MathCAD, Quettro) was utilized to provide

random numbers and grzphic capability, respectively.

Variable Inclusion.

In chapter two, eleven variables were identified for
possible inclusion in the model. The next logical step is
to then decide which variables should indeed be included.
As was noted earlier, the variables which should be
included should have an explanatory effect of the DV.

This is known as causality.
...causality...[is defined]...such that X causes
Y if and only if the variance of the error [or
the mean square error, Pierce and Haugh (1977)]
in forecasting Y is lower if the information on X
along with all other relevant information is used
in forecasting Y, compared to the variance of the
forecasting error when knowledge o1 X is not used
in forecasting Y. (12:196)

Thus, a variable should be excluded if it does not redice

the amount of variability, and hence, error the regression

parameters exhibit in their explanation of the DV.

Stepwise is a SAS procedure that automatically
considers an IV's causality. Using the MAXR option with

this procedure, the best 1...n variable model is built,

with the criterion for variable inclusion being whether
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the variable increases the model's measure of R?
(25:765) . The MAXR option will build at most eleven
models from a data set that contains eleven IVs. Fewer
models will be built by the procedure if no improvement in
R2 can be obtained with the addition of another 1IV.

The Coefficient of Multiple Determination.

In regression analysis, R#% is the symbol for the
coefficient of multiple determination. "It measures the
proportionate reduction of total variation in Y associated
with the use of the set of X variables . . . " (19:241).
R2? may range in value from zero to one, with one being a
perfect fit of the IVs to the DV (where no error exists).
The closer R? is to one, the greater the accuracy of tle
model becomes. As more variab.es are added to the model,
R%2 will inevitably increase, regardless of the amount of
variation the new variable explains (19:241). MAXR
compensates for this by adding variables to the model in
the order of which ones produce the greatest increase in
R2,

Adjusted R2Z.

Determining which model to initially test, nowever,
should not be based on the size of R2?, but adjusted R3
(Ra?). R2 is adjusted by dividing each of its components
by its respective degrees of freedom. The formula for Re 2

is:




where:
n is number of observations associated with the
p is iﬁi number of parameters that must be
estimated
SSE is the sum of the squared errors between the
predicted and actual values of the DVs
SSTO is the sum of squared deviations about the
sample mean of the DVs (19:236-241)
Degrees of freedom (n - 1 and n - p) may thus be seen as a
tool to mitigate the effect on RZ2 that adding more
variables to the model has.

Selecting the Model.

Once the MAXR results were returned from a SAS run,
tk~ coefficients of model candidates were examined for
their significance in the model. Traditionally, the
levels of significance, or alpha values, used in model
building have been .1, .05, and .01. With the advent of
computers and the appropriate software to perform
virtually all of the calculations involved in this highly
iterative process, however, alpha values are viewed less
as a concrete decision tool to be used to determine
whether to accept or reject a particular IV for model
inclusion, and more as a relative indicator of the

validity of the model. Thus, while smaller alpha values

indicate a better model Iit, relatively large alphas
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need not necessarily be viewed as the sole cause for
rejecting a model parameter.

Obviously, several adequate models may present
themselves as valid candidates for consideration as the
best model to eventually use for forecasting retention
rates. However, merely choosing the model that has the
highest value of Ra ? is not the sole criterion for model
selection. As previously discussed, econometric modeling
is partly a science and partly an art. The author views
the art portion as the variable selection process.
Chapter 2 discussed the logic behind selecting variables
for consideration. Once a model with a high Rs 2 is built,
however, the variables used in this model must again be
assessed for their ability to capture the synergy of the
turnover process. Thus a two-variable model that has an
Ra 2 of .95 might be rejected in favor of a four-variable
model that has a slightly smaller Rs 3.

Validating the Model Internally.

The GLM is validated internally by several methods.
The General Linear Test (GLT) uses the test statistic, F,
to determine whether or not the values for the regression
coefficients are zero:

The overall significance of the regression can be
tested with the ratio of explained to the
unexplained variance. This follows an F
distribution . . . . If the calculated F ratio
exceeds the tabular value of F at the specified
level of significance and degrees of freedom, the
hypothesis is accepted that the regression

parameters are not all equal to zero and that R?
is significantly different from zero. (24:145)
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SAS and Statistix compute an F-value as well as a
probability of obtaining a larger F if the regression
coefficients are indeed zero. This probability is called
significance probability (P), and provides a basis for
accepting or rejecting the model's parameter estimates:
the smaller the probability, the greater the validity of
the model.

Similar tests are performed for each parameter. A t-
value for each parameter estimate is computed by dividing
the estimate by its standard error. A probability of
deriving a greater absolute value than that of the
computed t-value if the parameter were indeed zero is then
computed. This research will refer to this probability as
the parameter's level of significance, or p-value. Again,
the smaller the p-value is, the greater the validity of
the model in general, and the parameter estimate in
particular.

Aptness Analysis.

Other internal tests of the model should be
accomplished to ascertain whether or not the assumptions
of the GLM are violated. Such testing is usually done
through analysis of the residuals obtained in the
regression, and generally falls under the title, aptness
analysis, or testing for the data's ability to model the

DV. According to Neter, Wasserman, and Kutner, there are
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six departures that may be studied to ascertain a model's
aptness:
1) The regression function is not linear.
2) The error terms do not have constant variance.
3) The error terms are not independent.
4) The model fits all but one or a few outlier
observations.
5) The error terms are not normally distributed.
6) One or several important independent variables
have been omitted from the model. (19:116)

As previously stated, a regression function is linear
if the magnitude of the regression coefficients does not
change with the magnitude of the of the independent
variables. Thus, as more data sets are added to the
model, the coefficients should not appreciably change.
Therefore, one may test for linearity by comparing
coefficients in the original model to those obtained after
more data are added. 1In a model building scenario, this
concept may be difficult to diagnose, since testing and
validation, depending on the data producing situation, may
require that data sets be withheld. 1In such cases, it
must be assumed that enough cases were originally included
in the model to provide valid estimates of the parameters.
The author will test for linearity by comparing the
coefficients obtained with the twelfth data set, to those
using the last complete data set, the thirteenth.

To check for heteroschedasticity, or the lack of a
constant error-term variance, a plot of the errors (known

as residuals), versus the predicted values is helpful.

Residuals should be scattered in a band of constant width
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around a mean of zero, which indicates constant error-term
variance.

In Captain Simpson's thesis, heteroschedasticity was
addressed by performing a logarithmic transformation of
the dependent variable. For the purpose of simplicity,
the author assumed that heteroschedasticity exists, and
while it was investigated, remedial measures were limited
to the logarithmic transformation outlined in Simpson's
methodology:

- 1n (UB - rate + 3)

trate

where:

trate = the transformed dependent variable

rate = the voluntary retention rate

UB = the upper bound of the rates (1.0)

d = a small constant (.001)
The constant, delta, was determined by the size of the
largest retention rate in the data. This occurred in year
group 14, where the highest rate observed was .9915. The
reader is referred to Captain Simpson's methodology for a
further discussion of this variance stabilizing technique
(26:3