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PREFACE

This report documents results of RAND Arroyo Center research on the linkage between
the quality of enlisted personnel (in terms of aptitude score) and their ability to operate the
Patriot air defense missile system. The purpose of the research was to improve the ability of
the Army to set appropriate performance standards and to estimate the effects of personnpl
quality levels on Army operational performance. This study was one of several research ef-
forts on soldier performance conducted by RAND and the U.S. Army Research Institute. The
results should be of interest to manpower analysts in the Army, the Office of the Secretary of
Defense, and the other services, as well as to policy analysts interested in the relationship
between the aptitude of military enlisted personnel and their performance on combat-related
jobs.

THE ARROYO CENTER

The Arroyo Center is the U.S. Army's federally funded research and development center
for studies and analysis operated by RAND. The Arroyo Center provides the Army with ob-
jective, independent analytic research on major policy and management concerns, emphasiz-
ing mid- and long-term problems. Its research is carried out in five programs: Policy and
Strategy; Force Development and Employment; Readiness and Sustainability; Manpower,
Training, and Performance; and Applied Technology.

Army Regulation 5-21 contains basic policy for the conduct of the Arroyo Center The
Army provides continuing guidance and oversight through the Arroyo Center Policy Commit-
tee, which is co-chaired by the vice chief of staff and by the assistant secretary for research,
development, and acquisition.

The Arroyo Center is housed in RAND's Army Research Division. RAND is a private,
nonprofit institution that conducts analytic research on a wide range of public policy matters
affecting the nation's security and welfare.

Lynn E. Davis is Vice President for the Army Research Division and Director of the Ar-
royo Center. Those interested in further information about the Arroyo Center should contact
her office directly:

Lynn E. Davis C ,t ',-EZB D 3
RAND
1700 Main Street
P.O. Box 2138 _ For

Santa Monica CA q0407-2138 t."

(213) 393-0411 f]

p --



SUMMARY

PURPOSE

The Patriot missile system, the most modern and automated of the Army's air defense
artillery systems, protects U.S. and NATO assets from the high to medium altitude enemy
air threat. This report describes a research study whose goal was to assess the performance
of enlisted Patriot operators and to link that performance to the outcomes of simulated air
battles. The Patriot study was one of several Army-sponsored research efforts aimed at ana-
lyzing the relationship between personnel quality and Army operational performance based
on quantitative and objective performance tests.

THE PATRIOT SYSTEM

The basic building block of the Patriot system is a firing battery, or fire unit, which in-
cludes eight missile launchers, radar and communications equipment, and an Engagement
Control Station (a mobile shelter containing communications facilities and computer con-
soles). During an air battle, the key engagement decisions in a Patriot battery are made by
one officer and one enlisted person, who operate the Engagement Control Station. At battal-
ion level (the next higher echelon), a comparable officer-enlisted pair operates a similar facil-
ity that controls the activities of three to six batteries.

At battery level, the enlisted person (military occupational specialty [MOS] 24T) helps
the officer by playing the role of Tactical Control Assistant (TCA); at battalion level, he plays
the role of Tactical Director Assistant (TDA). The research examined the effectiveness with
which

The TCA protects valuable assets, engages enemy aircraft, and assists in the
protection of friendly aircraft as required for success during air battles.
The TDA directs fire units to engage specific aircraft in order to protect assets aad
destroy enemy aircraft.

STUDY APPROACH

The study examined how differences in personnel quality and training background af-
fect the execution of TCA and TDA functions and the outcomes of air battles. Virtually all of
the Army's MOS 24T soldiers at skill levels 1 and 2 were tested, includ;ng students finishing
Advanced Individual Training (AIT) and the members of Patriot anits stationed in the
United States and Europe. Approximately 100 students and over 200 unit personnel were
tested during the study period, from December 1988 through June 1989.

The study used the Patriot Conduct of Fire Trainer (PCOFT), a computer-controlled,
high-fidelity simulation facility containing operator consoles. The consoles can be operated
independently to simulate autonomous fire unit operecion or in a netted configuration to
simulate fully interactive battalion operation.

Four 20-minute simulated air battles were developed especially for this test: an area
defense scenario (aircraft attrition), a point defense scenario (asset defense), a mixed defense
scenario (attrition and asset defense), and a battalion scenario. These scenarios included re-
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alistic wartime-related operations and events and provided a meaningful test of the perfor-
mance of air defense missions for both AIT students and unit members. In addition, unit
personnel completed a written test measuring their knowledge of proper tactical operating
procedures, and all examinees completed a test on system initialization procedures.

RESULTS

The analysis concentrated on a number of key measures of effectiveness that primarily
represented success in the missions of point defense and area defense. Additional supporting
measures assessed compliance with tactics and doctrine, compliance with communications
received, and knowledge of initialization procedures. We modeled the effects of various sol-
dier characteristics (e.g., aptitude score, training history, and assignments to Patriot jobs) on
performance.

The results provide considerable evidence that Armed Forces Qualification Test (AFQT)
score has a direct and consistent effect on the outcomes of air battles, both in terms of knowl-
edge assessed by written tests and in actual performance in simulations. The number of
significant effects for AFQT score dominates the number of significant effects found for the
other variables included in the model. In general, we found a 5 to 10 percent difference in
performance by AFQT category.' For example, if a category IIIA soldier is used instead of a
category IIIB, or a category II instead of a category IIIA, the anticipated increase in asset
protection is on the order of 5 to 10 percent. Similarly, the anticipated increase in the num-
ber of hostile aircraft correctly engaged and in missile conservation is on the order of 5 to 10
percent. In short, then, soldiers with higher AFQT scores can be expected to suffer signifi-
cantly less asset damage, destroy more hostile aircraft, and be more effective in missile con-
servation.

We also found substantial tradeoffs between AFQT and both operator experience and
training days for many of the outcome measures: a one-level change in AFQT category
equaled or surpassed the effect of a year of operator experience or of frequent training accord-
ing to these data. These tradeoffs have significant readiness and cost implications in that
higher quality soldiers, as measured by AFQT score, require less training and operator expe-
rience to perform as well as lower quality soldiers.

As expected, operator and unit experience also are very important variables. Next to
AFQT, they are the factors that most consistently affect performance. It appears that sol-
diers learn several key tactical skills shortly after AIT, including the ability to decide
whether and when to engage aircraft based on the nature and severity of the threat. In con-
trast, they appear to acquire technical and other tactical proficiencies more gradually, such
as correct system setup and overall tactical knowledge. Finally, in a number of areas, we
found that recent collective or sustainment training (consisting of practice using simulations
such as the Troop Proficiency Trainer or the Live Air Trainer) had a significant effect. These
results are notable because, together with the data on operator experience, they provide
evidence linking training in units with success during air battles. The findings suggest the
importance of unit training, along with personnel quality, in affecting missioi. performance.

'AFQT categories are defined by percentile scores normed on the U.S. youth population: category I,
percentiles 93-99; category 11, 65-92; category IHA, 50-64; category IIIB, 31-49; category IV, 10-30. Category V
persons, percentiles 1-9, are excluded by law from military service.
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1. INTRODUCTION

BACKGROUND AND ISSUES

This document presents the results of research linking the quality of soldiers (as de-
termined by aptitude score) to Army mission performance. It focuses on a specific weapon
system-the Patriot air defense missile system-but the issue is much more general. The
key problem is the relationship between enlistment standards and overall military capabili-
ties. Historically, the Department -f Defense (DoD) and the military services have sought to
recruit the most talented individuals possible. A key criterion for enlistment is general apti-
tude, as measured by the Armed Forces Qualification Test (AFQT), which is part of the quali-
fying examination for admission to the military. A high AFQT score and possession of a high
school diploma are the distinguishing characteristics of the "high quality" recruit most de-
sired by the services. Recruiters naturally seek to maximize personnel quality by drawing
primarily from the top half of the aptitude distribution.

Defense observers have often disagreed, however, about the appropriate "mix" of higher
and lower quality enlistees. A key reason for disagreement has been the cost of recruiting a
higher quality force. The high aptitude personnel sought by the services have attractive op-
tions upon graduating from high school, including various postsecondary education, employ-
ment, and riilitary service possibilities. Thus, special incentives i.,nd other recruiting
resources are required to attract these individuals into service. The problem has been espe-
cially acute for the Army, which recruits the largest number of new personnel each year.

Issues about the appropriate levels of recruiting resources and the levels of quality they
support have been focal points of policy debate throughout the past two decades. When re-
cruit quality has fallen, Congress has expressed concern, legislated minimum standards, and
directed evaluations of new incentives to attract high quality people.' At the same time,
policymakers in Congress and the Office of the Secretary of Defense have scrutinized recruit-
ing budgets and asked for evidence linking personnel quality with job performance. In its
report accompanying the FY 1988 military authorization bill, the House Appropriations
Committee directed DoD to develop methods of linking the educational background and apti-
tude of recruits, both of which are associated with higher recruiting costs, to the ability of
units to perform their operational missions (House of Representatives, 1988). In response to
this requirement, the U.S. Army Training and Doctrine Command (TRADOC) sponsored the
program of research that led to this study.

These concerns are likely to continue, and perhaps to intensify, as U.S. military mis-
sions and structures change in response to world political developments. If these changes
lead to reductions in the size of the Army, as seems probable, resources devoted to recruiting
and training new accessions will surely be examined more closely. Some people are likely to
argue that in a smaller Army, maintaining a flow of high quality accessions will be less diffi-
cult, given current high levels of quality in the force and reduced demand. Others may argue
that in a smaller Army, a higher proportion of the enlistees should be high quality. A
smaller Army may need a greater proportion of high aptitude personnel if, for example, a
higher concentration of sophisticated equipment is retained, soldiers are asked to perform a

ISee, for example, RAND studies of experiments on educational benefits (Fernandez, 1982) and enlistment
bonuses (Polich, Dertouzos, and Press, 1986).
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wider variety of tasks, or there is less opportunity to practice tasks because of constraints on
exercises (placing a premium on skill acquisition and retention).

Thus, even under changing circumstances, the deiense community has a continuing
need to understand the relationship between the qualty of personnel and mission perfor-
mance. The key questions concern the relationship of resources to yield, including both

r•rsonnel resources (e.g., quality soldiers) and training resources. IdCally, these broad cate-

,,,ries of inputs should be linked to measures of output based on objective, quantified as-
-ýssments of individual and unit performance in wartime-related functions. This report
seeks to address those issues in the case of air defense.2

PREVIOUS RESEARCH LINKING APTITUDE AND PERFORMANCE

Thus far, the literature has revealed only a modest amouit of quantitative evidence re-
lating aptitude, educational background, and training history to functions germane to unit
combat capability. In the past, most analyses of personnel quality requirements have been
based on the minimum aptitude levels that individual recruits need to pass initial skill train-
ing courses. 3 Recently, the Army's long-range job performance measurement project (called
Project A) sought to provide better defined connections between various recruit characteris-
tics and performance measures on specific critical tasks. Conducted by the Army Research
Institute and three research organizations, this 7-year project was designed to improve selec-
tion and classification for entry level jobs in the U.S. Army. It developed new predictor and
outcome measures and validated existing measures for 19 military occupational specialties
(MOSs), including both papei -and-pencil for all 19 specialties and hands-on tests for nine of
the specialties. However, like its predecessors, this effort emphasized individual and task
performance, not performance in situations directly linked to a unit's wartime conditions and
outcomes. (A comprehensive description is provided in Sackett, 1990.)

Within the air defense field specifically, a few studies have attempted to examine the
connection between soldier aptitude and performance. For example, various studies have
related different aptitude measures to each other and estimated their relationship to perfor-
mance. Such studies have very frequently. although by no means universally, shown signifi-
cant relationships. For example, Baldwin, Cliborn, and Foskett (197A) and Tubbs et al.
(1980) found significant correlations between visual aircraft recognition (VACR) performance
and Army Classification Battery (ACB) and AFQT scores, respectively; Deason (1981) found
AFQT and "SelectABLE" math scores to be correlated with Chaparral gunners' "preparation
for action"; Tubbs et al. (1982) found AFQT and Armed Services Vocational Aptitude Battery
(ASVAB) scores to be positively correlated with scores on a skills-and-knowledge written test
ai.d a hands-on test for Hawk crewmen; Tubbs et al. (1984) found AFQT to be highly corre-
lated with a skills-and-knowledge written test and with the sighting and identification skills
of Stinger and Redeye crewmen; and Zamarripa (1987 found that the ASVAB Electronics
score correlated with written scores for Pershing crewmen,

2 A related RAND study concerns performance of Army communications units (Winkler, Fernandez, and
Polich, forthcoming). Studies in other branches have been carried out by the U.S. Army Resear:h Institute
(Graham, 1990 (A) and B ,; Horne, 1990) and by TRADOC schools and centers ie.g, Schopper. Johnson, and Burley.
1990).

3 TR.\ADWC schools set minimum aptitude entry standards for their individual training courses, and training
standards are established in various TRADOC-published Soldier's Manual., ARTEP-MTPs Army Training and
Evaluation Programs and Mission Training Plans), and related publications.
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The results of this previous research suggest but do not convincingly demonstrate that
high quality soldiers outperform low quality soldiers in combat. Often, the aptitude-perfor-
mance link is not systematically evaluated in these studies because it is a side issue, the
primaly focus being on such issues as evaluating the level of the soldiers' training on a par-
ticular weapon system (fubbs et al., 1984; Zrmarripa, 1987) or comparing different training
methods (Baldwin, Cliborn, Foskett, 1976; 1 ubbs et al., 1980; Deason, 1981; Tubbs et al.,
1982). Furthermore, the outcome measures used rarely assess performance directly translat-
ing to performance in combat, focusing instead on training success, written tests, or tasks
representing only a small portion of the overall job. For example, in one of the few studies
conducted expressly to examine the effect of aptitude on performance, LaRocqde (1981)
studied 2459 soldiers across 17 MOSs, comparing those who passed One Station Unit Train-
ing with those who failed. He found significant differences (p<.0G01) between these two
groups on ASVAB and Gates-MacGinitie (reading grade level) composite scales. Tubbs et al.
(1982) used writter tests and hands-on tasks as outcome measures. Deason (1981) had Red-
eve gunners "shoot" at targets in a Moving Target Simulator (MTS), but only compared
AFQT with proficiency in operation, not with successful firing. Many of the studies also suf-
fered from methodological or analytical difficulties that limit the confidence that can be
placed in their aptitude results. For example, Baldwin, Cliborn, and Foskett (1976) and
Tubbs et al. ; 1980) had few subjects for the types or number of tests conducted. Other stud-
ies performed multiple tests on the data without accounting for the multiple testing in prob-
ability estimates; still others did not test predictor variables simultaneously.

STUDY OVERVIEW

This report describes the results of a research effort whose primary goal was to rigor-
ouslv assess the relationship between a soldier's aptitude and training and his performance
in simulated combat. Specifically, we examined the proficiency of enlisted personnel who op-
erate the Patriot air defense missile system and systematically related that proficiency to
soldier characteristics, including AFQT score. The tasks performed by these soldiers, who
are classified MOS 24T, are necessary to engage enemy aircraft and to protect friendly assets
(such as airfields and storage facilities) during combat.

The Patriot is the Army's most advanced air defense system, designed to meet a variety
of air threats in the 1990s and beyond. It is capable of simultaneously engaging multiple
targets in a highly saturated air environment using advanced features in its radar, missile
guidance, and computer and automation systems. 4 The basic building block of the Patriot
system is a firing battery, or fire unit, which includes the following equipment, all truck
mounted: eight missile launching stations, a radar set, an antenna mast group
(communications equipment), an electric power plant, and an Engagement Control Station
(ECS), which is a shelter containing communications facilities and computer consoles. Dur-
ing an air battle, the key engagement decisions in a Patriot battery are made by one officer
(the Tactical Control Officeri-TCO) and one enlisted person (the Tactical Control Assistant-

4 Key features are the multifunction phased array radar, track-via-missile guidance, and computer-automated
operations that process information and control missile launches. The radar set replaces several pieces of
equipment used in earlier air defense systems, and the track-via-missile system allows guidance from the missile
during the final .ngagement stage.
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TCA) who, performing separate tasks, operate the ECS. 5 A similar officer-enlisted pair plays
the main role at the next higher echelon, a Patriot battalion composed of three to six
batteries.6 This study evaluated the abilities of the two enlisted personnel and the effects of
their performance on the outcomes of simulated air battles.

There were several reasons for choosing the performance of Patriot system operators for
evaluation:

To derive statistical estimates of the effects of personnel quality and experience on
the outcomes of air battles.
To provide results applicable to a modern system operating in a wartime-like
environment.
To provide test measures directly linked to air battle outcomes (asset damage and
aircraft engagements).
To assess the effects of personnel quality for both newly trained personnel and ex-
perienced unit members.

The primary work of MOS 24T personnel is to operate and provide unit maintenance for
the Patriot missile system. This research tested the principal operational functions:

TCA (fire unit level): The ability to protect valuable assets, engage enemy aircraft,
and assist in the protection of friendly aircraft during air battles.
Tactical Director Assistant-TDA (battalion level): The ability to direct fire units to
engage specific aircraft in order to protect assets and destroy enemy aircraft.

In addition, this evaluation assessed operator knowledge of proper system initialization pro-
cedures and tactics.

The performance of TCA and TDA functions was evaluated using the Patriot Conduct of
Fire Trainer (PCOFT), a high-fidelity, computer-driven training facility that represents the
principal functions of the actual tactical equipment. The PCOFT contains operator consoles
that show incoming aircraft (scripted according to a preestablished scenario), safe passage
corridors, defended assets, and other airspace and ground features relevant to the fire unit's
or battalion's mission. During a simulated air battle, the operators track and engage air-
craft, and the computer records all switch actions. As we will describe in detail, the records
maintained by the simulator provide a wide range of effectiveness measures that were used
to evaluate the performance of Patriot operators in a realistic, wartime-like environment.
Maintenance functions were not tested in this study because they are fundamentally differ-
ent from operator functions and could not be tested with the same rigor given the current
state of maintenance simulators.

5 The station's crew also includes a communications operator in MOS 31M, but that person is not directly
involved in air battle operations.

6 During the study period, a battalion consisted of three batteries. Eventually, six batteries will be fielded per
battalion. The addition of three batteries could complicate the job of the 24T operator at the battalion level.
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REPORT OUTLINE

The remainder of this report presents the research approach, design, and results. Sec-
tion 2 describes the approach taken in the research, including a description of the simulator
from which the performance measures were drawn, the scope of the tasks tested, and the
personnel examined. Section 3 presents the specific research design and procedures for test-
ing. It also includes a detailed description of all outcome measures and principal predictor
variables. Section 4 contains regression results and selected statistics for the primary
outcome measures; Section 5 provides similar information for a variety of supporting
measures. The conclusions are presented in Section 6. Finally, Appendix A provides
supplementary tables containing all regression coefficients, scores for the study variables,
and additional statistics; and Appendix B presents an illustrative cost-benefit analysis.



2. RESEARCH APPROACH

The research used an existing high-fidelity simulation system (the PCOFT) and
associated written tests of tactical operations and initialization procedures to examine the
proficiency with which air defense soldiers perform the Patriot TCA and TDA missions. The
examinees were tested on their ability to protect valuable assets, engage enemy aircraft, and
assist in the protection of friendly aircraft, both at the fire unit and the battalion level of
operations.

FUNCTION AND SPECIALTY TESTED

The U.S. Army Air Defense Artillery protects U.S. and allied assets from enemy air
attack and has the further mission of causing maximum attrition of enemy aircraft. The
current air defense inventory includes the Redeye, Stinger, Vulcan, Chaparral, Hawk, and
Patriot systems.1 The Patriot is the most modern and automated of these systems. Together
with the Hawk, the Patriot provides protection from the high to medium altitude threat. It is
capable of simultaneously tracking large numbers of aircraft and of engaging and destroying
them at varying ranges. At the time of this study, U.S. Army Patriot battalions were located
at Fort Bliss, Texas, and in the Federal Republic of Germany. Subsequently, Patriot units
were deployed to Saudi Arabia and Israel, where they played a well-known role in defense
against missiles during the Persian Gulf War.

A Patriot firing battery, or fire unit, includes a fire control section and eight launchers.
Each launching station loads four missiles. The heart of the battery is the fire control
section, which includes an Engagement Control Station (ECS), antenna mast group, radar
set, and electric power plant. The ECS, which is a mobile shelter mounted on an M-814
vehicle, is manned by three crew members: one 24T enlisted member and one 14E officer,
who together control the air battle, and one 31M enlisted communications operator (who is
not directly involved in the air battle). The ECS is the only fire unit equipment manned
during tactical operations. It is capable of operating in autonomous mode, i.e., as a stand-
alone facility using its own radar and making its own firing decisions; and in centralized
mode, i.e., in combination with the ECSs of up to five other batteries to form a battalion
under the command of the Information and Coordination Central (ICC). The ICC is similar
to the ECS in general appearance and features but monitors a wider sector of operations and
directs the activity of subordinate ECSs via voice and digital data links when the battalion is
operating in centralized mode.

Patriot enlisted personnel fall into one of three classifications: MOS 16T, Patriot
Missile Crew Member; MOS 24T, Patriot Operator and System Mechanic; and MOS 24T with
Additional Skill Identifier T5, Intermediate Maintenance Specialist. MOS 16T personnel are
responsible for marching and setup duties for the Patriot equipment. MOS 24T personnel
are responsible for operation of the ECS and the ICC and for unit level maintenance.

'The Redeye and Stinger are shoulder-fired low altitude missile weapons; the Vulcan, a truck-mounted
antiaircraft gun; the Chapparal, a truck-mounted low altitude missile weapon; and the Hawk and Patriot, multiunit,
medium to high altitude missile weapons.

6



This study concentrated on the operator duties of 24T personnel. Their key functions
are

TCA (fire unit level). The TCA engages aircraft as they approach defended assets
(such as airfields or depots) and launches missiles against other enemy aircraft
when fulfilling an attrition mission, all in accordance with tactical standing
operating procedures and instructions from higher echelons. The TCA also assists
the TCO in identifying aircraft, carries out changes in airspace control methods
(such as electronic identification codes or safe air space zones), initializes the
equipment before a battle, and carries out emergency maintenance duties.
TDA (battalion level). The TDA keeps track of aircraft across areas defended by
the battalion's subordinate fire units and directs fire units to engage aircraft in
accordance with tactical procedures. He assists the Tactical Director in
management of the battalion's assets during the battle and performs other
functions similar to those carried out by the TCA.

MOS 24T is awarded after successful completion of 37 weeks of Advanced Individual
Training (AIT) at the U.S. Army Air Defense Artillery School, Fort Bliss, Texas. During the
37-week period, both ECS and ICC operation training are provided.2 This training
concentrates on system initialization procedures and the asset defense mission. After
graduation, MOS 24T personnel receive further (unit) training in these areas. In addition,
they receive training in the aircraft attrition mission and in air battle tactics. Tactics include
such topics as airspace control methods and rules of engagement.3 For graduating AIT
students forming new units at Fort Bliss, these topics are covered locally in collective
training before deployment of the unit overseas (e.g., to U.S. Army Europe). For soldiers
shipping directly to Germany, these topics are covered upon arrival at the U.S. Army's
European air defense element, the 32nd Army Air Defense Command (AADCOM). Overseas,
24T personnel receive additional training covering local procedures and priorities.

TESTING ENVIRONMENT

This study used the PCOFT, which replicates operation of the ECS and ICC. PCOFTs
are located at the Air Defense Artillery School at Fort Bliss and at the 32nd AADCOM
headquarters at Darmstadt, Germany.

Description of PCOFT

The PCOFT is a computer-controlled, high-fidelity simulation facility consisting of eight
operator consoles. The consoles can be operated independently to simulate autonomous ECS
(fire unit) operations or in a netted configuration to simulate fully interactive battalion

2Students also receive extensive training in unit maintenance.
3 Airspace control methods apply to the nonelectronic (passive) means of helping to ensure that hostile aircraft

are engaged and that friendly aircraft are not. They include factors such as safe passage corridors (volumes of air
space in which it is safe to fly), weapon control volumes (volumes of airspace within which certain engagement rules
apply), and speed or altitude restrictions. The rules of engagement specify the tactical operating procedures, i.e.,
what is to be engaged and what is not, based on the airspace ccntrol criteria, electronic identification results, and
other factors.



operations. The PCOFT duplicates the TCA and TDA consoles in the tactical equipment,
which consist of a display screen showing aircraft, airspace, and ground features, and various
panels of switches. The features displayed on the screen are affected by operator actions in
the same way they would be in a real ECS or ICC. The PCOFT is driven by a master
computer, which, with a real-time interface, tabulates the individual actions taken by the
operators and the air battle outcomes resulting from those actions. These data are recorded
on a disk that can be read later for analysis. On behalf of RAND, the PCOFT software
contractor, Sanders Associates, Inc., developed additional, special software for tabulating
new measures of individual performance and air battle results. The PCOFT contains a
central system manager console from which the air battle scenarios are run, examinees'
actions can be monitored, and the system is controlled.

RA.ND and the Air Defense Artillery School designed a test of the TCA functions for the
ECS and the TDA functions for the ICC. This test allowed us to examine how differences in
personnel quality, job experience, and training affect the execution of these functions and the
outcomes of air battles.

Rationale for Using PCOFT

We selected the PCOFT as the testing medium for five reasons. First, it provides
realistic simulation of TCA and TDA duties, for which the actions and outcomes can be
measured objectively and precisely by computer. Second, the results of a given simulation
can be translated directly into air battle outcomes. Third, the computer records can provide
many details on the process of the battle, including the specific procedural steps that may
contribute to desirable or undesirable results. Fourth, unit and battalion level operations
can be measured without using tactical equipment-a considerable advantage given the
small number of ECSs and ICCs in existence and the great demand for them. Fifth, the
PCOFT permits testing in the same controlled environment for all soldiers, both at Fort Bliss
and in the 32nd AADCOM.



3. STUDY DESIGN

We designed the study to assess the MOS 24T personnel's ability to perform critical
wartime duties. The entire testing procedure was administered and supervised by experi-
enced air defense and RAND personnel. This section describes the testing components, the
examinees and scheduling, the specific testing procedures, and the performance measures
and analysis.

TESTING COMPONENTS

The major testing components used in the study were the Patriot console, the air battle
simulations, and the written tests.

Patriot Console

Figure 1 illustrates a simplified version of the console display used by MOS 24Ts in the
ECS. This display has a number of important features that the TCA must interpret and re-
late to the tactics prescribed for his particular mission. For example, the display shown has
three safe passage corridors marked C01, C02, and C03. These corridors are used by the Pa-
triot's software in its attempts to identify friendly and hostile aircraft via an algorithm that
assigns points based on electronic interrogation, aircraft location and heading, and other fac-
tors The algorithm assigns positive points to aircraft flying in a safe passage corridor
(normally friendlies), thus reducing the likelihood that they will be engaged.

The aircraft on the display that have been identified as friends are indicated by circles;
those identified as hostile aircraft are indicated by diamonds. The numbers next to each air-
craft are flight identifiers, which are referenced in the engagement queue at the bottom of
the chart (to be described shortly). At the top of the chart is a line labeled R01 on the left
and P01 on the right, indicating restricted and prohibited volumes. When an aircraft is in-
bound and passes that line, it receives negative points in the algorithm, increasing its
chances of being classified as hostile-unless, of course, it is in one of the safe passage corri-
dors.

At the lowest point of the triangle are two squares marked A and B. They represent as-
sets: A represents the ECS itself, and B represents an asset being defended by the ECS. At
the very bottom of the chart is a simplification of the engagement queue. The operator uses
the queue to assist in fighting the air battle. For instance, note that the hostile aircraft
(indicated by diamonds) are displayed in the engagement queue: flights (shown as TGTNO)
11, 7, 12, and 9. In the first row, there is a 2B in the threat (THRT) column. That means
that flight 11 is close enough to asset B to be evaluated as a threat to it, and that the asset
threat code of B is 2, which is the second highest priority level.

The next column is labeled TLL, meaning "time to last launch." This entry shows the
remaining time in which the aircraft can be engaged before it damages the particular asset
against which it is being evaluated. For example, there are 15 sec left in which to engage
flight 11 before it will be too close to B to be destroyed before it overflies B (given its current

9
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R01P0

Fig. 1--Illustrative Example of Patriot Console Display

heading and speed). Flight 7 is somewhat farther away, but still close enough to be evalu-

ated against asset B with a TLL of 20 sec. Thus, the operator has an additional 5 sec to en-

gage flight 7. The two bottom flights, 12 and 9, are far enough from both assets that their

asset threat codes are designated simply as 9, meaning a general threat, and their TLL val-

ues have not yet begun to count down.

Finally, the last column (ID/SZ) shows an H (for hostile) for all of the aircraft. It also

shows that each has a flight size of 1, except for flight 9, wvhose 2 after the slash indicates

that two aircraft in close proximity are being tracked with that flight number. Such multi-
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pie-aircraft targets may require a different firing method for effective engagement (e.g., two
missiles fired instead of one).

Even though the display in Figure 1 is simplified, it shows enough detail to exemplify

the complexity of the Patriot operator's job. In the heat of battle, the operator must recognize
the information displayed on the screen and in the engagement queue, interpret it in light of
the operating procedures (tactics) in effect at that time, resolve ambiguities of identification
and priority, and destroy the appropriate hostile aircraft. Launches and firing patterns
appropriate under one set of tactical instructions may be inappropriate under alternative
rules of engagement. For example, the tactical instructions may prescribe engagements
based on such factors as threat to particular types of assets, target aircraft heading, and
current identification (e g., hostile). One implication is that even though Patriot is highly
automated, fighting the air battle is by no means an automatic process. The enlisted soldier
seated in the ECS must continuously interpret and monitor the information on the console
and relate it to the applicable tactics to decide which engagements are appropriate.

Simulated Air Battles

Four 20-min air battles were simulated. The first three covered battery level opera-
tions; the fourth, battalion level. The particular features of each scenario and the specific
tactical instructions to be followed were developed especially for this test by subject matter
experts at Fort Bliss and the 32nd AADCOM in consultation with RAND. The scenarios and
tactics were designed to be realistic with respect to required wartime operations and events.
They were also designed to provide a meaningful test of the performance of air defense mis-
sions by both recent AIT graduates and experienced unit members. The flight events
scripted into the scenarios represent the challenges that can be expected in wartime. They
included features such as masking; jamming; varying aircraft headings, formations, speeds,
and altitudes; air-to-surface missiles; and aircraft with varying degrees of identification
equipment problems. 1

Area Defense Scenario. The area defense scenario typified TCA operations required

during wartime in forward areas. The air defense mission is to destroy the maximum num-
ber of enemy aircraft (consistent with prescribed tactical procedures and rules of engage-
ment, including requirements for self-defense). The scenario began in the centralized mode.

During this period, the examinee received from the ICC specific engagement and tactical in-
structions that had to be properly executed. Subsequently, he was instructed to change to
autonomous operation of the ECS. While in the autonomous mode, he was solely responsible
for his actions. As was true for all scenarios, the examinee received information concerning
his mission and the tactics to be followed at the beginning of the scenario. To provide a stan-
dardized (and realistic) protocol, the examinee was instructed to use the automatic aircraft
identification mode and to assume that the identifications were valid.2

iFor example, aircraft may enter a Patriot unit's area on various headings (some threatening defended assets,

some not), they may turn or change altitude unexpectedly, they may fly within or outside various corridors and
designated airspace volumes, and they may mask themselves by flying behind terrain features such as mountains.
The RAND scenarios were specifically designed to represent these and other complex aircraft behavior patterns that
are realistically expected in wartime and that pose challenges to missile system operators, who must keep track of
numerous events occurring simultaneously and interpret them in relation to prescribed rules of engagement.

2Automatic in this context means that the computer identifies an aircraft as friendly, hostile, or unknown
based on calculations from various input evaluation criteria.



12

Point Defense Scenario. The point defense scenario typified TCA operations required
during wartime in rear areas. The air defense mission is to defend the assets assigned to the
examinee's fire unit, such as air bases, built-up areas, storage facilities, and other high prior-
ity locations. The scenario was run in the autonomous mode of operation. Halfway through
the scenario, the examinee was informed that his TCO (the officer with whom he was
fighting the air battle) had died and that he thus had to also assume the officer's function of
protecting friendly aircraft (for which he had been trained). After assuming this added
function, he received two instructions to carry out changes in the procedures for identifying
hostile and friendly aircraft. The first told him to change the current IFF (Identify Friend or
Foe) codes to an alternative set. The second told him that certain features of the airspace
control methods had been compromised, and that he thus needed to manually identify
aircraft to ensure their proper identification as hostile or friendly.3

Mixed Defense Scenario. The mixed defense scenario simulated a wartime situation
in which the examinee's primary mission was to destroy enemy aircraft and his secondary
mission was to defend an air base assigned to the fire unit. Again, the missions had to be
carried out in a manner consistent with the tactical instructions provided to the examinee
just before commencement of the air battle. The scenario was run in the autonomous mode
of operation.

Battalion Scenario. The battalion scenario typified ICC operations required during
wartime. The examinee's role was to assign individual enemy aircraft to the fire units under
the control of the ICC and order their engagement. The order included the method of fire,
i.e., the number of missiles to be fired and the timing of the launches.4 The orders had to be
issued in accordance with the battalion's mission and the specified tactical instructions. In
this scenario, the mission was asset defense.

Written Tests

In addition to being tested on their performance in fighting simulated air battles, the
examinees were required to complete written tests. Unit members completed one test mea-
suring their knowledge of proper tactical operating procedures and a second test measuring
their knowledge of system initialization procedures at the unit and battalion levels. 5 Soldiers
just concluding AIT completed only the initialization test, since tactics are taught primarily
during unit training. Each test consisted of 25 multiple-choice questions. The tactical test
questions were drawn from official sets of questions used to test unit members' tactical
qualification for TCA duties. The initialization test was drawn from items used to assess
comprehension of initialization procedures during AIT.

The examinees also completed a background questionnaire that collected information on
their education, training history, unit assignments, history of job responsibilities, and air de-

3 1n this situation, the operator must disregard the identifications generated by the computer for aircraft
within the compromised area, instead exercising his knowledge of airspace control methods to make identifications
himself according to doctrine and the tactical procedures prescribed for the scenario.

4The appropriate number of missiles depends on the number of aircraft in a confined airspace and the degree
of threat posed by the aircraft, among other things. The more missiles fired, the greater the probability of
destroying the targets; but it is important to conserve the supply of missiles, especially for self-defense.

51nitialization consists of entering into the computer parameters that govern air battle operations, such as
terrain features, airspace control methods, and codes for electronic identification of friendly and hostile aircraft.
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fense experience. This information was used to supplement official records concerning their
performance on the ASVAB.

EXAMINEES AND SCHEDULING

We scheduled for testing all MOS 24T soldiers at skill levels 1 and 2, including person-
nel concluding AIT and the members of Patriot units stationed both in the continental U.S.
(Fort Bliss) and Europe. 6 The test excluded skill levels 3 to 5 (senior personnel) because our
primary concern was the quality of recruits.7 The distribution of MOS 24T personnel
worldwide for the study period is provided in Table 1. The AFQT category distribution for
these soldiers is shown in Table 2.8 As an indication of the aptitude requirement for MOS
24T (the dimension this study addresses), note that 75 percent of MOS 24T personnel fall
into categories I through IIIA, as compared to approximately 50 percent of the U.S. youth
population. The percentage of category I through IIIA personnel at skill levels 1 and 2 is
about 10 points higher than at skill levels 3 to 5, indicative of the greater recruiting success
and demand for skilled personnel experienced by the military during the past few years.

AIT classes graduating during the study period were included in the test. AIT students
were tested after they had received all applicable training instruction, near the end of their
AIT course. Unit members were scheduled so as to accommodate unit training activities and
exercises.

Table 1

Worldwide Distribution of MOS 24T Personnel by Skill Level
and Pay Grade

Skill Skill Skill Skill Skill
Level 1 Level 2 Level 3 Level 4 Level 5

Commanda E1-E3 E4 E5 E6 E7 E8-E9 Total

USAREUR 18 115 34 74 42 15 298
FORSCOM 58 35 29 35 23 4 184
TRADOC 7 29 24 87 57 14 218
AMC 0 15 6 9 7 3 40
Others 0 1 0 1 0 0 2

Total 83 195 93 206 129 36 742

aThe full names of the listed commands are U.S. Army Europe, Forces Com-

mand, Training and Doctrine Command, and Army Materiel Command, respec-
tively.

6Soldiers in the junior grades (E1-E4) are at skill level 1; they typically have I to 4 years of service. Soldiers
at pay grade E5 are at skill level 2 and normally in their second term of enlistment. In isoh 'ed instances,
individuals located at a CONUS station other than Fort Bliss, Texas, in transition to a U.S. Army Europe unit,
performing jobs not related to Patriot, or on leave were excused from testing.

7Twenty soldiers undergoing transition training into MOS 24T were tested.
8AFQT categories are defined by percentile scores normed on the U.S. youth population: category I,

percentiles 93-99; category II, 65-92; category IIIA, 50-64; category IIIB, 31-49; category IV, 10-30. Category V
persons, percentiles 1-9, are excluded by law from military service.
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Table 2

AFQT Category Distribution of MOS 24T

Percentage of Total

AFQT Range Skill Levels Skill Levels All Skill
AFQT Category (Percentiles) 1-2 3-5 Levels

I 93-99 6.2 9.8 7.6
II 65-92 47.0 37.9 43.5
HIlA 50-64 24.7 20.6 23.1
IIIB 31-49 19.3 23.7 21.0
IV 10-30 2.8 8.0 4.8

The final phases of software testing and procedural pretesting were completed during
September, October, and November 1988. Testing began in December 1988 at Fort Bliss,
Texas, and in January 1989 in Darmstadt, Germany. At Fort Bliss, we tested AIT students
graduating in MOS 24T and MOS 24T personnel, skill levels 1 and 2, in school support and
Forces Command units during the period December 1988 through June 1989. In Germany,
unit members were rotated into the PCOFT facility at Darmstadt in groups of approximately
four persons per day, making it possible to test one battalion's 24T personnel, skill levels 1
and 2, in 2 weeks. Testing was completed in Germany by April 1989. In total, we examined
218 unit personnel and 97 AIT students. 9

Of the 315 examinees, 126 were stationed in units in Germany and 189 (92 unit mem-
bers and 97 AIT or Transition Training students) were stationed at Fort Bliss. All students
were tested just prior to graduation. 10 The distribution of the examinees by location is dis-
played in Table 3.

Table 4 shows the AFQT category and pay grade distributions of the examinees. The
first column shows the AFQT and pay grade distributions for all persons. The results are
then separated for unit members versus AIT students. The primary AFQT difference be-
tween the unit members and AIT students is the smaller percentage of category IIIB person-
nel among the students, reflecting the Army's higher recruiting standards in recent years.
The unit results are fairly comparable for members stationed overseas and at Fort Bliss, For

Table 3

Number of Persons Tested by Location

Percentage of
Location Number Tested Sample

Germany 126 40.0

Fort Bliss
Unit member 92 29.2
AIT student 97 30.8

9These numbers are somewhat lower than those shown in Table 1 because, as noted, in certain instances
persons located at a CONUS station other than Fort Bliss, in transition to a U.S. Army Europe unit, performing jobs
not related to Patriot, or on leave were excused from testing. Also, some personnel were prevented from being tested
at their scheduled time because of computer problems and could not be rescheduled.

10For 21 of the 315 examinees, we could not obtain matching AFQT information from the Defense Manpower
Data Center. The distribution of the missing AFQT data was as follows: five in Germany; nine in Fort Bliss units,
and seven in AIT.
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Table 4

Characteristics of Personnel Tested
(in percent)

Units

Characteristic Total Germany Fort Bliss AIT

AFQT category
I 4.7 3.3 5.0 6.3
II 47.7 48.3 42.5 51.9
IIIA 23.3 20.0 25.0 26.6
IIIB 20.4 24.2 22.5 12.7
IV 3.9 4.2 5.0 2.5

Pay grade
El 1.0 0.0 0.0 3.7
E2 16.0 0.8 1.1 55.6
E3 14.2 6.4 9.0 32.1
E4 43.4 60.8 50.6 8.6
E5 25.4 32.0 39.3 0.0

Note: These numbers do not include 20 individuals who were self-
reported as undergoing transition training. In addition, there were
21 examinees (five of whom were in transition training) whose AFQT
scores could not be determined.

pay grade, the unit members naturally consist of more senior personnel. Nine-tenths of the
AIT students were drawn from pay grades E3 and below, whereas nine-tenths of the unit
members were drawn from grades E4 and E5. The overall distributions of both AFQT cate-
gory and pay grade among the examinees closely correspond to those reported earlier in Ta-
bles 1 and 2 for the MOS 24T population at skill levels 1 and 2 (pay grades El through E5).

SPECIFIC PROCEDURES

Two people were tested simultaneously. Each pair of examinees initially was given a
short briefing describing the purpose and procedures of the test and assuring them of the
confidentiality of the results. They were then asked to complete a short background ques-
tionnaire.

To facilitate testing and to prevent possible cooperation between the pair of examinees,
the timing of the individual components of the test was staggered. At no point did the two
examinees simultaneously complete the same written test or fight the same air battle. The
complete testing procedure required 3 hr per pair of examinees.

One of the examinees began by taking the simulated air battle portion of the test. After
concluding all of the simulated air battles, he was asked to complete the written initialization
test and, if a unit member, the written tactical operations test. The second examinee com-
pleted the written test(s) before beginning the first simulated air battle. The order of the air
battles was the same for all examinees: area defense scenario, mixed defense scenario, point
defense scenario, and battalion (ICC) scenario. The order was based on providing continuity
and an increasing level of difficulty." Just before the beginning of each scenario, the exam-

lt The practice effects that result from ordering the scenarios according to increasing level of difficulty may
have facilitated performance in the later air battles to a limited extent for persons who had not recently performed
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inee was provided with written instructions concerning his mission and the applicable air
defense conditions and tactics. The scenarios were written to allow the participants 1 min to
set up their consoles before the first engageable aircraft appeared.

PERFORMANCE MEASURES AND ANALYSIS

The PCOFT facility computer tabulated all air battle switch action and outcome records
automatically. RAND developed additional software to analyze these records for different
purposes, for example, to identify hostile versus friendly aircraft engagements and to assess
adherence to tactical instructions.

Measures of Effectiveness

Tab] 1 5 shows the measures of effectiveness that were used to evaluate the performance
of the examinees. The measures are divided into primary and supporting measures. The
primary measures reflect the direct outcomes of the air battles, such as asset damage and
specific aircraft engagements. The supporting measures reflect actions and knowledge that
contribute to success on the primary measures. Table 6 lists the specific test factors that
were evaluated and relates them to the applicable measures of effectiveness. Each factor
was evaluated separately for each scenario and examinee. The factors cover the broad range
of responsibilities a 24T would be required to perform in a hostile wartime environment. Be-
low is a more detailed description of each factor and how it was evaluated. The factors are
presented according to whether they relate to the primary or supporting measures Af effec-
tiver-s.

Factors Related to Primary Measures of Effectiveness. The factors related to the
primary measures of effectiveness were as follows.

Number of hits to each asset by priority of asset. The goal of the asset defense mis-
sion is to protect friendly assets from enemy air strikes. Naturally, the ECS itself must also
bc protected. In our study, the mixed defense scenario had one defended asset, and the point
defense and battalion scenarios had two defended assets. Moreover, these assets had an
underlying priority that the examinee should adhere to in fighting the air battle. For exam-

Table 5

Measures of Effectiveness for Patriot
Operator Performance

Primary measures

A. Asset defense
B. Hostile aircraft killed in accordance with tactics
C. Missile conservation

Supporting measures
D. Tactical proficiency
E. Technical proficiency

as TCAs or TDAs. In our opinion, and b3 design, this situation is realistic because such persons would be given an
opportunity to practice before participating in a ieal battle if at all possible.
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Table 6

Specific Test Factors Related to Measures of Effectiveness

Measure of Effectivenessa

Primary Supporting

Factor A B C D E

Scenario Tests (Area, Mixed, Point, Battalion)

Number of hits to each asset by priority of asset X
Number of hits to ECS X
Number of hostile aircraft engaged (IAWb tactics and not

lAW tactics) X X
Number of friendlies engaged X
Missiles used X

Tactical correctness of engagements
In netted configuration X
Specified asset threat code targets X
Safe passage corridor X
Time to last launch X
Position of aircraft and flight path at launch X
Specified slow speed targets X
Fire patterns lAW tactics and not lAW tactics (number

of shoot-look-shoot, ripple, salvo by type of target-
e.g., raid size, threat code level) X

Success in manual aircraft identification procedures X
Console setup X
Execution of engagement, cease fire, and hold fire

commands X
Execution of IFF code change X

Written Tests
Score on written initialization test adapted from program

of instruction X
Score on 32nd AADCOM-adapted TCA qualification test

(units only) X

aSee Table 5 for a description of measures A through E.

bIn accordance with.

ple, the first priority in the scenarios was given to defending the ECS (i.e., self-defense), and
additional priorities were given to the assets per se. As a result, for a given air battle sce-
nario, we were able to determine both the total number of hits sustained from hostile aircraft
and the pattern of damage sustained according to the underlying asset prioritization.

Number of hits to ECS. Whether performing dn area (attrition) or point (asset) de-
fense mission, the soldier must engage in self-defense. As noted above, we could determine
how well examinees defended themselves by identifying the number of hits the ECS sus-
tained.

Number of hostile aircraft engaged. We tabulated the total number of hostile air-
craft engaged during each scenario. Moreover, we did this in terms of tactical correctness so
that we had two measures. One was simply a straight count of the number of hostile aircraft
killed and the other was a count of the number of aircraft that were killed correctly according
to tactics. The criteria used to evaluate tactical correctness are discussed below (see Tactical
Correctness of Engagements). If the examinee committed any of the specified errors, the
hostile aircraft was deemed not to have been killed in accordance with tactics. One might
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argue that the way in which a hostile aircraft is killed is of little significance. However, this
is not the case. Among other reasons, tactical procedures are established to minimize the po-
tential engagement of friendly aircraft, to ensure that missiles are not wasted due to multiple
ongagements of the same aircraft, and, in some instances, to avoid the escalation of conflict.
These are extremely important considerations, and, for this reason, we focus on tactically
correct kills.

Number of friendly aircraft engaged. With certain limited exceptions, friendly air-
craft were scripted to comply with tactical procedures concerning the use of passive (flight
pattern) and active (electronic) identification means. Under such conditions, friendly aircraft
are unlikely to be engaged by the Patriot system, and our count of such instances clearly re-
flects this fact. However, we did include several instances of electronic identification mal-
functions or problems that increased the possibility of engaging a friendly aircraft. Further-
more, a portion of the point defense scenario required manual identification of aircraft, which
also increased the likelihood of engaging friendly aircraft.

Total missiles used. The examinees were given 32 missiles in the area and mixed de-
fense scenarios, 64 in the point defense scenario, and 96 in the battalion scenario. We con-
structed a measure of missile conservation that reflects the ratio of missiles used per hostile
aircraft killed in accordance with tactics.

Factors Related to Supporting Measures of Effectiveness. The factors related to
the supporting measures of effectiveness reflect actions and knowledge that underlie success
in the air defense mission. Thus, we specially designed our test to permit the assessment of
performance on these individual factors. Moreover, to properly simulate the outcomes of
actual air battles, we ensured that poor performance on these factors resulted in potential
degradation of mission success at the broader level-for example, in greater damage to
defended assets or to the ECS. These factors were as follows.

Tactical correctness of engagements. During an actual air battle, operators must
comply with various tactical procedures while engaging hostile aircraft. The tactics specified
in our test closely resembled current operating procedures. They were modified to some ex-
tent to protect classified information, and, for similar reasons, some of the detail concerning
the tactical criteria is intentionally omitted from the ensuing discussion. In somewhat gen-
eral terms, each engagement was evaluated according to the following criteria, which were
developed for the purpose of the test:1 2

Netted error. This is a tactical error committed by engaging an aircraft without au-
thorization while in the centralized mode of operation.
Asset threat code error. Each hostile aircraft is automatically assigned an asset
threat code depending on its flight behavior and proximity to assets. Examinees
were instructed to engage only those aircraft that exhibited an asset threat code
designation within a certain range of values, which depended on the mission.
Safie passage corridor error. In our test, no aircraft were engageable while flying in
a valid safe passage corridor. If the examinee violated this directive, the killed air-
craft was considered not to have been killed in accordance with tactics.

1 2 1t was not always possible to commit all 4if these errors on each engagement. For instance, a netted error

could only be cominitted in the first 8 mrin of the area defense scenarioa, during centralized operat ion. Moreover, onlyI few aircraft flew at a slow speed and only a few enemy aircraft flew in safe passage corridors
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TLL error. The Patriot system automatically calculates the time to last launch for
the operator, which is the number of seconds remaining before the hostile aircraft
is too close to the threatened asset to be destroyed before it reaches that asset.
Examinees were directed not to engage an aircraft unless its TLL value was below
a certain level in order to conserve missiles and maximize the probability of kill.
Crossing and outbound error. Aircraft flying in a crossing or outbound direction
were authorized for engagement only if they posed a specified threat and a certain
number of missiles were still available for firing.
Slow speed error. No slow speed target was to be engaged unless it directly threat-
ened the fire unit and the TLL was below a certain level.
Method of fire error. Specific method of fire criteria were to be followed during en-
gagements; they were a function of flight size (number of enemy aircraft) and the
nature of the threat. Specifically, the salvo method fired two missiles in rapid suc-
cession, the ripple method fired two missiles but with a longer intervening period,
and the shoot-look-shoot method fired a single missile. Shoot-look-shoot was the
normal method of fire.

Success in manual identification procedures. The examinees were instructed to
manually evaluate all aircraft flying in a particular, compromised safe passage corridor dur-
ing the final 5 min of the point defense scenario. This evaluation required them to call up
certain information onto the console screen so they could determine whether the aircraft
would be considered hostile if it were not credited with positive points for being inside the
compromised corridor. From this point forward, 15 aircraft flew in the corridor, five of which
were actually hostile but appeared not to be. The examinee was evaluated on whether the
five hostile aircraft were correctly identified.

Console setup. In all scenarios except the battalion scenario, the administrator
checked the examinee's console at approximately 90 sec and 2 min into the air battle to de-
termine if he had set up the console and activated the launching stations in accordance with
instructions. The instructions provided information concerning the console and required the
examinee to conserve four missiles for self-defense by deferring activation of one of the
launching stations. 13 If the administrator found the console setup to be incorrect at the 90-
sec mark, she advised the examinee to check the console. If the setup still was incorrect at 2
min, the administrator informed the examinee how to correct any remaining problems.
Thus, the two checks reflected an unaided measure and an aided measure, respectively.

Execution of engagement, cease fire, and hold fire commands. Examinees were
ordered to engage specific aircraft in the area defense and battalion scenarios. Accordingly,
they were evaluated on whether they complied with these orders. In addition, a cease fire
and a hold fire command were given at the beginning of the battalion scenario. These com-
mands required distinct switch actions, but, in general terms, their intent was to prevent the
engagement of the specified aircraft.

Execution of IFF code change. Twelve minutes into the point defense scenario, a
message was transmitted to the examinee indicating that the 1FF code had been compro-
mised. The enlistee then had to change the code by calling up a particular tab onto the con-

1 3We were unable to meaningfully evaluate examinee performance in setting up the battalion console because
battalion operations were unfamiliar to and proved difficult for most of the examinees.
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sole screen and entering the newly specified code information. We evaluated whether this
procedure was performed correctly and in a timely fashion.

Written tests. As previously mentioned, all examinees completed an initialization test,
and all unit members completed a test assessing knowledge of tactical standing operating
procedures. The tests were drawn from official items. The measure assessed was simply the
percentage of correct answers. To more meaningfully detect variations in individual perfor-
mance, pretest results were used to select items of intermediate difficulty, yielding an ex-
pected score of approximately 50 percent correct.

Summary Outcome Measures

One of the desires expressed by the Air Defense Artillery School was that the results be
summarized according to their implications for battlefield survival, tactical proficiency, and
technical proficiency. In consult,'.ion with school personnel, we developed a plan to combine
the individual output measures captured during the simulated air battles into these three
broad measures as follows:

1. Battlefield survival. This is an overall measure of the examinee's performance on as-
set defense, hostile aircraft killed in accordance with tactics, and missile conservation. 14 It

has an obvious and direct connection with battlefield survival.
2. Tactical proficiency. This measure reflects how well the examinee complied during

the air battles with the individual tactical criteria that underlie the tactical correctness of
engagements. These criteria include method of fire, time to last launch, asset threat code,
and netted errors, and performance on manual identification procedures. 15

3. Technical proficiency. This is an overall measure of how well the examinee set up
the console (including launchers), complied with engagement commands, executed the IFF
code bank change, and scored on the written initialization test.

Based on the advice of the air defense experts, the individual measures combined into
each summary measure were weighted equally.16 Our analysis supports the viability and
reliability of the summary measures. The Cronbach's alpha coefficients for the overall sum-
mary measures computed across the three battery scenarios are 0.80 for battlefield survival,
0.61 for tactical proficiency, and 0.74 for technical proficiency. ýSee Appendix A.)

1 4 The missile conservation measure is discussed in detail later. It concerns the number of missiles the
examinee required to destroy one hostile aircraft in a tactically correct manner. The remaining primary factor,
number of friendlies engaged, was excluded because its rare occurrence argued against weighting it equally with the
three pervasive factors identified above.

15The tactical measures were adjusted so that the percentage used is really an error rate per engagement
rather than just a straight error rate. This adjustment was done on method of fire, time to last launch, and asset
threat code in order not to penalize operators with more engagements. We decided not to include the safe passage
corridor, slow speed target, and flight path (outbound or crossing) measures because there were limited
opportunities for these errors, and the written tactics test was excluded because it was taken only by unit members.

1 6The panel recommended that the individual factors within a summary area be given equal weight because
their relative values would vary depending on the particular features of an air battle or mission. To accomplish this
end, the individual measures composing the overall summary score were converted to Z-scores and added together.
To facilitate the comparison of results across the three summary categories (explained in more detail in Section 4),
the resulting score also was standardized so that its mean was 0 and its standard deviation was 1. The resulting
summary measures were computed for each scenario individually as well as for the three battery level scenarios
together.
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Principal Predictor Variables

We modeled the effects of various soldier characteristics on these multiple performance
measures using multivariate regression analysis. Before arriving at the final model specifi-
cation, alternative predictor variables and models were explored. For example, in addition to
AFQT score (a general aptitude measure), we examined other composites of the aptitude
scales contained in the ASVAB that assess aptitude in specific areas, such as electronics and
motor maintenance. We also looked at the examinee's educational level and years of educa-
tion; training background; general experience factors, such as time in service, current grade,
time since AIT, time in MOS, location of service, and type of prior unit (e.g., Patriot or other
air defense units); and specific job history variables, such as extent and recentness of previ-
ous service as a TCA, TDA, and maintainer.

We were guided by the need to distinguish (a) AIT students from unit members in order
to assess whether potential aptitude effects attenuated with experience and (b) persons sta-
tioned overseas from those at Fort Bliss in order to control for possible differences in knowl-
edge, procedures, and practice. We were also guided by the policy relevance of AFQT score as
compared with other composites, the need to control for and identify the effects of operator
experience and recent training, and the desirability of minimizing the number of predictor
variables. Our review led us to select the following six predictor variables as our model:

1. AFQT percentile score.
2. Operator months. This is the total number of months the examinee had served as

TCA or TDA since graduation from AIT/Transition Training as a 24T (coded as "0"
for AIT students). 17

3. Unit membership. This is a dichotomous variable to distinguish between AIT stu-
dents and graduate unit members.18

4. Training days. This is a self-reported measure of the number of sustainment or
collective training days a unit member had received during the last 6 months on
the Live Air Trainer (LAT), Tactical Proficiency Trainer (TPT), or PCOFT.19

5. Location. This dichotomous variable indicating station at Fort Bliss (AIT students
or unit members) or in Germany (unit members) was included to deal with possible
differences in operating procedures.

6. TDA experience. This variable was included in the model only for analyses that
pertained directly to outcomes in the battalion scenario. It is a dichotomous vari-
able to differentiate between those who were currently acting as TDAs and those
who were not.

The additional aptitude measures, background factors (such as education and time in
service), and job history variables were excluded because they did not improve prediction of
performance.

17 TCA experience typically dominates this measure, since the mean value is 7.4 months compared to only 1.6
months for TDA experience.

18 We also checked to see if certain units performed consistently better or worse than others. Only a few,
isolated effects were found. As a result, the dichotomous variable sufficed to control for unit designation.

19 Embedded training on the tactical equipment accounted for nearly all of the training reported: LAT
training, which uses images of actual air traffic in simulated air battles, averaged 9.0 days during the last 6 months;
TPT training, which uses scripted air traffic patterns, averaged 7.6 days. PCOFT training averaged only 0.5 days.
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The aptitude data were obtained from official records, including enlistment testing files
maintained by the Defense Manpower Data Center and Army records from the Enlisted Mas-
ter File. Location of assignment and unit membership status also were determined from
these records. The experience and training variables were defined using self-reported ques-
tionnaire data trom the examinees. Together, these factors should provide an accurate
assessment of the effects of personnel quality on performance because they control for signifi-
cant individual differences in experience or training. Although some of the predictor vari-
ables clearly are related to others (e.g., one must be a unit member to be stationed in Ger-
many), there is no evidence of multicollinearity problems. The highest correlation between
AFQT percentile score and the other predictors was .04 (for operator months); among the re-
maining predictor variables, intercorrelations ranged from .21 (training days with location in
Germany) to .54 (unit member status with location in Germany). Moreover, among these
non-AFQT variables, when we omitted one predictor at a time and used the remaining vari-
ables to predict its value, the multiple R-squares ranged from only .27 to .35. (See Appendix
A for additional information on correlations and R-squares among the predictor and outcome
variables.)



4. RESULTS FOR PRIMARY MEASURES

This study assessed air battle performance in key areas of capability. The primary out-
come measures included asset defense (e.g., number of hits on all assets and damage by indi-
vidual asset priority), hostile aircraft killed in accordance with tactics, and missile conserva-
tion. In this section, we discuss our analytical approach and present regression results for
the primary measures. We begin with a brief comparison of performance among unit mem-
bers and graduating AIT students.

UNIT MEMBER VERSUS STUDENT SCORES

The test incorporated realistic and challenging scenarios. This fact is confirmed by the
feedback we received from the test participants. In the early development of the study, one
of the concerns was that realistic scenarios might be so difficult that the AIT students would
not be able to handle them, which might lead to wide differences in performance between AIT
students and unit members. Alternatively, there was concern that if the scenarios were
simplified for the AIT students, they would be too easy for the unit members and perhaps
unrealistic. These concerns about the feasibility of designing a common test proved un-
founded.

Table 7 shows some simple data for the primary outcome measures. These data clearly
indicate that AIT students and unit members performed comparably on the key measures in
the test. There are some differences between the groups due to acquired experience and
training, but clearly the test was meaningful both for the AIT students and the unit mem-
bers.

The first group of data in Table 7 shows summary statistics on the total number of hits
taken against defended assets, including the ECS. For each of the scenarios, three numbers
are presented: the mean, or average, number of hits taken, and the minimum and maximum
number of hits taken by any test participant.1 The results are presented separately for AIT
students and unit members. Among AIT students, the average number of hits taken ranged
from 1.5 in the area defense scenario to 15.1 in the battalion scenario. Note that the number
of hits taken increases steadily across the four scenarios, reflecting the increasing level of
difficulty we scripted into them. 2 Indeed, most of the study participants found the battalion
scenario extremely difficult and challenging. For each scenario, there was a substantial

1Occasionally, we experienced problems with outliers on some of the output measures. Outliers pose a
potential problem, since the resulting distributional skew can bias the results. This problem can be addressed by
transforming the variables. For example, a log transformation normally ameliorates this problem. Unfortunately,
transformations make interpretation of the results more difficult. After verifying that the basic pattern of the
results did not change, we decided instead to adopt a four standard deviation rule. In a normal distribution, 99.994
percent of the cases are located within four standard deviations of the mean value. We believe this to be sufficiently
inclusive. Thus, if a particular observation deviated from the mean for a given variable by more than four standard
deviations, we eliminated it. This was not a common problem, and resulted in the elimination of two or fewer cases
(typically, none) per analysis.

2 One should not conclude from these results that 24Ts are inherently less capable of performing a point
defense mission than an area defense mission, for example. To reiterate, differences in these results reflect in large
measure the particular characteristics we built into each of the scenarios. For example, there were five hits scripted
in the software for the area defense scenario, whereas there were 13 scripted in the point defense scenario. We
discuss below how we dealt with this difference so we could compare results across scenarios.

23
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Table 7

Mean, Minimum, and Maximum Scores for Primary Outcomesa

AIT Students Unit Members

Measure Mean Min Max Mean Min Max

Asset Damage
Area defense scenario 1.5 0 5 1.3 0 5
Mixed defense scenario 4.8 1 9 4.2 0 9
Point defense scenario 6.4 2 12 6.1 2 11
Battalion scenario 15.1 5 23 14.9 5 23

Hostile Aircraft Killed TAWb Tactics
Area defense scenario 7.1 1 13 8.8 1 16
Mixed defense scenario 15.6 4 24 17.8 3 25
Point defense scenario 21.1 5 34 23.8 7 37
Battalion scenario 10.0 0 18 11.5 0 21

Ratio of Missiles Used per Tactically Correct Kill

Area defense scenario 3.9 1.3 16.0 3.1 1.3 13.0
Mixed defense scenario 2.0 1.3 3.9 1.8 1.2 4.0
Point defense scenario 2.4 1.3 6.1 2.1 1.4 6.1
Battalion scenario 6.8 2.2 32.5 5.9 1.9 32.0

Quartile Values at the 25th, 50th, and 75th Percentiles

Asset Damage Hostiles Killed Missile Ratio

25th 50th 75th 25th 50th 75th 25th 50th 75th

Area 1 1 2 6 8 11 1.9 2.5 3.6
Mixed 3 4 6 15 18 20 1.5 1.7 2.0
Point 5 6 7.5 19 23 28 1.7 2.0 2.4
Battalion 12 15 18 7 12 15 2.9 3.6 6.6

aReading down the table, the standard deviations for the means are 1.0, 1.8, 2.0, 4.4, 2.8, 3.8, 5.9,
4.7, 2.6, 0.5, 0.9, and 6.7 for the AIT students, and 0.9, 1.8, 2.0, 3.8, 3.4, 3.7, 6.7, 4.7, 2.1, 0.5, 0.7, and 5.6
for the unit members. The number of cases varies slightly, but is generally about 90 for the AIT student
measures and 211 for the unit member measures.

bIn accordance with.

range of scores from the minimum to the maximum, whereas both the mean score and the
range of scores were quite similar for the AIT students and the unit members. In other
words, most of the variation in asset damage for these scenarios was across individuals,

rather than between AIT students and unit members. This finding confirms the meaningful
and challenging nature of the test for both groups.

There are similar results in the second group of data, which shows the number of hostile

aircraft killed in accordance with tactics. Again, there is a wide range of values among indi-
viduals for each scenario, and again the performance of AIT students is fairly similar to that
of the unit members. In each case, the maximum score achieved by the unit members is
slightly higher than that achieved by the AIT students. This result is not surprising, given
that the bulk of tactical procedures is taught in the units.

Finally, the means, minimums, and maximums for the ratio of missiles fired per tacti-

cally correct kill (the third group of data) are consistent with those discussed above. On this
conservation measure, which penalizes the examinee for improper missile usage, AIT stu-
dents had slightly larger mean ratios than did unit members, indicating that AIT students
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typically fired more missiles than did unit members per tactically correct kill, i.e., did not
conserve missiles as well. This result follows from that discussed in the preceding paragraph
if the number of missiles fired is held constant, because the AIT students had a somewhat
smaller number of tactically correct kills.3 In the main, however, the results once again indi-
cate that most of the variation in performance occurred across individuals, not between AIT
students and unit members.

ANALYTICAL APPROACH

As previously mentioned, we used multivariate models to assess performance across a
broad range of outcome measures, including both individual measures (e.g., damage to par-
ticular assets) and more broadly based, summary indices. The models assessed performance
based on an array of personnel factors, focusing on aptitude. For example, a typical analysis
at the more broadly based, summary level might examine the total asset damage sustained
in a particular air battle as a function of the examinee's AFQT percentile score, the number
of months experience he had as an operator of an ECS or ICC, whether he was currently in a
unit or was simply completing initial training, whether he was stationed in CONUS or in
Germany, and the number of training days he had received in the unit on the TPT, LAT, or
PCOFT during the previous 6 months.

The simplest way to investigate the effects of our predictor variables on the outcome
measures is to analyze the raw scores obtained on these measures. We conducted such
analyses; all results are shown in Appendix A, and the results for the primary outcomes are
summarized later in this discussion, in Figures 9, 10, and 11. Such analyses reveal, for ex-
ample, the impact of AFQT score on the number of hostile aircraft killed. The problem with
this simple approach is that most of the outcomes are characterized by unique scales reflect-
ing characteristics idiosyncratic to each scenario. For example, the number of asset hits
scripted into the software was 5, 10, 13, and 23 for the four scenarios, respectively. More-
over, the number of hits scripted against specific assets within each scenario also varied. So,
too, did the number of hostile aircraft that could be engaged and the total missiles available
for engagements (32, 32, 64, and 96). Each scenario also possessed distinguishing attributes
that tested particular technical or tactical skills and influenced the level of difficulty. As a
result, virtually every outcome measure has a different average value and distribution of
scores. Since the means and standard deviations are different for the various outcomes, the
resulting regression coefficients based on raw scores are not directly comparable within or
across scenarios.

To facilitate comparison of the influence of the predictor variables on different outcomes,
both within and between scenarios, we standardized our dependent variables. By
transforming all outcomes to Z-scores, with the same mean (0) and standard deviation (1), we

3The maximum ratio values for both the area defense and battalion scenarios are quite large. These values
are not indicative of how the typical examinee performed. The frequency distribution presented at the bottom of
Table 7 reveals that the vast majority of examinees experienced scores well below the maximum. Moreover, the
scores were further below the maximum for these two measures than for the other measures in the table. For
example, in the area defense scenario, 75 percent of the examinees demonstrated a missile-to-hostile-kill ratio of 3.6
or less, which is well below the maximum values of 16 and 13. Similarly, in the battalion scenario, 75 percent of the
examinees ordered 6.6 or fewer missiles to be fired per kill, which is well below the maximum value of 32. The wider
range of variation in performance for these scenarios most probably can be attributed to the need for an adjustment
period among some individuals (the area defense scenario was the first tested, and the battalicn scenario was the
first nonbattery scenario) and to the lack of familiarity with battalion operations shown by many examinees.
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were able to compare the effects of the predictor variables across these different measures us-
ing a common yardstick. 4 For example, we could compare the effect of AFQT score (or any

other predictor variable) on a soldier's ability to kill hostile aircraft in different types of mis-
sions, and we could also compare the effect of AFQT score on kills to that on defending as-

sets. The standardized outcomes were analyzed using ordinary least squares (OLS) regres-
sion. The coefficients obtained in those analyses are shown in Appendix A.

REGRESSION RESULTS

Although the use of standardized outcome measures provides a common yardstick with
which to compare the effects of given predictor variables across outcomes and scenarios, it
still is not completely satisfying for the purpose of presentation. This drawback is at-
tributable to the fact that standardized outcomes can take on an infinite range of values that

indicate only the direction and (number of) standard deviations of the difference between the
given score and the mean score for the particular outcome. In contrast, the prcbability val-
ues associated with the standardized outcome scores represent a measure with more intuitive
appeal. They range from 0 to 1, or, in terms of percentages, from 0 to 100 with an average
value of 50. These values are derived directly from the Z-scores, using a cumulative standard
normal distribution. For example, a Z-score of 0 equals a probability of 50 percent.
Conceptually, the result represents the percentile ranking of the Z-score, and it indicates the
extent to which the soldier performed well or poorly relative to other 24T soldiers on the
given outcome measure.

As just discussed, standardization of the outcome scores (and use of the resulting prob-
ability values) facilitates comprehension and generalization of the study results. Clarity also

4 The formula for a Z-score is: (raw score for person i [X i] - mean of X) / standard deviation of X. The Z
distribution is also referred to as the standard normal distribution. This distribution is centered around a mean of
0, has a standard deviation of 1, and is symmetric. Therefore, a Z-score is the number of standard deviations of the
score away from its mean.

5 The predicted standardized outcome value for a soldier with a particular AFQT score and given character-
.. tics on the other predictor variables is calculated as follows, using the regression coefficients provided in Appendix
A

Z = a ÷ b1X 1 b2 X2  h 3X3 + b 4 X4 + b 5 X5

where

Z = predicted Z-score on outcome measure
a = intercept

bIX 1 = AFQT regressinn coefficient. AFQT percentile score

b 2 X2 = OPERMON coefficient. months of operator experience

b 3 X3 = UNITMEM coefficient unit membership score (1 or 0)

b 4 X4 = LOCATION coefficient overseas location score (1 or 0)

b5X 5 = THAINDAY coefficient number of training days

The resulting Z-score is entered into the cumulative standard normal distribution to determine the associated
percentage scnre

All standardized results are reported with higher numbers indicating better performance than lower
numbers. In ca-es for which a high Z-score reflected poor performance, the Z-score was multiplied by -1. For
example, the standardized asset damage scores were multiplied by -1 to produce measures of asset defense. Note
that the predicted Z-score can he reconverted to a raw score by using the Z-score formula to solve for Y This
formula is simply Y = IZ stddrvv' + mean The standard deviation and mean values in this formula refer to t. eraw
distribution and are provided in Appendix A For outcomes with reversed polarity, the formula is Y = (-Z X stddev)
+ mean. These outcomes include asset damage, friendly kills, netted errors, and tactical errors per engagement.
For missiles used per hostile killed in accordance with tactics, the reciprocal of the raw result was used.
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can be facilitated by summarizing the results for the continuous predictor variables in terms
of more meaningful units for comparison. Rather than simply reporting the change in out-
come associated with an increase of one AFQT percentile point, a month of operator experi-
ence, and a day of training (the units used in the regression analyses), we summarized the
results for these predictors ii. terms of an increase of one AFQT category, a year of operator
experience, and a one-day-in-ten training schedule. This summarization helped us exam-
ine the tradeoffs among aptitude, experience, and training and their implications for readi-
ness.

Specifically, the first column of Tables 8 through 11 shows the predicted change in out-
come score resulting from an increase in AFQT score of 21 percentile points ("one category")
measured from the midpoint of category ILIA. The 21-point figure represents the average
difference between the midpoints of category IIIB versus IlIA and category IlIA versus cate-
gories I and II combined, which together account for nearly all MOS 24T soldiers. The other
columns show the effects of a year of experience as an operator at an ECS or ICC (from 0 to
12 months), unit membership (i.e., whether the person belongs to a unit as compared to being
an AIT student), being stationed in Germany as compared to at Fort Bliss, and collective or
sustainment training (using, primarily, the TPT or LAT) at a rate of I day per 10-day period
during the preceding 6 months (from 0 to 18 days).6 Double asterisks indicate that the factor
was statistically significant in predicting outcome in the indicated scenario (i.e.,
p-value < .05), and single asterisks indicate that the factor was marginally significant (i.e., p-
value between .05 and .10).

Of the factors evaluated, AFQT score showed significant effects most consistently.
Given that virtually all the MOS 24T soldiers were high school graduates, the AFQT results
translate directly to quality effects. Each of the other variables also showed some significant
effects, particularly operator experience and unit membership. Together with the simulation
training results, the effects for these variables provide evidence of a direct link between unit
training and performance in air battles.

Each of the regression summary tables is followed by one or more figures. The purpose
of the figures is to illustrate graphically the predicted variation in performance as one moves
across the midpoint of each AFQT category while holding the other predictor variables in the
regression model constant at their average values. In other words, the figures show how the
performance of 24T soldiers who are identical on operator, unit, overseas, and training status
is predicted to vary with AFQT score. The figures illustrate results for the mixed and point
defense scenarios, which represent different battery level missions carried out autonomously
and include the defense of multiple assets.

6 The mean score for each predictor variable lies in the middle of the indicated range. Note that the predicted
changes in outcome would be somewhat smaller if measured from the extremes of the predictor variable distrib- tion
(such as 2 to 3 years of operator experience) because the ,constant) Z-score change estimated in the regression
translates to decreasing percentage point changes at these extremes.

We want to remind the reader that the purpose of the regression tables is to summarize and facilitate
comparison of the results in meaningful units. The continuous variables included in the summarized regressions
were AFQT percentile score, months of operator experience, and number of days of training in the preceding 6
months.
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Asset Defense

Table 8 summarizes the regression results for asset defense. Each row shows the effect
of the predictor variables on asset defense for a particular scenario. 7 The entries represent a
soldier's predicted improvement in defending all assigned assets, including the ECS(s), on a
scale that ranges from 0 to 100 and has an average value of 50 among the examinees
(representing the vast majority of MOS 24T soldiers).

We were particularly interested in the extent to which each of the factors showed a sta-
tistically significant effect on asset defense and in the comparative magnitude of the factors'
effects. For example, looking across the first row, one finds a significant increase in pre-
dicted ECS defense in the area defense scenario for an increase of one AFQT category: 7.2
points. In other words, even if their other characteristics were identical, replacing a category
IIIA soldier with a category I or II soldier would result in a significant improvement in asset
defense. A similar improvement can be expected if a category IIIB soldier is replaced with a
category liA. The results for other factors generally were in the expected direction, but none
of them approached statistical significance.

There was a greater number of significant effects in both the mixed and point defense
scenarios. For example, in the mixed defense scenario, the expected increase in asset defense
by AFQT category was again significant at 10.3 points; in the point defense scenario, it was
significant at 9.5 points. We also found that operator experience had a significant effect:
about an 8.4 point increase in expected asset defense for a year of operator experience. At
the far right of the table, note the significant effect of training days in the point defense sce-
nario, equaling a 5.6 point increase in anticipated asset defense, assuming 1 training day
every 10 days. In the battalion scenario, the only statistically significant effect was that sol-
diers in units stationed in Germany did better in defending their assets than did unit mem-
bers stationed in CONUS. The marginally significant negative effect for unit membership is

Table 8

Summary of Regression Results for Asset Defense
(predicted change in asset defense score on scale of 0 to 100)

Factor

Simulation
AFQT Operator Unit Germany Training Day

Scenario Category Year Member Station Each Ten Days

Area defense 7.2** 3.2 5.6 -0.1 2.8
(ZDAMAGE 1)

Mixed defense 10.3"* 8.4** 2.4 4.8 1.6
(ZDAMAGE2)

Point defense 9.5** 8.4** -7.2 4.8 5.6*
(ZDAMAGE3)

Battalion 2.4 3.6 -10.70 15.8"* -0.4
(ZDAMAGE4)

NOTE: Single asterisk signifies a marginally significant factor (p < .10); double asterisk
signifies a statistically significant factor (p < .05).

7To assist the reader interested in cross-referencing the basic regression results used to derive Table 8 and all
similar tables,the names used in Appendix A for the outcome variables are given in parentheses in the tables.
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helpful in interpreting this result. The interpretation is that soldiers stationed in Germany
(all of whom are unit members, thus getting the sum of the two coefficients) outperformed
AIT students (who get neither coefficient) by about 5 points, and that the students outper-
formed the unit members at Fort Bliss (who simply get the unit member coefficient) by about
11 points. As mentioned earlier, our results indicate that most of the soldiers had quite a bit
of difficulty with the battalion scenario, probably because, relative to the other scenarios, it
was more complex and they had less opportunity to practice. The foregoing pattern could in-
dicate that after receiving asset defense training at the battalion level in the 2COFT during
AIT, most soldiers did not have a meaningful opportunity for sustainment or collective train-
ing in the TDA role until they shipped overseas.

What are the implications of these results? Looking down the columns of Table 8, one
can see that AFQT category shows significant predicted effects on success in asset defense
most consistently, followed by operator experience. Moreover, in each battery level scenario,
the numbers indicate that an AFQT category is worth as much as or more than a year of op-
erator experience or frequent training in terms of preventing asset damage. The results have
readiness and cost implications, because they suggest that higher quality soldiers, as mea-
sured by AFQT score, require less training and operator experience to perform at the same
level as lower quality soldiers.8 The training results must be interpreted with caution, how-
ever, because the measure relies on self-reports of training over the preceding 6 months. It is
likely that a more precise measure might reveal a greater effect, although it seems unlikely
that it would surpass that of AFQT. Nonetheless, even this rough measure provides some ev-
idence of the efficacy of simulation training and, when considered together with the operator
experience effects, of unit training procedures.

Asset Defense by AFQT Category

Thus far, we have looked at the asset defense results in terms of the predicted change in
performance associated with each predictor variable in the regression model. Here, we focus
on the predicted effects of AFQT score, the main variable of interest, by Visually comparing
the expected performance of the members of different categories (holding the other factors
constant at their mean values). Figure 2 illustrates this approach; it shows predicted per-
formance in asset defense for the mixed and point defense scenarios on the 0 to 100 scale for
categories I through IV, evaluated at the midpoint of each category. The issue is the extent
of predicted variation around the average score of 50 as one moves across AFQT categories.
The numbers of individuals tested in categories I and IV were small. whereas the numbers in
categories II, IIIA, and IIIB were much larger. Thus, the results for categories I and IV must

8 The true magnitude of AFQT effects may be even larger than reflected in our analyses. The possibility exists
that soldiers who enlist for MOS 24T self-select or are chosen by military job counselors for this specialty in part
because they have superior skills as Patriot operators. Such selection would restrict the range of observed outcome
scores. If persons who do not currently enlist in MOS 24T were encouraged to do so in the future for example, by
lowering aptitude requirements), the extent of this screening might decrease. Using accession records, we
performed a Heckman correction for selectivity, distinguishing persons enlisting in MOS 24T from persons enlisting
in other Army specialties during the same time period. (See Greene, 1990, p. 744.) The predictors included AFQT
score, age at entry, high school graduation status, sex, and year of entry. The correction term derived from the
predicted (probit) probability of becoming a Patriot operator was then entered as an additional term with the
predictor variables in our outcome regressions. The result was an increase of about 50 percent in the magnitude of
the AFQT score coefficient. Given the uncertain extent to which selectivity would decrease if some additional lower
quality recruits were allowed into this specialty, we chose to present the more conservative estimates of the effect of
AFQT score on performance.



30

70
65.2 64.4

El Mixed defense
60 57.1 56.7 U Point defense

On scale of 0 to 100 points,
with average score of 50,

50 46.4 46.8

40 38.6 39.4

oo_ 29.5 30.9
30

20

10

0

IliA IIIB IV
AFQT category

Fig. 2-Predicted Variation in Asset Defense by AFQT Category

be interpreted with caution, and we focus our discussion on the differences across categories
II, IIIA, and IIIB.

The predicted variation around 50 as one moves across AFQT categories in Figure 2 is
quite consisLent for the two scenarios. For example, moving from category II to category IIIB
in both cases shows a substantial decrease in the expected score on asset defense, from ap-
proximately 57 for category II to 39 for category IIIB. In other words, even if the category
IIIB soldier had the average amount of operator experience, unit, overseas, and training val-
ues, these data predict that he would pet form more poorly than most (61 percent-i.e., 100 -
39) of his fellow 24T soldiers. In contrast, thie category II 24T would outperform most other
24Ts. The predicted difference between category IV and I soldiers, which cannot be esti-
mated with as much confidence, is 35 points out of 100.

Asset Defense by Priority of Asset

The examinees were given information concerning the priorities of the assets at the be-
ginning of each scenario. In recognition of the need for self-defense, defense of the ECS was
given the highest priority level in all scenarios. In the mixed defense scenario, an additional
asset, an airfield, was assigned the second priority level; in the point defense scenario, two
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additional assets, an airstrip and a communications link, were assigned the second and third
priority levels, respectively. These features made it possible to examine the soldiers' success
at defending multiple assets of different priorities.

We compared each examinee's success in defending the various assets by determining
the difference in hits he sustained against each one. 9 If AFQT score did not differentially af-
fect asset defense by priority, defense scores for all assets would be expected to increase as
one moved across AFQT categories, and the rate of change would be comparable regardless of
priority.

Figures 3 and 4 illustrate the AFQT results from these comparisons. First, the findings
indicate that soldiers with higher AFQT scores were better able to defend all assets regard-
less of priority, as seen in the variation in predicted performance across AFQT categories.
Second, the findings show that lower quality 24Ts had more difficulty in simultaneously
defending multiple assets, as reflected in the wider variations in performance across AFQT
categories for the lower priority assets. In short, AFQT score is significant in improving self-
deiense (i.e., defending the ECS), and its importance increases for the protection of other as-
signed assets.

For example, for the mixed defense scenario, there is a marginally significant relation-
ship between AFQT score and ECS defense and a significant relationship between AFQT
score and the difference in hits sustained on the two assets (i.e., on the importance of AFQT
score for defense of the lower priority asset relative to the ECS). This pattern is replicated
for the point defense scenario, for which there is a statistically significant AFQT effect on
ECS defense and on the difference in hits sustained against the ECS and the second priority
asset. The relationship between AFQT score and the difference in hits against the ECS and
third priority asset is almost significant at the conventional level (i.e., p = .08).

Specifically, for the mixed defense scenario, presented in Figure 3, the predicted score in
ECS defense decreases from around 53 to about 45 as one moves from category II to category
IIIB, a difference of 8 points. There is a larger drop in asset defense for the second priority
asset, from roughly 57 to 37, a decrease of 20 points. The results for the point defense sce-
nario, presented in Figure 4, show a similar pattern of increasing change in predicted score
for the first (9 points), second (14 points), and third (17 points) priority assets as one moves
from category II to category IIIB.10 In other words, the AFQT effect is strong for ECS

9This variable was operationalized in the following manner. In the mixed defense scenario, there were two
assets, A2 and B2. From the number of hits against asset B2, which had a secondary priority, we subtracted the
number of hits against A2, the first priority (ECS) asset: DIFB2A2 = (DAMB2-DAMA2). Then, this variable was
standardized as a Z-score: ZDIFB2A2 = (Yi - mean)/stddev. In the point defense scenario there were three assets,
A3, D3, and E3. From the number of hits against asset E3, which had a secondary priority, we subtracted the
number of hits against A3, the first priority (ECS) asset: DIFE3A3 = DAM E3-DAM A31. Then, this variable was
standardized as a Z-score: ZDIFE3A3 = (Y: - mean)/stddev. Similarly, from the number of hits against asset D3,
which had third priority, we subtracted the number of hits against A3, the first priority (ECS) asset: DIFD3A3
(DAM D3-DA.M A3). Then, this variable was standardized as a Z-score: ZDIFD3A3 = (Yi - mean) stddev.

1 0 0ne could get the impression from Figures 3 and 4 that category I examinees defended the lower priority
assets better than the higher priority assets. This, however, is not the case. The figures compare the extent of
change by AFQT category around the average score of 50, not absolute performance. In the mixed defense scenario,
fwr ý.xample, the predicted number o h~its for category I examinees on the first priority asset is 1.34, or 33.4 percent
of the maximum attainable, whereas the predicted number of hits for category I examinees on the second priority
asset is 2.35, or 39.1 percent of the maximum attainable. Thus, when looked at as thc predicted number of hits on
the asset as a percentage of maximum possible, the results show that category I examinees defended the first
priority asset better than the second priority asset. Likewise, the percentages of maximum hits for category IV
examinees on the first and second priority assets are 43.7 percent and 60.3 percent, respectively, indicating that
they, too, defended the first priority asset better than the second priority asset. Note the wider range across AFQT
categories on the second priority asset; this is what is reflected in the numbers shown in Figure 3.
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defense and stronger still for the simultaneous defense of lower priority assets. This finding
strengthens the asset defense results presented earlier in this section, because it implies that
the effect of soldier quality on the defense of assets such as airfields, ammunition depots,
storage sites, and communication links (rather than self-defense of the ECS) is even larger

than that shown and because the defense of such assets is the reason for emplacement of the
Patriot battery.

Hostile Aircraft Killed in Accordance with Tactics

The outcome measure on hostile aircraft killed in accordance with tactics indicates the
number of such aircraft destroyed according to tactical standing operating procedures.1' The
results for the measure are shown in Table 9, which is similar in format to Table 8.

As was true for asset defense, the first column of the table reveals the pervasive effects
of soldier quality on performance. Again, the predicted change in score per AFQT category is
about 7 to 10 points, a pattern similar to that found for asset defense. The other major factor
in increasing tactically correct kills appears to be unit experience, which is significant in
three of the four scenarios and marginally significant in the other. This finding is not
surprising, since, as noted earlier, most of the tactics are taught after the student graduates
from AIT. Operator experience does not have an additional effect on this outcome measure,
suggesting that tactics are taught during the initial period of one's assignment to a unit.
This interpretation is given some additional support by the negative result for the Germany
station variable in the battalion scenario. In combination with the unit member effect, this
negative result indicates that whereas the performance of personnel stationed in Germany
was comparable to that of graduating AIT students, unit members at Fort Bliss had a higher
predicted level of tactically correct kills when acting as TDAs. The suggestion here again is
that tactics are taught soon after AIT, in a unit at Fort Bliss.12 In the case of battalion
operations, in which few soldiers would have the opportunity to act as TDAs, the information
conveyed may be forgotten as time progresses (and persons are shipped overseas). Finally,
regular simulation training for unit members shows a statistically significant effect in
increasing kills for two of the four scenarios. Again, this result is encouraging given the
probable lack of precision in the training measure. As was true for asset defense, we found
that an AFQT category is worth as much as or more than a year of operator experience or
frequent training in increasing kills. The readiness and cost implications of this result are
similar to those noted earlier for asset defense.

"lAs noted earlier, one might argue that the way in which a hostile aircraft is killed is of little significance.

However, this is not the case. Tactical procedures are established to minimize the potential engagement of friendly
aircraft and to ensure that missiles are not wasted because several fire units are engaging the same aircraft or
because of multiple or needless engagements by a given fire unit. Therefore, aircraft kills in violation of tactical
criteria can waste valuable resources and endanger the safety of friendly aircraft. We evaluated each engagement
according to seven tactical criteria: (1) netted errors, (2) time to last launch errors, (3) asset threat code errors, (4)
method of fire errors, (5) safe passage corridor errors, (6) slow speed target errors, and (7) flight path errors. (Each
of these criteria was explained in Section 3.) If an examinee committed any of these errors when engaging an
aircraft, the kill was deemed not in accordance with tactics. (Of course, it was not possible to commit each error in
every scenario or for every flight.)

1 2Although direct overseas assignments after AIT have increased, they were uncommon for the MOS 24T
soldier population under study.
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Table 9

Summary of Regression Results for Hostile Aircraft Killed
in Accordance with Tactics

(predicted change in tactically correct kills on scale of 0 to 100)

Factor

Simulation
AFQT Operator Unit Germany Training Day

Scenario Category Year Member Station Each Ten Days

Area defense 7.2** 4.8 12.3** 0.0 5.2**
(ZHIAWl)

Mixed defense 7.6** 2.4 22.7** -1.2 -2.0
(ZHIAW2)

Point defense 9.9** 4.8 10.3* -2.0 5.2**
(ZHIAW3)

Battalion 7.2** 4.4 17.7** -13.5** -0.8
(ZHIAW4)

NOTE: Single asterisk signifies a marginally significant factor (p < .10); double
asterisk signifies a statistically significant factor (p < .05).

Hostile Aircraft Killed in Accordance with Tactics by AFQT Category

Figure 5 illustrates the results for hostile aircraft killed in accordance with tactics for
the AFQT categories. As was true for asset defense, there is a large change in predicted
success in air battles as one moves across AFQT categories. For the mixed defense scenario,
the expected score on aircraft killed decreases by 13 points from category II to category IIIB;
for the point defense scenario, it decreases by 18. In other words, even if soldiers were
similar in operator experience, in whether they did or did not belong to a unit, in where they
were stationed, and in how much training they had received, AFQT level would make a
significant difference in their ability to kill enemy aircraft. A category II soldier would
outperform most of his fellow 24Ts, whereas a category IIIB soldier would be outperformed
by most of them. These results are highly consistent with the results found for asset defense,
which attests to the underlying importance of soldier quality in the air defense mission.

Missile Conservation

The missile conservation outcome measure is the reciprocal of the average number of
missiles required to destroy one hostile aircraft in accordance with tactics. The goal is a ratio
value of one. To compute the measure, we tabulated the total hostile aircraft killed in accor-
dance with tactics and the total missiles fired for a given scenario. We then divided the
number of tactically correct kills by the number of missiles used.13 The results of the multi-
variate regression performed on this measure are summarized in Table 10.

The overall pattern of results for missile conservation resembles that reported for hos-
tile aircraft killed in accordance with tactics. This outcome is understandable, since number

13 0ne of our tactical instructions required the use of two missiles per aircraft under certain limited
conditions. In such instances, we adjusted the number of missiles used in the formula to one firing to preserve the
goal of obtaining a one-to-one ratio.
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Table 10

Summary of Regression Results for Missile Conservation
(predicted change in missile conservation on scale of 0 to 100)

Factor

Simulation
AFQT Operator Unit Germany Training Day

Scenario Category Year Member Station Each Ten Days

Area defense 6.4"* 3.2 9.1 -0.8 3.6
(ZMSLCONI)

Mixed defense 4.8* 1.2 20.0** -5.2 -4.4"
(ZMSLCON2)

Point defense 6.0** 0.8 17.0* -6.8 1.6
(ZMSLCON3)

Battalion 0.4 -0.8 15.4"* -16.2* 0.0
(ZMSLCON4)

NOTE: Double asterisk signifies a statistically significant factor (p < .05).
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of tactically correct kills is one of the two components of this variable. Again, AFQT category
and unit membership show significant effects on success in the air battle. The predicted
change in score by AFQT category is about 5 to 6 points-a little lower than the effect seen
on asset defense and technically correct kills-and is statistically significant in three of the
four scenarios. (The somewhat smaller effects reflect greater comparability across AFQT
categories in the number of missiles fired than in the number of tactically correct kills.) The
predicted effect of unit membership again is large, reflecting the teaching of tactics after the

student graduates from AIT, and, again, there is a negative effect for Germany station in the
battalion scenario. Finally, the training variable shows a significant result in only one
scenario, and not in the expected direction; the basis for this result is not clear.

Missile Conservation by AFQT Category

Figure 6 illustrates the results for predicted missile conservation by AFQT category.
For the mixed defense scenario, the expected performance in missile conservation declines by
9 points as one moves from category II to category IIIB; for the point defense scenario, it de-
clines by 10. While these differences are not as dramatic as those reported for asset defense
and tactically correct kills, the AFQT effect is still substantial. For example, when converted
to the predicted number of missiles required for ten tactically correct kills, the impact of
AFQT score is clear. The model predicts that a category I soldier will fire 17.6 and 20.3
missiles to kill ten targets in the mixed and point defense scenarios, respectively. These
figures change to 19.8 and 24.1 missiles for a category IV soldier in the same scenarios, an
increase of 2.2 and 3.8 missiles. Given the difficulties of resupply in wartime and the cost of
each missile (approximately $570,000), this difference seems noteworthy.

Summary Measure of Primary Outcomes: Battlefield Survival

The summary measure of the primary outcomes, battlefield survival, assesses a soldier's
overall success in fighting the air battle at the battery level. It combines his performance in
asset defense, hostile kills in accordance with tactics, and missile conservation in the area,
mixed, and point defense scenarios into one score. To compute it, the Z-scores obtained by a
soldier on the three measures were combined for each scenario. The resulting score was then
standardized across soldiers so that its mean was 0 and the standard deviation was 1.
Finally, the resulting scenario score was summed across the three battery scenario.- for each
soldier, and the overall sum was converted to a Z-score. This procedure gives equal weight to
each measure and each scenario in determining the overall results. We excluded the
battalion scenario because we believe the TDA role differs in important ways from the TCA
role, as reflected in the difficulty most examinees experienced in this air battle.

The regression results for the overall measure are summarized in Table 11. The results
leave little doubt concerning the direct effect of soldier quality and unit training on battle-
field success. The AFQT category, operator experience, and unit member effects are all sta-
tistically significant, and the training effect is marginally significant. As before, the AFQT
result has readiness and cost implications, because the effect of increasing aptitude by one
AFQT category is estimated to be equal to or larger than that associated with a year of oper-
ator experience or regular simulation training in improving success in air battles. The
training result is encouraging nonetheless, given the imprecision of the measure. Overall,
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the results suggest that once tactics have been taught to a new unit member, his aptitude
(i.e., quality) has the most direct effect on his success in fighting an air battle. It appears to
take a considerable amount of experience and training to compensate for aptitude differ-
ences-experience and training that, if invested in soldiers of greater aptitude, could result
in even higher levels of performance.

Table 11

Summary of Regression Results for Battlefield Survival
(predicted change in battlefield survival on scale of 0 to 100)

Factor

Simulation
AFQT Operator Unit Germany Training Day

Measure Category Year Member Station Each Ten Days

Battlefield survival 11.9"* 6.8-- 15.8"* -1.2 4.4*
fPTACPROj

NOTE: Single asterisk signifies a marginally significant factor !p < 10, double asterisk
signifies a statistically significant factor ,p < .05).
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Battlefield Survival by AFQT Category

The results for predicted battlefield survival by AFQT category are illustrated in Figure
7. There is a large decrease in predicted score as one moves across AFQT categories: ex-
pected performance decreases by 22 points from category II to category IIIB. This decrease is
similar to the largest of the differences shown earlier. It clearly indicates that there is a ma-
jor improvement in performance on the primary air battle functions as soldier quality (i.e.,
AFQT score) increases.

Friendly Aircraft Killed

The number of friendly aircraft killed by examinees was very small: 0.0, 0.7, 0.6, and
0.0 in the area defense, mixed defense, point defense, and battalion scenarios, respectively.
As a result, virtually no significant effects were found for any of the predictor variables.
Specifically, there were only two significant relationships: operator experience had a signifi-
cant effect on reducing the number of friendly kills in the point defense scenario, and unit
experience significantly reduced the number of friendly kills in the area defense scenario.
We attribute the low number of kills at least in part to the limited number of electronic iden-
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tification problems built into the scenarios and to the fact that friendlies generally complied
with air space control procedures in their flight patterns. To the extent that these conditions
might differ in actiml combat, the results could change as well.

UNSTANDARDIZED OUTCOME MEASURE SCORES BY AFQT CATEGORY

The discussion to this point has concerned the effect of the predictor variables on stan-
dardized outcome measures. As noted, standardization allowed us to meaningfully compare
the effects of the predictor variables across different outcome measures and scenarios by giv-
ing us a way to deal with idiosyncratic differences in the air battle simulations. Standardiza-
tion thus permitted a more thorough consideration of the results. A consequence of standard-
ization, however, is that performance on raw outcome measures, such as the number of hits
sustained against protected assets or the number of enemy aircraft killed, is not readily ap-
parent. To illustrate the very substantial effect of AFQT score on the raw outcomes, we con-
clude this section with a brief review of soldier performance on such measures by AFQT cate-
gory. Specifically, Figures 8, 9, and 10 show the predicted effect of AFQT score on asset
damage, aircraft kills in accordance with tactics, and missile usage as determined by OLS
regressions using the established predictor variables and raw (unstandardized) outcome
scores. These three measures make up the summary measure of battlefield survival. As was
true for that summary measure, the results for the three battery scenarios were combined to
make them more amenable to generalization.

Total Asset Damage by AFQT Category

In examining asset defense by AFQT score, we observed that AFQT score had a signifi-
cant effect on the ability to defend assets in each battery level scenario. We here combine the
results for those three air battles and examine the effect of AFQT score on the number of hits
sustained against the ECS and any defended assets (DAMAGE in Appendix A). A hit is sim-
ply a sustaining of damage from a hostile aircraft (by bomb or missile).

As seen in Figure 8, AFQT score has a significant effect on this outcome measure, on
the order of a 5 to 10 percent difference in asset damage by AFQT category. Specifically, the
estimated number of enemy hits sustained by a category II soldier with average experience
and training is 11.2 (of 28 maximum). This number increases by about one hit per AFQT
category, to 13.2 hits for category 111B soldiers.

Total Tactically Correct Kills by AFQT Category

The effect of AFQT score on the number of hostile aircraft killed in accordance with tac-
tics (HIAW in Appendix A) is shown in Figure 9. Similar to the results for total asset dam-
age, the predicted number of tactically correct aircraft kills changes by 5 to 10 percent across
categories. Specifically, the estimated number of kills for a category II soldier is 50.7 (of 78).
This number decreases by about three aircraft per AFQT category, to 44.9 for soldiers in cat-
egory 111B.
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Missiles Used per Ten Hostile Kills

The results for the third primary outcome measure, ratio of missiles used per hostile
aircraft killed in accordance with tactics (MSLCONS in Appendix A), are illustrated in Fig-
ure 10. Again, AFQT score has a significant effect, in this case about 5 percent per category.
The regression predicts that a category II soldier with average experience and training will
fire about 20.8 missiles for every ten tactically correct kills. Predicted missile usage in-
creases by about one missile per category, to 22.7 for category IIIB soldiers.
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5. RESULTS FOR SUPPORTING MEASURES

Patriot operators must perform numerous individual tasks and make numerous judg-
ments that collectively result in the battlefield outcomes assessed by our primary measures
(e.g., asset damage and hostile aircraft kills). Some of these tasks and judgments are more
tactical in nature, such as using the appropriate method of fire and complying with require-
ments for engaging aircraft representing specified types of threats. Others are more directly
concerned with technical ability, such as console setup, engagement of battalion-specified
targets, and execution of IFF code bank changes. In this section, we present results for key
tasks and judgments that contribute to success on our primary measures. We begin with a
brief review of these supporting measures, which are defined more fully in Section 3.

The three tactical supporting measures evaluated were as follows:

1. Tactical correctness of engagements: There are various tactical procedures with
which operators must comply while engaging aircraft. Each engagement was eval-
uated according to the following criteria, which were developed for the purpose of
the test:1

a. Netted error-engaging an aircraft without authorization while in the central-
ized mode of operation.

b. Method of fire error-improper (in number and/or timing) missile firing given
specified tactics, flight size (number of aircraft), and type of threat.

c. TLL error-firing at an aircraft too far away.
d. Asset threat code error-engaging an aircraft not threatening defended assets.
e. Safe passage corridor error-engaging an aircraft in a safe passage corridor.
f. Crossing and outbound error-engaging a crossing or outbound aircraft not

posing a specified type of threat or in violation of missile conservation orders.
g. Slow speed error-engaging a slow speed target not threatening the ECS or too

far away.

2. Success in manual identification procedures: Success in identifying five hostile air-
craft flying in a compromised safe passage corridor.

3. Tactical Standing Operating Procedures (TSOP) written exam: Score on the
written tactics test.

The five technical measures evaluated were as follows:

1. Execution of IFF code change: Timely and correct entry of newly specified IFF code
information.

2. Execution of engaCement, cease fire, and hold fire commands: Compliance with
orders to engage, cease fire, or hold fire on specific aircraft during centralized
operation.

3. Console status: Compliance with instructions for console setup (final check).

11t is not always possible to commit all of these errors on one engagement.

42
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4. Launching station c'atus: Compliance with instructions for launching station setup
(final check).

5. Initialization written test: Score on the written initialization test.

Because the Air Defense School wanted to summarize the supporting measure results
according to their implications for tactical and technical proficiency, we converted the results
for individual supporting measures to Z-scores (to give them equal weight) and added them
together. The resulting summary measures, which were converted to Z-scores and combined
for the three battery level scenarios, were as follows:

1. Tactical proficiency: Compliance with individual tactical criteria during the air
battles, including netted, method of fire, TLL, and asset threat code criteria and
manual identification success. 2

2. Technical proficiency: Performance in setting up the console and launchers,
complying with engagement commands, and executing the IFF code bank change,
and score on the written initialization test. 3

MEAN, MINIMUM, AND MAXIMUM SCORES

Summary statistics for the supporting output measures are presented in Table 12.4

Generally, unit members performed at a higher level of proficiency than AIT students, as was
true for the primary outcome measures (see Section 4). However, not all of the differences
are statistically significant, and, as was true for the primary measures, most of the variation
in performance occurs across individuals, rather than between AIT students and unit
members.

5

Overall, performance levels were higher on the tactical measures than on the technical
measures. For example, the percentage correct on most of the tactical measures is in the 70
to 80 percent range; on the technical measures, the range is about 50 to 75 percent for most
measures. The regression results (see below) help to explain this difference. The scores on
two of the tactical measures (manual identifications and TSOP written test) and two of the
technical measures (1FF code change and initialization written test) are substantially lower
than the rest of the scores in each group. The written tests were specifically designed to pro-
duce a mean score of about 50 percent correct (to improve the measurement of individual
performance differences), so the lower scores on the written tests do not indicate poorer
performance relative to other measures. However, the IFF procedures and, especially, the

2 We used the error rate per engagement. Safe passage corridor, slow speed target, and flight path errors were
excluded because of their infrequent occurrence, which made it difficult to reliably estimate their relationship to
other variables and also argued against weighting them equally with the other measures. The written tactics test
score was excluded because the test was taken only by unit members.

3 Compliance with cease and hold fire orders was excluded because of their infrequent occurrence, which made
it difficult to reliably estimate their relationship to other variables and also argued against weighting them equally
with the other measures.

4 Results for the indices excluded from the summary measures can be found in Appendix A. The percentage
for authorized engagements was derived by dividing the number of netted errors committed by 12 (the maximum
possible), subtracting this proportion from one, and converting the result to a percentage figure.

5 We discuss this issue in more detail below, under Regression Results.
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Table 12

Mean, Minimum, and Maximum Scores for Supporting Measures'
(in percent correct)

AIT Students Unit Members

Measure Mean Min Max Mean Min Max

Tactical Measures
Authorized engagements 65.0 16.7 100.0 75.0 0.0 100.0

(netted errors)
Manual identifications 33.4 0.0 100.0 30.0 0.0 80.0
Method of fire 79.7 53.8 92.5 80.9 53.1 94.1
Time to last launch 81.3 48.9 100.0 87.3 48.5 100.0
Asset threat code 75.8 37.7 100.0 82.1 36.7 100.0
TSOP written test - - - 53.2 4.0 92.0

Technical Measures
IFF code bank change 30.3 0.0 100.0 59.5 0.0 100.0
Engagement compliance 47.4 0.0 100.0 67.7 0.0 100.0
Console setup 58.3 0.0 100.0 67.2 0.0 100.0
Launcher setup 77.1 0.0 100.0 77.7 0.0 100.0
Initialization written test 43.1 20.0 64.0 53.8 20.0 96.0

aReading down, the standard deviations for the AIT student means are 22.6, 23.6,
6.2, 12.7, 15.9, 46.2, 36.5, 34.2, 26.7, and 9.5; and for the unit member means, 23.2,
23.9, 6.8, 10.1, 13.9, 19.1, 49.2, 35.0, 31.3, 30.1, and 15.9. The number of cases varied
slightly but was generally about 92 for AIT student measures and 215 for unit
member measures. There is little evidence of heteroscedasticity; only the time to last
launch and initialization written test measures produced statistically different
standard deviations for AIT students and unit members.

identification procedures may have been more difficult, contributing to the lower scores. It is
also likely that the lower scores on these tasks can be attributed to the fact that the tasks
had to be performed while (i.e., in addition to) fighting the air battle.

REGRESSION RESULTS

Table 13 summarizes the results of our regression analyses for the individual and sum-
mary supporting measures. The supporting measures listed were converted to Z-scores, as
was done for the primary output measures, an, then scaled so that a higher number implies
better performance than a lower number. OvEr the various measures, we obtained signifi-
cant effects for each of the factors in the regression model. As was true for the primary air
battle outcomes, we found that AFQT score showed a greater number of significant effects on
performance than any other predictor variable. The next most dominant variable was op-
erator experience. This pattern was particularly true for the technical measures. For sev-
eral tactical measures, unit membership also appears to have large effects on performance.
These results are discussed more fully below. We note here, however, that these results are
not simply restatements of the earlier results for the battlefield survival measures. With the
exception of the pairing of tactical proficiency and battlefield survival, which shows a correla-
tion of .86, the correlations among the survival, tactical, technical, initialization, and TSOP
measures range from .24 to .55. (The correlations are shown in Appendix A.)
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Table 13

Summary of Regression Results for Supporting Measures
(predicted change in score on scale of 0 to 100)

Factor

Simulation
AFQT Operator Unit Germany Training Day

Measure Category Year Member Station Each Ten Days

Tactical Measures
Authorized engagements 3.6 8.0** 7.6 5.2 1.6

(ZNETER1)
Manual identifications 5.6** 5.6 -4.4 -12.7*0 2.8

(ZMANALID)
Method of fire (ZMOF1,2,3) 8.8** 6.4** 0.4 1.2 0.8
Time to last launch (ZTLL1,2,3) 6.0** 2.8 15.4** -4.4 3.2
Asset threat code (ZATC3RAT) 0.8 -1.6 20.4** -6.8 1.6
TSOP written test (ZTPERCOR) 7.2*0 27.7** - -4.8 1.2
Tactical summary measure 9.5** 6.4** 17.7 * -6.0 2.8

(STACPRO)

Technical Measures
IFF code bank change (ZIFFCO3) 7.6*0 16.2** 8.8 4.0 0.8
Engagement compliance 4.8** 7.2** 11.5*0 2.8 5.2*

(ZCOMPLY1)
Console setup (ZCON110) 4.8* 8.0** 2.8 4.4 0.0
Launcher setup (ZLNCH110) 9.1"* -1.6 0.0 0.0 2.8
Initialization written test 11.9"* 19.0"* 2.4 13.9"* 6.0**

(ZIPERCOR)
Tc zhnical summary measure 11.1** 11.5"* 2.4 13.1* 2.8

(TEKPROF)

NOTE: Single asterisk signifies a marginally significant factor (p < .10); double asterisk signifies a
statistically significant factor (p < .05).

Tactical Measures

AFQT score showed statistically significant effects on four of the six individual tactical
measures and on the tactical summary measure. An increase of one AFQT category resulted

in a 5 to 10 point increase in performance on these supporting measures, a result similar to
that seen for the primary air battle outcomes. Operator experience and unit membership
also were important. Generally, a year of operator experience had almost as much effect on
performance as an increase of one AFQT category. In the case of tactical knowledge (TSOP
test), the effect of operator experience was very large. Unit members showed far superior
performance to AIT students on two of the tactical engagement criteria: time to last launch
and asset threat code. This effect is visible in the summary measure (and is reflected in the
post-AIT improvement in tactically correct kills discussed in Section 4), because time to last
launch and asset threat code errors are central components of this measure. It appears that
these particular elements of tactics are taught soon after AIT, upon arrival in one's unit. The
remaining tactical elements appear to be learned more gradually. Finally, the 24Ts in Ger-
many had less success in making manual identifications; the explanation for this result is
unclear.
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Technical Measures

Just as it did for the tactical supporting measures, AFQT score exercised a strong effect
on the technical supporting measures, showing a significant or nearly significant effect on
each one. Again, increasing AFQT score by one category typically improved performance by
about 5 to 10 points.6 For the technical measures, however, operator experience increased
somewhat in importance relative to AFQT score and unit membership. A year of operator
experience was associated with a change in outcome equal to or larger than that associated
with an increase of one AFQT category (a result not obtained for other measures). The
findings suggest that the technical tasks are learned through practice, whereas (some of) the
tactical criteria represent concepts that can be conveyed upon arrival in the unit. 7

Finally, the other predictor variables were found to have significant effects on some of
the technical supporting measures. Most notably, frequent simulation training appears to
improve compliance with engagement orders and knowledge of initialization procedures. Ini-
tialization also appears to be stressed after assignment overseas.

Supporting Output Measures by AFQT Category

The predicted results at the AFQT category midpoints for the tactical and technical
summary measures and for the TSOP written test are illustrated in Figure 11. As was true
for the primary measures, there is a large decrease in expected performance as one moves
across AFQT categories; expected performance again decreases by about 5 to 10 points per
category. The results are highly similar for the two air battle measures and the written test.

Implications for Training

Unlike the primary outcome measures, which reflect numerous simultaneous actions,
the supporting outcome measures represent discrete tasks. As a consequence, implications
for training may be extracted more directly. Tables 12 and 13 provide error rate information

6The IFF code bank change outcome measure is dichotomous. For such variables, use of OLS regression can
result in predicted probabilities of success that are above 1 or below 0. For this reason, probit or logistic analyses
often are used instead. However, use of OLS regression has little influence on the effects of primary interest in our
analysis: the significance levels and comparative effects of the predictor variables remain (essentially) unchanged,
and the predicted differences across AFQT categories also are comparable. For example, the predicted probability of
success on the IFF measure across the AFQT categories declines by 36 points from category I to category IV using
OLS regression and by 39 points using probit analysis, Thus, the per-category change and associated score
differences are highly similar for the two approaches. Given this similarity and the greater ease of obtaining and
interpreting predicted results using OLS, we used this procedure throughout.

7We found that operator experience played a particularly important role in improving performance on
technically oriented tasks. We believe that the improvement stems from the fact that these tasks require frequent
practice to develop greater proficiency. It is possible, however, that certain soldiers are selected to become operators
because they possess certain skills or characteristics. We tested for this possibility by introducing the separate
aptitude composite scores (e.g., CO, EL, MM, etc.) into our basic model. If there is some fundamental dimension
along which operator skill characteristics can be captured, introduction of the composites should diminish the effect
of operator experience by absorbing its portion of the explained variance. We examined this effect for 12 separate
outcomes-all of the fire battery asset defense, hostile aircraft killed, and missile conservation measures, and
battlefield survival, tactical proficiency, and technical proficiency. We found that the effect of operator experience
increased in eight models and decreased in four. With one exception, all operator coefficients that were significant
in the standard models were also significant in the models in which the composites were included. Therefore, even
though the results of this procedure are not conclusive, they strongly suggest that operator experience does
contribute to improved performance.
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Fig. 11-Predicted Variation in Proficiency Level by AFQT Category

that should be useful in this regard; we briefly review and comment on that information
here.

As noted, technical proficiency was lower than tactical proficiency. The results shown
in Tables 12 and 13 suggest that more experience (i.e., practice) is required to improve tech-
nical skills, and they further suggest that simulation training may be helpful in accomplish-
ing this goal, at least for some of the measures. Particular attention might be given to tab
changes such as the IFF code change. Moreover, to the extent that performance on this mea-
sure suffered because examinees were simultaneously required to fight the air battle, it
might be fruitful to focus on multiple-task training. Indeed, just as was the case for defend-
ing multiple assets, the AFQT effect in improving IFF code change performance may be
partly attributable to the need to simultaneously perform multiple tasks.

With respect to tactics, it appears that certain concepts, such as waiting until an air-
craft is close before firing (TLL) or matching the type of threat requiring engagement with
the type of air defense mission, can be readily taught after AIT. Other concepts, such as
proper use of multiple methods of fire or specific tactical nuances, may require more experi-
ence before they become second nature to an operator. Manual aircraft identification proce-
dures in particular may require special emphasis. Normally, the system makes identifica-
tions automatically, and it is the 14E officer's job to verify them. Thus, it is possible that this
task might not only be more difficult, but also may be subject to skill decay because of limited
practice. Finally, here too, the results suggest that training in simultaneous performance of
multiple tasks might be.beneficial.



6. CONCLUSIONS

The impetus for this research was a congressional desire to empirically ascertain the
extent of linkage between soldier quality and soldier performance on wartime outcome mea-
sures. At the heart of this question lies the issue of whether the additional resources re-
quired to recruit high quality youth translate into superior performance of wartime missions.
The military's arsenal of sophisticated weapon and support systems offers great potential for
combat effectiveness. However, realization of this potential depends on the quality of the
Army's people and the training opportunities they receive. In recent years, the Army has en-
joyed unprecedented levels of quality among its recruits and increased levels of experience
and training among its more senior personnel. But growing constraints on the defense
budget are likely to limit the Army's future ability to sec',,re the number of high quality
recruits to which it has become accustomed and to maintain its current level of training
resources. As decisionmakers apply increasing levels of scrutiny to the defense budget, the
need to examine resource allocations in terms of combat effectiveness and the related cost
implications becomes increasingly important.

This report addresses the relationship between soldier quality and combat performance.
The analysis we conducted to assess this relationship concentrated on the performance of
junior (grades El to E5) MOS 24T soldiers on wartime-related outcomes for the Patriot
missile system, the most modern air defense system in the Army's inventory. Additional
supporting measures evaluated included compliance with and knowledge of tactics, and
compliance with and knowledge of technical procedures. We modeled the effects of various
soldier characteristics (e.g., aptitude score, training history, and assi ;nments in Patriot jobs)
on these performance measures.

The results of our analysis provide strong evidence that soldier quality, as assessed by
AFQT score, has a direct and consistent effect on air battle outcomes, i.e., on the combat
performance of MOS 24T personnel. The number of significant effects found for AFQT score
surpasses the number of significant effects found for the other variables in the analysis.
Moreover, the AFQT score effects were found consistently for the various aspects of the 24T's
battery level mission-asset defense, engagement of hostile aircraft, missile conservation,
tactical proficiency, technical proficiency, and knowledge of proper tactical and initialization
procedures.

In general, we found a 5 to 10 percent difference in performance between adjacent
AFQT categories. Thus, for example, if a category IIIA soldier is used instead of a category
IIIB, or a category II soldier instead of a category IIIA, the anticipated increase in asset
protection or destruction of enemy aircraft is on the order of 5 to 10 percent, both in absolute
terms and relative to the performance of other soldiers. We also found substantial tradeoffs
between AFQT and both operator experience and training days: an increase of one AFQT
category equals or surpasses the effect of a year of operator experience or of frequent train-
ing. This finding carries readiness and cost implications, because it suggests that higher
quality soldiers require less training and operator experience to perform at the same level as
lower quality soldiers. Moreover, if higher quality soldiers were used and it were possible to
apply some of the resultant resource savings to increase their experience or training, the
result would be even better performance.
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Unit membership was also very important and was second only to AFQT in its
consistent ability to affect performance. It especially affected tactical performance, the
reason being that tactics are taught in the units, upon graduation from AIT. We also found
that operator experience had significant effects, particularly on success in asset defense.
Finally, despite the limitations of our training measure, we found some evidence that
significant effects can be gained from unit training consisting of practice using simulations
such as the Troop Proficiency Trainer and the Live Air Trainer. These results are
encouraging in that they link simulation training to wartime outcomes. Together, the
operator, unit, and simulation effects lend support to the efficacy of unit training.

Our findings are especially salient in an environment of constrained resources. The re-
sults suggest that the increase in job performance and efficiency displayed by high quality
soldiers produces an increase in resource savings that exceeds the concomitant cost increase
associated with recruiting high quality soldiers. For example, recent work suggests that it
costs about $4500 more to recruit a high quality soldier than a low quality soldier.1 However,
a corresponding savings in potential resource losses and related stockage costs is realized
because of the high quality soldier's more proficient job performance.

This tradeoff between recruitment costs and resource savings can be illustrated by ex-
amining missile conservation. 2 For example, the combined results for the three battery sce-
narios (area defense, mixed defense, and point defense-see Figure 10) lead us to expect a
category I through IIIA soldier to fire 21 missiles to destroy ten hostile aircraft in accordance
with tactics. A low aptitude soldier would be expected to fire just over 23 missiles to kill the
same number of aircraft. Since one Patriot missile costs approximately $570,000, the lower
quality soldier expends over $1.1 million more than the higher quality soldier for each ten
aircraft. Moreover, the data suggest that the additional training and experience required to
bring the low quality soldier to the same level as the high quality soldier represent not only
substantial real costs, but significant opportunity costs as well. Were the high quality soldier
provided with a similar amount of augmented training and experience, he would perform at
even higher levels-i.e., the performance gap between him and the lower quality soldier
would remain. A corresponding analysis conducted for asset defense using the replacement
cost of destroyed assets (see Appendix B) had much the same result. While it must be
remembered that such analyses are intended to be illustrative of wartime requirements (they
do not, for example, deal with the possibility that some 24T operators might not be used as
such in actual combat), the difference between projected savings and recruitment costs is
sufficiently large to make the implications of the results clear.

1This figure is based on work described in Polich, Dertouzos, and Press, 1986; and in Dertouzos et al., 1989.
2 Refer to Appendix B for a more complete explanation of how these figures were determined.



Appendix A

SUPPLEMENTARY TABLES

This appendix provides a glossary of variable names (Table A. 1); the means, minimum
values, maximum values, and standard deviations of the predictor and outcome variables
used in the analyses (Table A.2); the correlations among the predictor and outcome variables
(Table A.3); reliability (alpha) coefficients for the summary measures (Table A.4); and the re-
gression analyses on which the results reported in the main text are based (Table A.5). The
coefficients in Table A.5 indicate the predicted change on the specified outcome measure for a
change of one AFQT percentile point, one month of operator experience, having progressed
past AIT into a unit, each training day in the preceding 6 months, and being stationed in
Germany as compared to CONUS (Fort Bliss). For unit members in Germany, the total
difference in predicted performance as compared to that for graduating AIT students is
represented by the sum of the unit and location coefficients; for unit members at Fort Bliss, it
is simply the unit coefficient. Finally, for battalion scenario measures, the TDAMAINT
coefficient indicates the effect of current TDA assignment for the small number of persons
reporting same. This variable showed no significant results and thus was not reflected in the
summary tables in the main text.
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Table A.1

Glossary of Variables

VARIABLE LABEL
ZDAMAGEi ASSET PROTECTION. SCENARIO I

ZDAMAGE2 ASSET PROTECTION, SCENAR IO 2

ZDAMAGE3 ASSET PROTECTION, SCENARIO 3

ZDAMAGE4 ASSET PROTECTION. SCENARIO 4

ZDAMA2 ASSET PROTECTION. ASSET A. SCENARIO 2

ZDAM_B2 ASSET PROTECTION. ASSET B, SCENARIO 2

ZDAMA3 ASSET PROTECTION. ASSET A. SCENARIO 3

ZDAMD3 ASSET PROTECTION. ASSET D. SCENARIO 3

ZDAME3 ASSET PROTECTION, ASSET E. SCENARIO 3

ZDAMA4 ASSET PROTECTION, ASSET A. SCENARIO 4

ZDAM_B4 ASSET PROTECTION, ASSET B. SCENARIO 4

ZDAMC4 ASSET PROTECTION. ASSET C. SCENARIO 4

ZDAM_D4 ASSET PROTECTION, ASSET D. SCENARIO 4

ZDAME4 ASSET PROTECTION, ASSET E, SCENARIO 4

ZDIFB2A2 DIFFERENCE IN ASSET PROTECTION, ASSETS A & B. SCENARIO 2

ZDIFD3A3 DIFFERENCE IN ASSET PROTECTION. ASSETS A & D. SCENARIO 3

ZDIFE3A3 DIFFERENCE IN ASSET PROTECTION, ASSETS A & E, SCENARIO 3

ZDIFD3E3 DIFFERENCE IN ASSET PROTECTION. ASSETS D & E, SCENARIO 3

ZIIOKILLI HOSTILE AIRCRAFT KILLED, SCENARIO I
ZtIOKILL2 HOSTILE AIRCRAFT KILLED. SCENARIO 2

ZiIOKILL3 HOSTILE AIRCRAFT KILLED. SCENARIO 3

ZIIOKILL4 HOSTILE AIRCRAFT KILLED. SCENARIO 4

ZHIAWI HOSTILE AIRCRAFT KILLED (lAW TACTICS). SCENARIO 1

ZHIAW2 HOSTILE AIRCRAFT KILLED (IAW TACTICS). SCENARIO 2

ZtIAW3 HOSTILE AIRCRAFT KILLED (IAW TACTICS). SCENARIO 3

Z7IAW4 HOSTILE AIRCRAFT KILLED (IAW TACTICS), SCENARIO 4

ZFRKILLI FRIENDLY AIRCRAFT KILLED. SCENARIO I

ZFRKILL2 FRIENDLY AIRCRAFT KILLED, SCENARIO 2

ZFRKILL3 FRIENDLY AIRCRAFT KILLED. SCENARIO 3

ZFRKILL4 FRIENDLY AIRCRAFT KILLED. SCENARIO 4

ZMSLCONSI MISSILES PER HOSTILE AIRCRAFT KILLED (IAW TACTICS), SCENARIO I
ZMSLCONS2 MISSILES PER HOSTILE AIRCRAFT KILLED (lAW TACTICS). SCENARIO 2

ZMSLCONS3 MISSILES PER HOSTILE AIRCRAFT KILLED (lAW TACTICS). SCENARIO 3

ZMSLCONS4 MISSILES PER HOSTILE AIRCRAFT KILLED (lAW TACTICS). SCENARIO 4

ZIPERCOR INITIALIZATION WRITTEN TEST. PERCENT CORRECT

ZTPERCOR TACTICAL SOP WRITI'EN TEST, PIERCENT CORRECT

ZNETER I NETTED ERRORS. SCENARIO I

ZMANUALID MANUAL IDENTIFICATIONS, SCENARIO 3

ZCOMPLY1 ENGAGEMENT COMPLIANCE. SCENARIO I

ZCOMPI.Y4 ENGAGEMENT COMPLIANCE. SCENARIO 4

ZCONSL80 CONSOLE SETUP AT 80 SECONDS, SCENARIOS 1.2,3:(AVG)

ZCONSLI10 CONSOLE SETUP AT 110 SECONDS, SCENARIOS 1,2,3:(AVG)

ZLNCH80 LAUNCHER SETUP AT 80 SECONDS. SCENARIOS 1,2,3:(AVG)
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Table A. 1--continued

VARIABLE LABEL
ZLNCIII10 LAUNCHER SETUP AT 110 SECGNDS. SCENARIOS 1,2.3:(AVG)

ZIFFCO3 CODEBANK B CHANGE, SCENARIO 3

ZHFR4 HOLD FIRE, SCENARIO 4

ZSCFR4 CEASE FIRE. SCENARIO 4

ZALrr1 AUTONOMOUS. SCENARIO I

ZFRND3 FRIENDLY PROTECT & ENABLE, SCENARIO 3

ZCONSOLAI CONSOLE SETUP AT 80 SECONDS. SCENARIO I

ZCONSOLBI CONSOLE SETUP AT 110 SECONDS. SCENARIO I

ZCONSOLA2 CONSOLE SETUP AT 80 SECONDS. SCENARIO 2

ZCONSOLB2 CONSOLE SETUP AT 110 SECONDS. SCENARIO 2

ZCONSOLA3 CONSOLE SETUP AT 80 SECONDS. SCENARIO 3

ZCONSOLB3 CONSOLE SETUP AT 110 SECONDS. SCENARIO 3

ZLNCHAI LAUNCHER SETUP AT 80 SECONDS. SCENARIO I

ZLNCIIBI LAUNCHER SETUP AT 110 SECONDS. SCENARIO I

ZLNCHA2 LAUNCHER SETUP AT S0 SECONDS. SCENARIO 2

ZLNCHB2 LAUNCHER SETUP AT 110 SECONDS. SCENARIO 2

ZLNCH3 LAUNCHER SETUP. SCENARIO 3

ZMOFI RATE ERROR TO ENGAGEMENT PERCENTAGE. METHOD OF FIRE. SCENARIO I

ZMOF2RATE ERROR TO ENGAGEMENT PERCENTAGE. METHOD OF FIRE. SCENARIO 2

ZMOF3RATE ERROR TO ENGAGEMENT PERCENTAGE, METHOD OF FIRE. SCENARIO 3

ZMOF4RATE ERROR TO ENGAGEMENT P:RCENTAGE. METHOD OF FIRE. SCENARIO 4

ZMOFI23 ERROR TO ENGAGEMENT PERCENTAGE. METIIOD OF FIRE. SCENARIOS 1.2.3

ZTLLIRATE ERROR TO ENGAGEMENT PERCENTAGE. TIME TO LAST LAUNCH, SCENARIO I

ZTLL2RATE ERROR TO ENGAGEMENT PERCENTAGE. TIME TO LAST LAUNCH, SCENARIO 2

ZTIhL3RATE ERROR TO ENGAGEMENT PERCENTAGE, TIME TO LAST LAUNCH. SCENARIO 3

ZTLJ4ARATE ERROR TO ENGAGEMENT PERCENTAGE. TIME TO LAST LAUNCH. SCENARIO 4

ZTLL 123 ERROR TO ENGAGEMENT PERCENTAGE. TIME TO LAST LAUNCH. SCENARIOS 1,2,3

ZFLTIRATE ERROR TO ENGAGEMENT PERCENTAGE. FLIGHT DIRECTION, SCENARIO 1

ZFLT'2RATE ERROR TO ENGAGEMENT PERCENTAGE. FLIGHT DIRECTION, SCENARIO 2

ZATC3RATE ERROR TO ENGAGEMENT PERCENTAGE. ASSET THREAT CODE, SCENARIO 3

7ATC4RATE ERROR TO ENGAGEMENT PERCENTAGE. ASSET THREAT CODE. SCENARIO 4

ZSLOIRATE ERROR TO ENGAGEMENT PERCENTAGE. SLOW SPEED TARGETS, SCENARIO I

ZSLO2RATE ERROR TO ENGAGEMENT PERCENTAGE. SLOW SPEED TARGETS, SCENARIO 2

ZSLO3RATE ERROR TO ENGAGEMENT PERCENTAGE. SLOW SPEED TARGETS. SCENARIO 3

ZSLO4RATE ERROR TO ENGAGEMENT PERCENTAGE. SLOW SPEED TARGETS, SCENARIO 4

ZSPCIRATE ERROR TO ENGAGEMENT PERCENTAGE. SAFE PASSAGE CORRIDOR TARGETS, SCENARIO I

ZSPC2RATE ERROR TO ENGAGEMENT PERCENTAGE, SAFE PASSAGE CORRIDOR TARGETS, SCENARIO 2

ZSPC3RATE ERROR TO ENGAGEMENT PERCENTAGE, SAFE PASSAGE CORRIDOR TARGETS. SCENARIO 3

ZSPC4RATE ERROR TO ENGAGEMENT PERCENTAGE. SAFE PASSAGE CORRIDOR TARGETS. SCENARIO 4

DAMAGE (Unstanaidizod) TOTAL DAMAGE. SCENARIOS 1.2.3

IIIAW (Unstandardizod) TOTAL HOSTILE AIRCRAFT KILLED (lAW TACTICS) SCENARIOS 1,2,3

MSLCONS (Unstandardized) MISSILES PER HOSTILE AIRCRAFT KILLED (lAW TACTICS), SCENARIOS 1.2.3

PTACPRO SUMMARY MEASURE. BATTLEFIELD SURVIVAL

STACPRO SUMMARY MEASURE. TACTICAL PROFICIENCY

TEKPROF SUMMARY MEASURE. TECHNICAL PROFICIENCY
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Table A.2

Summary Statistics

VARIABLB LABEL bAX SII V MW MAX N

AFQT_PER AFQT PERCENTILE 63.95 19.51 10 99 294

OPERMON TOTAL MONTHS AS OPERATOR 5.76 9.75 0 46 302

UNITMEM ArT OR UNIT MEMBER (0,1) 0.69 0.46 0 1 315

TRAINDAY TRAINING DAYS IN THE PREVIOUS 6 MONTHS 9.74 19.90 0 114 305

LOCATION FRG LOCATION (0.1) 0.40 0.49 0 1 315

TDAMAINT TDA/MAINT AS LAST OR CURRENT JOB (0,1) 0.05 0.23 0 1 315

DAMAGEI TIMES AN ASSET WAS DAMAGED, SCENARIO 1 1.37 0.97 0 5 304

DAMAGE2 TIMES AN ASSET WAS DAMAGED, SCENARIO 2 4.39 1.79 0 9 310

DAMAGE3 TIMES AN ASSET WAS DAMAGED, SCENARIO 3 6.15 2.05 2 12 301

DAMAGE4 TIMES AN ASSET WAS DAMAGED. SCENARIO 4 14.98 3.96 5 23 296

ZDAMAGEI (Swddizm.d) ASSET PROTECTION, SCENARIO 1 -0.0 1.0 -3.7 1.4 304

ZDAMAGE2 (Standudized) ASSET PROTECTION, SCENARIO 2 0.0 1.0 -2.6 2.5 310

ZDAMAGE3 (Standardized) ASSET PROTECTION, SCENARIO 3 0.0 1.0 -2.9 2.0 301

ZDAMAGE4 (Swaxdardizad) ASSET PROTECTION, SCENARIO 4 -0.0 1.0 -2.0 2.5 296

DAM_A2 TIMES ASSET A DAMAGED. SCENARIO 2 1.51 1.06 0 4 310

DAM_B2 TIMES ASSET B DAMAGED, SCENARIO 2 2.88 1.25 0 6 310

DAM_A3 TIMES ASSET A DAMAGED, SCENARIO 3 1.41 0.66 0 3 301

DAMD3 TIMES ASSET D DAMAGED, SCENARIO 3 0.65 0.77 0 3 301

DAM_E3 TIMES ASSET E DAMAGED. SCENARIO 3 4.09 1.28 1 7 301

DAMA4 TIMES ASSET A DAMAGED. SCENARIO 4 1.80 0.73 0 3 296

DAMB4 TIMES ASSET B DAMAGED, SCENARIO 4 1.51 0.62 0 2 296

DAMC4 TIMES ASSET C DAMAGED, SCENARIO 4 2.18 1.0O 0 4 296

DAMD4 TIMES ASSET D DAMAGED, SCENARIO 4 4.74 1.76 0 8 296
DAM_.EA TIMES ASSET E DAMAGED, SCENARIO 4 4.75 0.97 1 6 296

ZDIFB2A2 ASSET PROTECTION BY ASSET PRIORITY,

ASSETS A A B, SCENARIO 2 0.0 1.0 -2.3 3.1 310

ZDIFD3A3 ASSET PROTECTION BY ASSET PRIORITY,

ASSETS A A D, SCENARIO 3 0.0 1.0 -2.7 3.3 301

ZDIFE3A3 ASSET PROTECTION BY ASSET PRIORITY,

ASSETS A A E, SCENARIO 3 0.0 1.0 -3.0 2.7 301

ZDIFD3E3 ASSET PROTECTION BY ASSET PRIORITY.

ASSETS D A I, SCENARIO 3 0.0 1.0 -2.8 2.7 301

llOKU.L1 HOSTILE AIRCRAFT KILLED, SCENARIO 1 20.06 3.64 8 31 305

HOKELL2 HOSTILE AIRCRAFT KILLED, SCENARIO 2 27.75 2.72 18 32 308

HOKILL3 HOSTILE AIRCRAFT KILLED, SCENARIO 3 41.40 6.65 20 55 301
HOKILL4 HOSTILE AIRCRAFT KILLED, SCENARIO 4 37.07 8.33 4 59 295

HIAW! HOSTILE AIRCRAFT KILLED (IAW TACTICS),

SCENARIO 1 3.30 3.30 1 16 305

HIAW2 HOSTILE AIRCRAFT KILLED (IAW TACTICS),

SCENARIO 2 17.13 3.83 3 25 306

HIAW3 HOSTILE AIRCRAFT KILLED (JAW TACTICS).

SCENARIO 3 23.05 6.61 5 37 301
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Table A.2--continued

VARIABLE 'ARM lEAN STDCEV MIN MAX N

HIAW4 HOSTILE AIRCRAFT KILLED (IAW TACTICS).

SCENARIO 4 11.03 4.73 0 21 295

ZIUAWI (Suwdurmdi) HOSTILE AIRCRAFT KILLED (IAW TACTICS).

SCENARIO 1 0.0 1.0 -2.2 2.3 305

ZHLAW2 (Sumdmvdi~d) HOSTILE AIRCRAFT KILLED (LAW TACTIS),

SCENARIO 2 -0.0 1.0 -3.7 2.1 303

ZHIAW3 (Stadmdi.ed) HOSTILE AJRC(LAr KILLED (1AW TACTICS),

SCENARIO 3 0.0 1.0 -2.7 2.1 301

ZHIAW4 (Sdwdmd) HOSTILE AIRCRAFT KILLED (IAW TACTICS).

SCENARIO 4 -0.0 1.0 -2-3 2.1 295

FRKILLI FRIENDLY AIRCRAFT KILLED. SCENARIO 1 0.02 0.17 0 2 305

FRK1112 FRIENDLY AICRAFr KILLED. SCENARIO 2 0.66 0.65 0 4 310

FRK.U3 FRIENDLY AIRCRAFt KILLEM. SCENARIO 3 0.59 0.79 0 4 301

FRKILLA FRIENDLY AIRCRAFT KILLED. SCENARIO 4 0.03 0.29 0 4 296

MSLCONSI MISSILES PER HOSTILE AIRCRAFT KILJLED (LAW TACTICS).

SCENARIO 1 3.33 2.28 1.25 16 300

MSLCONS2 MISSILES PER HOSTILE AIRCRAFT Kf.jLD (LAW TACTICS).

SCENARIO 2 1.35 0.50 1.23 4 304

MSLCONS3 MISSILES PER HOSTILE AIRCRAFT KILLED (LAW TACTICS),

SCENARIO 3 2.19 0.74 1.27 6.1 296

MSLCONS4 MISSILES PER HOSTIME AIRCRAFT KILLED (IAW TACTICS).

SCENARIO 4 6.20 5.95 1.93 32.5 289

ZMSLCONI (Standsdizdd) MISSILES PER HOSTILE AIRCRAFT KILlED.

(LAW) TACTICS. SCENARIO 1 -0.0 1.0 -5.6 0.9 300

ZMSLCON2 (Smndmrdi&d) MISSILES PER HOSTILE AIRCRAFT KILLED,

(1AW) TACTICS. SCENARIO 2 -0.0 1.0 -4.3 1.3 304

ZMSLCON3 (Stalm'diznd) MISSILES PER HOSTILE AIRCRAFT KILLED,

(LAW) TACTICS. SCENARIO 3 -0.0 1.0 -5.3 1.2 296

ZMSLCON4 (Suandmrd) MISSILES PER HOSTILE AIRCRAFT KULLED,

(IAW) TACTICS. SCENARIO 4 -0.0 1.0 -4.4 0.7 239

IPERCOR INITIALIZATION WRITTEN TEST. PERCENT CORRECT 50.5% 15.0% 20.0% 96.0% 314

ZIPERCOR (Stadmrdiwmd) INMTIAIJZATION WRITTEN TEST.

PERCENT CORRECT 0.0 1.0 -2.0 3.0 314

TPERCOR TACTICAL SOP WRTITEN TEST. PERCENT CORRECT 53.2% 19.1% 4.0% 92.0% 219

Z'rPERCOR (Stadardied) TACTICAL SOP WRITTEN TEST,

PERCENT CORRECT 0.0 1.0 -2.6 2.0 213

NETERI NETTED ERRORS, SCENARIO 1 3.32 2.31 0 12 305

ZNETERI (Standodind) NETTED ERRORS, SCENARIO 1 -0.0 1.0 -3.1 1.2 305

MANUALUD MANUAL IDENTIFICATIONS& SCENARIO 3 31.0% 23.3% 0.0% 100.0% 301

ZMANALID (Standdind) MANUAL IDENTIFICATIONS. SCEKARIO 3 0.0 1.0 -1.3 2.9 301

COMPLY1 ENGAGEMENT COMPLIANCE, SCENARIO 1 61.7% 36.6% 0.0% 100.0% 306

ZCOMPLY1 (S&andmnlmd) ENGAGEMENT COMPIJANCE, SCENARIO 1 0.0 1.0 -1.7 1.0 306

COMPLY4 ENGAGEMENT COMPLIANCE. SCENARIO 4 47.7% 41.5% 0.0% 100.0% 273

CONSL80 CONSOLE SETUP AT 80 SECONDS,

SCENARIOS I1.3:(AVG) 4&6% 33.5% 0.0% 100.0% 310
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Table A.2-continued

VARIABLE LABEL MEAN STDDEV MIN MAX N

CONSL1 10 CONSOLE SETUP AT 110 SECONDS.

SCENARIOS 1,2,3:(AVG) 64.5% 32.4% 0.0% 100.0% 310

ZCON110 (Standardizd) CONSOLE SETUP AT 110 SECONDS,

SCENARIOS 1.2,3:(AVG) 0.0 1.0 -2.0 1.1 310

LNCH80 LAUNCHER SETUP AT 80 SECONDS.

SCENARIOS 1.2,3:(AVG) 76.0% 29.4% 0.0% 100.0% 310

LNCHI 10 LAUNCHER SETUP AT 110 SECONDS.

SCENARIOS 1,2.3:(AVG) 77.5% 29.1% 0.0% 100.0% 310

ZLNCH 110 (Standmdized) LAUNCHER SETUP AT 110 SECONDS.

SCENARIOS 1.2.3:(AVG) -0.0 1.0 -2.7 0.8 310
IFFCO3 CODEBANK B CHANGE, SCENARIO 3:(0,100%) 50.8% 5&.1% 0.0% 100.0% 299

ZIFFCO3 (Swandardi&d) CODEBANK B CHANGE.

SCENARIO 3 0.0 1.0 -1.0 1.0 299
HFR4 HOLD FIRE, SCENARIO 4:(0,10O%) 85.5% 35.3% 0.0% 100.0% 193

SCFR4 CEASE FIRE, SCENARIO 4:(0,100%) 78.4% 41.3% 0.0% 100.0% 291
AUTfI GOING AUTONOMOUS, SCENARIO 1:(0.100%) 87.1% 33.6% 0.0% 100.0% 225

FRND3 FRIENDLY PROTECT & ENABLE, SCENARIO 3:(0,100%) 87.6% 33.0% 0.0% 100.0% 299
CONSOLAI CONSOLE SETUP AT 80 SECONDS, SCENARIO 1:(0,100%) 13.8% 34.5% 0.0% 100.0% 225

CONSOLBI CONSOLE SETUP AT 110 SECONDS, SCENARIO 1 :(0.100%) 30.7% 46.2% 0.0% 100.0% 225

CONSOLA2 CONSOLE SETUP AT 80 SECONDS. SCENARIO 2:(0,100%) 53.9% 49.9% 0.0% 100.0% 304

CONSOLB2 CONSOLE SETUP AT 110 SECONDS. SCENARIO 2:(0,100%) 69.4% 46.2% 0.0% 100.0% 304

CONSOLA3 CONSOLE SETUP AT 80 SECONDS, SCENARJO 3:(0,100%) 66.2% 47.4% 0.0% 100.0% 299

CONSOLB3 CONSOLE SETUP AT 110 SECONDS. SCENARIO 3:(0.100%) 8Z3% 3&3% 0.0% 100.0% 299

LNCHAI LAUNCHER SETUP AT 80 SECONDS. SCENARIO 1:(0.100%) 62.2% 48.6% 0.0% 100.0% 225
LNCHBI LAUNCHER SETUP AT 110 SECONDS,

SCENARIO 1:(0.100%) 64.9% 47.8% 0.0% 100,0% 225
LNCHA2 LAUNCHER SETUP AT 80 SECONDS, SCENARIO 2:(0.100%) 86.8% 33.9% 0.0% 100.0% 304

LNCHB2 LAUNCHER SETUP AT 110 SECONDS,

SCENARIO 2:(0.100%) 88.8% 31.6% 0.0% 100.0% 304

LNCH3 LAUNCHER SETUP, SCENARIO 3:(0.100%) 73.6% 44.2% 0.0% 100.0% 299

MOFIRATE ERROR TO ENGAGEMENT PERCENTAGE,

METHOD OF FIRE, SCENARIO 1 26.4% 11.3% 0.0% 68.8% 305

MOF2RATE ERROR TO ENGAGEMENT PERCENTAGE.

METHOD OF FIRE, SCENARIO 2 16.9% 7.8% 3.1% 47.1% 310

MOF3RATE ERROR TO ENGAGEMENT PERCENTAGE.

METHOD OF FIRE SCENARIO 3 14.7% 7.6% 2.1% 44.8% 300

MOF4RATE ERROR TO ENGAGEMENT PERCENTAGE,

METHOD OF FIRE, SCENARIO 4 14.3% 6.8% 0.0% 40.0% 294

MOF123 ERROR TO ENGAGEMENT PERCENTAGE,

METHOD OF FIRE, SCENARIOS 1.2,3 19.3% 6.5% 5.9% 46.2% 313

ZMOF123 (Sandardizd) ERROR TO ENGAGEMENT PERCENTAGE,

METIIOD OF FIRE, SCENARIOS i.2,3 -0.00 1.00 -4.11 2.03 314
TLLIRATE ERROR TO ENGAGEMENT PERCENTAGE.

TIME TO LAST LAUNCH. SCENARIO 1 20.8% 1&9% 0.0% 69.6% 305

TLL2RATE ERROR TO ENGAGEMENT PERCENTAGE,

TIME TO LAST LAUNCH, SCENARIO 2 11.1% 11.2% 0.0% 54.8% 310
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Table A.2--continued

VARIAB LABEL MEAN SDD9Y MIN MAX N

TIL3RATE ERROR TO ENGAGEMENT PERCENTAGE,

TIME TO LAST LAUNCH, SCENARIO 3 11.7% 1015% 0.0% 54.1% 300

T.ARATE ERROR TO ENGAGEMENT PERCENTAGE,

TIME TO LAST LAUNC. SCENARIO 4 25.1% 23.0% 0.0% 89.1% 296

"r1.1123 ERROR TO ENGAGEMENT PERCENTAGE.

TIME TO LAST LAUNCK SCENARIOS 1.2,3 14.6% 11.4% 0.0% 51.5% 314

ZTLL123 (Sondi&md) ERROR TO ENGAGEMENT PERCENTAGE,

TIME TO LAST LAUNCH, SCENARIOS 1.23 -0.00 1.00 -3.26 1.29 314

FLTIRATE ERROR TO ENGAGEMENT PERCENTAGE.

FLIGHT DIRECTION. SCENARIO 1 2.9% 4.9% 0.0% 22.2% 304

FLT2RATE ERROR TO ENGAGEMENT PERCENTAGE,

FLIGHT DIRBCTION. SCENARIO 2 7.1% 4.9% 0.0% 26.1% 309

ATC3RATE ERROR TO ENGAGEMENT PERCENTAGE.

ASSET THREAT CODE, SCENARIO 3 19.7% 14.7% 0.0% 63.3% 301

ATC4RATE ERROR TO ENGAGEMENT PERCENTAGE,

ASSET THREAT CODE, SCENARIO 4 34.8% 24.7% 0.0% 91.3% 296

ZATC3RAT (Sndmudizcd) ERROR TO ENGAGEMENT PERCENTAGE,

ASSET THREAT CODE, SCENARIO 3 0.0 1.0 -3.0 1.3 301

SLOIRATE ERROR TO ENGAGEMENT PERCENTAGE.

SLOW SPEED TARGETS, SCENARIO 1 0.0% 0.4% 0.0% 4.0% 305

SLO2RATE ERROR TO ENGAGEMENT PERCENTAGE,

SLOW SPEED TARGETS. SCENARIO 2 0.0% 0.2% 0.0% 3.2% 310

SLO3RATE ERROR TO ENGAGEMENT PERCENTAGE.

SLOW SPEED TARGETS, SCENARIO 3 0.1% 0.5% 0.0% 3.7% 301

SLO4RATE ERROR TO ENGAGEMENT PERCENTAGE,

SLOW SPEED TARGETS, SCENARIO 4 0.0% 0.2% 0.0% 1.9% 296

SPCIRATE ERROR TO ENGAGEMENT PERCENTAGE,

SAFE PASSAGE CORRIDOR TARGETS, SCENARIO 1 0.2% 0.9% 0.0% 5.3% 305

SPC2RATE ERROR TO ENGAGEMENT PERCENTAGE,

SAFE PASSAGE CORRIDOR TARGETS. SCENARIO 2 0.0% 0.0% 0.0% 0.0% 310

SPC3RATE ERROR TO ENGAGEMENT PERCENTAGE,

SAFE PASSAGE CORRIDOR TARGETS. SCENARIO 3 1.6% 1.9% 0.0% 7.1% 301

SPC4RATE ERROR TO ENGAGEMENT PERCENTAGE,

SAFE PASSAGE CORRIDOR TARGETS. SCENARIO 4 11.3% 4.3% 0,0% 40.0% 295

DAMAGE TOTAL DAMAGE. SCENARIOS 1"2.3 12.0 3.6 4 24 291

HIAW TOTAL HOSTILE AIRCRAFT KILLED (LAW TACTICS).

SCENARIOS 1.2,3 48.5 11.2 13 72 291

MSLCONS MISSILES PER HOSTILE AIRCRAFT KILLED (IAW TACTICS).

SCENARIOS 1.2.3 2.2 0.6 1.4 5.4 311

PTACPRO SUMMARY MEASURE. BATTLEFIELD SURVIVAL -0.0 1.0 -3.1 2.0 314

STACPRO SUMMARY MEASURE. TACTICAL PROFICIENCY 0.0 1.0 -2.9 2.0 314

TEXPROF SUMMARY MEASURE, TECHNICAL PROFICIENCY 0.0 1.0 -3.0 2.3 315
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Table A.3

Correlation Coefficients

PEARSON COk.RELATIO*J cDFI1CEWWW I PROS -li URNDER HO:RH#O-O NUMBER OF OIL'ERVATK)NS

APQT _PR OPERMON UN ITMEŽ TRAINDAY LOCFRO ZDAMAGEI ZDAMAGE2 7DAMACWI ZDAMAGQA

AFQT PER 1.0000 0.0428 -0.0223 -0.0291 -0.0367 0.1645 0.2425 0.2254 00603
0.00 0.47 0.70 0.62 0.53 0.01 0.00 0.00 0.32
294 282 294 284 294 283 290 282 277

OPERMON 0.0428 1.0000 0.4073 0.5069 0.3810 0.1281 0.2350 0.2432 0.1157
0.47 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.05
282 302 302 296 302 292 297 288 283

t'rrMEM -0.0223 0.4073 1.0000 0.3350 0.5446 0.1074 0.1394 0.0638 0.0226
0.70 0.00 0.00 0.00 0.00 0.06 0.01 0.27 0.70
294 302 315 305 315 304 310 301 296

"TVAINDAY -0.0291 0.5069 0.3350 1.0000 0.2083 0.1221 0.1492 0.2162 0.0507
0.62 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.39
284 296 305 305 305 295 300 291 287

t.OCTRG -0.0367 0.3810 0.5446 0.2083 1.0000 0.0601 0.1369 0.1009 0.1740
0.53 0.00 0.00 0.00 0.00 0.30 0.02 0.08 0.00
294 302 315 305 315 304 310 301 2(

ZDA-MAGFA 0.1645 0.1281 0.1074 0.1221 0.0601 1.0000 0.2449 0.2056 0.01%6
0.01 0.03 0.06 0.04 0.30 0.00 0.00 0.00 0.74
283 292 304 295 304 304 300 291 286

7D,,,CE2 0.2425 0.2350 0.1394 0.1492 0.1369 0.2449 1.0000 0.3131 0.1132
0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.00 0.05
290 297 310 300 310 300 310 299 293

ZDAIMAGE3 0.2254 0.2432 0.0638 0.2162 0.1009 0.2056 0.3131 1.0000 0.2457
0.00 0.00 0.27 0.00 0.08 0.00 0.00 0.00 0.00
282 288 301 291 301 291 299 301 286

'fAMAGFA 0.0603 0.1157 0.0226 0.0507 0.1740 0.0196 0.1132 0.2457 1.0000
0.32 0.05 0.70 0.39 0.00 0.74 0.05 0.00 0.00
277 283 296 287 296 286 293 286 296

nnIAWI 0.1667 0.2437 0.2343 0.2466 0.1437 0.1535 0.2815 0.28()0 -0.0102
0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.86
284 293 305 296 305 304 301 292 287

ZHIAW2 0.1721 0.1274 0.2557 0.0488 0.1296 0.0825 0.3188 0.1006 -0.1073
0.00 0.03 0.00 0.40 0.02 0.16 0.00 0.08 0.07
288 295 308 298 308 298 308 297 291

7J,,AW3 0.2300 0.2160 0.1854 0.2184 0. 1001 0.0774 0.2876 0.3122 -0.0671
0.00 0.00 0.00 0.00 0.08 0.19 0.00 0.00 0.26
282 288 301 291 301 291 299 301 286

ZIIJAW4 0.1725 0.1114 0.1405 0.0646 -0.0264 0.0793 0.2298 0.0375 -0.4141
0.00 0.06 0.02 0.28 0.65 0.18 0.00 0.53 0.00
276 282 295 286 295 285 292 285 295

YJPMHCIO 0.2809 0.5602 0.3284 0.3973 0.3613 0.2076 0.3168 0.3071 0.1572
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
293 301 314 304 314 303 309 300 295

ZPFl.RCOR 0.1934 0.5774 0.0000 0.3092 0.1606 0.0990 0.2628 0.2691 0.0597
0.01 0.00 1.00 0.00 0.02 0.15 0.00 0.00 0.39
204 205 218 208 218 213 217 213 206

ZMhSI.CONI 0.1541 0.1740 0.1691 0.1752 0.0962 -0.0072 0.2010 0.1773 -0.0281
0.01 0.00 0.00 0.00 0.10 0.90 0.00 0.00 0.64
279 289 300 292 300 299 296 288 282

7WS,.CONZ 0.1146 0.0313 0.1622 -0.0612 0.0389 0.0930 0.1834 0.0368 -0.1040
0.05 0.60 0.00 0.30 0.50 0.11 0.(X) 0.53 0.08
284 291 304 294 304 295 304 293 287

7ms'.coN3 0.1314 0.0865 0.1685 0.0972 0.0326 -0.0223 0.0892 -0.0900 0.2584
0.03 0.15 0.00 0.10 0.58 0.71 0.13 0.12 0.00
277 284 296 286 296 286 294 296 281

7ZMSL.QON4 O.01(X) 0.0146 0.0668 0.0205 -0.1018 0.0021 0.0506 -0.1021 -0.6253
0.87 0.81 0.26 0.73 0.08 0.97 0.39 0.09 0.00
270 276 289 2,90 289 279 286 279 289
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Table A.3---continued

PEARSON COVRMAM.AON COWFKIM4fl / PItOs > In UNDER W-1 H oI N/ MMMl cw ORLSVATIONS

AQT..PHR OPRM3.ON UTNTrhEM TRADINDAY LOM'O ZDAMAM~ ZDAMACN2 ZAMAGE3 ZDAMAG6A

PrACPO 0.2790 0.2810 0.2671 0.2358 0.1542 0.3188 0.5376 0.4168 -0.0338
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.56
293 301 314 304 314 304 310 301 295

STAO'RO 0.2241 0.2409 0.2445 0.1968 0.1004 0.0857 0.2991 0.2277 -0.13170.00 0.00 0.00 0.00 0.09 0.14 0.00 0.00 0.02
293 301 314 304 314 304 310 301 295

"MoKMO 0.2681 0.3602 0.2306 0.2334 0.2714 0.2210 0.3524 0.2501 0.0360
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54
294 302 315 305 315 304 310 301 296

2NEMMI 0.0883 0.2501 0.2009 0.1701 0.1808 -0.1135 0.0830 0.0805 -0.0583
0.14 0.00 0.00 0.00 0.00 0.05 0.15 0.17 0.32284 293 305 296 305 303 301 292 287

Z ,ANAD 0.1410 0.0809 -0.0642 0.0855 -0.1269 0.1201 0.1408 0.4916 0.0866
0.02 0.17 0.27 0.15 0.03 0.04 0.01 0.00 0.14
282 288 301 291 301 291 299 301 286

ZCON4.YI 0.1091 0.2861 0.2531 0.2611 0.1843 0.3578 0.2788 0.2582 0.1031
0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08
285 294 306 297 306 304 302 293 288

•mVo3 0.1911 0.4155 0.2669 0.2352 0.2303 0.1581 0.3262 0.2845 0.1231
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.04
280 286 299 290 299 289 297 297 284

ZCONI1O 0.1091 0.1986 0.1268 0.0988 0.1307 0.0732 0.1602 0.1556 -0.0120
0.06 0.00 0.03 0.09 0.02 0.21 0.01 0.01 0.84
290 297 310 301 310 300 306 298 292

ZLN7IouO 0.2085 0.0162 0.0102 0.0553 -0.0004 0.0423 0.1704 0.0404 -0.0332
0.00 0.78 0.86 0.34 0.99 0.47 0.00 0.49 0.57
290 297 310 301 310 300 306 298 292

ZATC3RAT 0.0156 0.0604 0.1966 0.0881 0.0460 -0.0698 -0.0099 -0.2665 -0.2952
0.79 0.31 0.00 0.13 0.43 0.24 0.87 0.00 0.00
282 288 301 291 301 291 299 301 286

ZN40P'23 0.2128 0.1714 0.0818 0.0915 0.0866 0.2340 0.3071 0.3551 0.1419
0.00 0.00 0.15 0.11 0.13 0.00 0.00 0.00 0.01
293 301 314 304 314 304 310 301 295

Zr'twLI23 0.1172 0.1274 0.2452 0.1368 0.0711 -0.0371 0.1492 0.0122 -0.2266
0.05 0.03 0.00 0.02 0.21 0.52 0.01 0.83 0.00
293 301 314 304 314 304 310 301 295
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Table A.3--continued

PLEAMN CORELAT1ON 00EPIiC M I PROB •IR UNDER H0"4)O-O /N ?.,MME OF OLSURVATIONS

ZHIAWI 74AW2 Z.AW3 2UAW4 ZWERCOR ZrFPRCOR 23SLODNI ZD4SLX•ON2 Z4SLCDN

APrr-TMR 0.1667 0.1721 0.2300 0.1725 0.2809 0.1934 0.1541 0.1146 0.1314
0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.03
284 288 282 276 293 204 279 284 277

OFRPJON 0.2437 0.1274 0.2160 0.1114 0.5602 0.5774 0.1740 0.0313 0.0865
0.00 0.03 0.00 0.06 0.00 0.00 0.00 0.60 0.15
293 295 288 29.2 301 205 289 291 284

S0.2343 0.2557 0.1854 0.1405 0.3284 0.0000 0.1691 0.1622 0.1685
0.00 0.00 0.00 0.02 0.00 1.00 0.00 0.00 0.00
305 308 301 295 314 218 300 304 296

TRAINDAY 0.2466 0.0488 0.2184 0.0646 0.3973 0.3092 0.1752 -0.0612 0.0972
0.00 0.40 0.00 0.28 0.00 0.00 0.00 0.30 0.10
296 298 291 286 304 208 292 294 286

rLoaRo 0.1437 0.1296 0.1001 -0.0264 0.3613 0.1606 0.0962 0.0389 0.0326
0.01 0.02 0.08 0.65 0.00 0.02 0.10 0.50 0.58
305 308 301 295 314 218 300 304 296

ZDAOeG 0.1535 0.0825 0.0774 0.0793 0.2076 0.0990 -0.0072 0.0930 -0.0223
0.01 0.16 0.19 0.18 0.00 0.15 0.90 0.11 0.71
304 298 291 285 303 213 299 295 286

ZA.MAO• 2 0.2815 0.3188 0.2876 0.2298 0.3168 0.2628 0.2010 0.1834 0.0892
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13
301 308 299 292 309 217 296 304 294

DAMAOE 0.2800 0.1006 0.3122 0.0375 0.3071 0.2691 0.1773 0.0368 -0.0900
0.00 0.08 0.00 0.53 0.00 0.00 0.00 0.53 0.12
292 297 301 285 300 213 288 293 296

7DA-,OACH3 -0.0102 -0.1073 -0.0671 -0.4141 0.1572 0.0597 -0.0281 -0.1040 -0.2594
0.86 0.07 0.26 0.00 0.01 0.39 0.64 0.08 0.00
287 291 286 295 295 206 282 287 281

ZMAWI 1.0000 0.4402 0.4662 0.2736 0.3886 0.2463 0.8007 0.3561 0.3367
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
305 299 292 286 304 214 300 296 287

2jUAw2 0.4402 1.0000 0.4520 0.3426 0.2266 0.0753 0.3666 0.9091 0.4209
0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00
299 308 297 290 307 216 294 304 292

nAw3 0.4662 0.4520 1.0000 0.4712 0.3459 0.2998 0.3893 0.3520 0.7568
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
292 297 301 285 30D 213 288 293 296

ZMAw4 0.2736 0.3426 0.4712 1.0000 0.2015 0.1315 0.2863 0.2675 0.3940
0.00 0.00 0.00 0.00 0.00 0.06 C.OO 0.00 0.00
286 290 285 295 294 205 281 286 280

7JW-RCOR 0.3896 0.2266 0.3459 0.2015 1.0000 0.4965 0.2978 0.1440 0.1446
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
304 307 300 294 314 218 299 303 295

Z COR 0.2463 0.0753 0.2998 0.1315 0.4965 1.0000 0.2120 -0.0006 0.1650
0.00 0.27 0.00 0.06 0.00 0.00 0.00 0.99 0.02
214 216 213 205 218 218 211 215 209

zMStOD 0.8007 0.3666 0.3893 0.2863 0.2978 0.2120 1.0000 0.2821 0.3051
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
300 294 288 281 299 211 300 291 283

7'IMN2 0.3561 0.9091 0.3520 0.2675 0.1440 -0.0006 0.2821 1.0000 0,3833
0.00 0.00 0.00 0.00 0.01 0.99 0.00 0.00 0.00
296 304 293 286 303 215 291 304 289

2,LO3 0.3367 0.4209 0.7568 0.3940 0.1446 0.1650 0.3051 0.3833 1.0000
0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00
287 292 296 280 295 209 283 289 296

Ztst,CoN 0.2432 0.2747 0.2729 0.7679 0.0125 0.0133 0.2408 0.2472 0.2867
0.00 0.00 0.00 0.00 0.83 0.85 0.00 0.00 0.00
280 284 279 289 288 203 275 282 274
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Table A.3-continued

PEARSON OREI.AON QDEPPICWIE'T / P06 8 LINDER WIRHO.-f NUM4 OF O&SERVATIONS

2HUAWI ZkUAW2 Z-UAW3 ZMAW4 7],MCOR ZT1'ECR 2M.SLONi MS.LSLCN2 ZMSL.30M

PrACPoR 0.7617 0.7502 0.7661 0.4383 0.4493 0.2919 0.6126 0.6379 0.5798
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
305 308 301 294 313 218 300 304 296

STARO 0.7062 0.6803 0.7309 0.4245 0.3456 0.2445 0.6189 0.6135 0.6437
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
305 308 301 294 313 218 300 304 296

mKmoF 0.3304 0.2769 0.3864 0.2374 0.5552 0.3790 0.3132 0.2059 0.2051
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
305 308 301 295 314 218 300 304 296

7)ErTERI 0.4411 0.2116 0.3196 0.1810 0.2372 0.2466 0.5466 0.1289 0.2749
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
304 299 292 286 304 214 299 296 287

M"ALM. 0.1016 -0.0453 0.0528 -0.0187 0.0724 -0.0046 0.0919 -0.0067 -0.1748
0.08 0.44 0.36 0.75 0.21 0.95 0.12 0.91 0.00
292 297 301 285 300 213 288 293 296

zCoN,,Py1 0.4545 0.1860 0.2525 0.0990 0.3885 0.3320 0.3442 0.1595 0.1541
0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.01 0.01
305 300 293 287 305 215 300 297 288

Z[PPo3 0.2789 0.2281 0.2528 0.0876 0.4353 0.3853 0.1554 0.1984 0.0839
0.00 0.00 0.00 0.14 0.00 0.00 0.01 0.00 0.15
290 295 297 283 298 210 285 291 292

ZCONn1o 0.1653 0.1488 0.2124 0.1363 0.2589 0.1529 0.1756 0.0783 0.1320
0.00 0.01 0.00 0.02 0.00 0.03 0.00 0.18 0.02
301 304 298 291 309 214 296 300 293

2LNCHn 0.1378 0.1717 0.2795 0.2006 0.1590 0.1120 0.1682 0.1171 0.1887
0.02 0.00 0.00 0.00 0.01 0.10 0.00 0.04 0.00
301 304 298 291 309 214 296 300 293

ZATORAT 0.2963 0.3931 0.6427 0.4628 0.1159 0.0844 0.2933 0.4117 0.8180
0.00 0.00 0.00 0.00 0.04 0.22 0.00 0.00 0.00
292 297 301 285 300 213 288 293 296

ZMoF1 23 0.3390 0.3305 0.3038 0.0456 0.2217 0.2058 0.0722 0.2341 0.0898
0.00 0.00 0.00 0.44 0.00 0.00 0.21 0.00 0.12
305 308 301 294 313 218 300 304 296

ZTLL123 0.6554 0.6110 0.5754 0.4322 0.2571 0.1333 0.6839 0.5931 0.6338
0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00
305 308 301 294 313 218 300 304 296
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Table A.3-continued

PEARSON CORRU.AMiON COEFFIC'M I /MOR > W UNDER &.RHO, I NUMBER OF OBSERVATIONS

ZMSLGO)N4 PTAcaO STAO'RO TEIOROP Z2IrER1 ZMA.ALV) ZCONWLYI ZUNI ZCONI10

A.PQTPER 0.0100 0.2790 0.2241 0.2681 0.0883 0.1410 0.1091 0.1911 0.1091
0.87 0.00 0.00 0.00 0.14 0.02 0.07 0.00 0.06
270 293 293 294 284 282 285 280 290

oPE.MOto -0.0146 0.2810 0.2409 0.3602 0.2501 0.0809 0.2861 0.4155 0.1986
0.81 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00
276 301 301 302 293 288 294 286 297

S0.0668 0.2671 0.2445 0.2306 0.2009 -0.0642 0.2531 0.2669 0.1268
0.26 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.03
289 314 314 315 305 301 306 299 310

""RA'DAY 0.0205 0.2358 0.1968 0.2334 0.1701 0.0855 0.2611 0.2352 0.0988
0.73 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.09
280 304 304 305 296 291 297 29( 301

LO.•O -0.1018 0.1542 0.1004 0.2714 0.1808 -0.1269 0.1843 0.2303 0.1307
0.08 0.01 0.08 0.00 0.00 0.03 0.00 0.00 0.02
289 314 314 315 305 301 306 299 310

ZDAMAGE 0.0021 0.3188 0.0857 0.2210 -0.1135 0.1201 0.3578 0.1581 0.0732
0.97 0.00 0.14 0.00 0.05 0.04 0.00 0.01 0.21
279 304 304 304 303 291 304 289 300

ZDAMAOE2 0.0506 0.5376 0.2991 0.3524 0.0830 0.1408 0.2788 0.3262 0.1602
0.39 0.00 0.00 0.00 0.15 0.01 0.00 0.00 0.01
286 310 310 310 301 299 302 297 306

2DAOAM -0.1021 0.4168 0.2277 0.2501 0.0805 0.4916 0.2582 0.2845 0.1556
0.09 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.01
279 301 301 301 292 301 293 297 298

ZDAMAGr, -0.6253 -0.0338 -0.1317 0.0360 -0.0583 0.0866 0.1031 0.1231 -0.0120
0.00 0.56 0.02 0.54 0.32 0.14 0.08 0.04 0.84
289 295 295 296 287 286 288 284 292

ZwA 0.2432 0.7617 0.7062 0.3304 0.4411 0.1016 0.4545 0.2789 0.1653
0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00
280 305 305 305 304 292 305 290 301

ZDHAW2 0.2747 0.7502 0.6803 0.2769 0.2116 -0.0453 0.1860 0.2281 0.1488
0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 0.01
284 308 308 308 299 297 300 295 304

ZHIAW3 0.2729 0.7661 0.7309 0.3864 0.3196 0.0528 0.2525 0.2528 0.2124
0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00
279 301 301 301 292 301 293 297 298

2HIAw4 0.7679 0.4383 0.4245 0.2374 0.1810 -0.0187 0.0990 0.0876 0.1363
0.00 0.00 0.00 0.00 0.00 0.75 0.09 0.14 0.02
289 294 294 295 286 285 287 283 291

W.RCOR 0.0125 0.4493 0.3456 0.5552 0.2372 0.0724 0.3885 0.4353 0.2589
0.83 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00
288 313 313 314 304 300 305 298 309

Z'FRRCOR 0.0133 0.2919 0.2445 0.3790 0.2466 -0.0046 0.3320 0.3853 0.1529
0.85 0.00 0.00 0.00 0.00 0.95 0.00 0.00 0.03
203 218 218 218 214 213 215 210 214

?msLCON1 0.2408 0.6126 0.6189 0.3132 0.5466 0.0919 0.3442 0.1554 0.1756
0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.01 0.00
275 300 300 300 299 288 300 285 296

ZMLON2 0.2472 0.6379 0.6135 0.2059 0.1289 -0.0067 0.1595 0.1984 0.0783
0.00 0.00 0.00 0.00 0.03 0.91 0.01 0.00 0.18
282 304 304 304 296 293 297 291 300

ZHSLOD 0.2867 0.5798 0.6437 0.2051 0.2749 -0.1748 0.1541 0.0839 0.1320
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.15 0.02
274 296 296 296 287 296 288 292 293

7.MSLCON4 1.0000 0.2797 0.3266 0.1025 0.1743 -0.0767 0.0251 0.0466 0.0523
0.00 0.00 0.00 0.08 0.00 0.20 0.68 0.44 0.38
289 288 288 289 280 279 281 277 285
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Table A.3--continued

PEARSON CORRELATION 021mC3CWM I/S IP UNDE WH0JMO.01 NUMSK, OF OBSERVATIONS

725LC:DN4 VrACo STACPRO TEKJioPF ZNHM Z7,.A1,ALID ZCOILY1 21PO3 ZCONI10

PTACYB, 0.2797 1.0000 0.8596 0.4654 0.3632 0.1418 0.4710 0.3666 0.2249
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
288 314 314 314 305 301 306 299 310

STACPMO 0.3266 0.8596 1.0000 0.3492 0.5556 0.1728 0.4128 0.2767 0.1351
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
288 314 314 314 305 301 306 299 310

TEm,•Oe 0.1025 0.4654 0.3492 1.0000 0.1753 0.0077 0.3876 0.4265 0.6842
0.08 0.00 0.00 0.00 0.00 0.89 0.00 0.00 0.00
289 314 314 315 305 301 306 299 310

'nMI 0.1743 0.3632 0.5556 0.1753 1.0000 -0.0393 0.2591 0.0510 0.0594
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.39 0.30
280 305 305 305 305 292 305 290 301

ZtANA,•. -0.0767 0.1418 0.1728 0.0077 -0.0393 1.0000 0.1693 0.1087 -0.0313
0.20 0.01 0.00 0.89 0.50 0.00 0.00 0.06 0.59
279 301 301 301 292 301 293 297 291

ZCO),wLY1 0.0251 0.4710 0.4128 0.3876 0.2591 0.1693 1.0000 0.3152 0.0729
0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21
281 306 306 306 305 293 306 291 302

m 0.0466 0.3666 0.2767 0.4265 0.0510 0.1087 0.3152 1.0000 0.1586
0.44 0.00 0.00 0.00 0.39 0.06 0.00 0.00 0.01
277 299 299 299 290 297 291 299 299

ZCONIIo 0.0523 0.2249 0.1351 0.6842 0.0594 -0.0313 0.0729 0.1586 1.0000
0.38 0.00 0.02 0.00 0.30 0.59 0.21 0.01 0.00
285 310 310 310 301 298 302 299 310

aLNCoIo 0.1206 0.2314 0.2134 0.5710 0.0696 -0.0618 0.0567 0.0229 0.1485
0.04 0.00 0.00 0.00 0.23 0.29 0.33 0.69 0.01
285 310 310 310 301 298 302 299 310

ZATORAT 0.3989 0.4700 0.6132 0.1706 0.2663 -0.2315 0.0962 0.0515 0.0567
0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.38 0.33
279 301 301 301 292 301 293 297 298

2oF123 -0.0792 0.4408 0.4376 0.1677 0.0106 0.1314 0.3019 0.2390 0.1246
0.18 0.00 0.00 0.00 0.85 0.02 0.00 0.00 0.03
288 314 314 314 305 301 306 299 310

zrtLI 2 0.4333 0.6931 0.8020 0.3187 0.4995 -0.0723 0.2927 0.1914 0.1214
0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.03
288 314 314 314 305 301 306 299 310
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Table A.3-continued

PGAMN COXWJUATnON CXFPKfl IItWM > -UNDM ND..RHO4/ NUMI OP OSESRVATbONS

3.NQCH 10 ZATORAT MOFPI 23 Zn.LiZI

AEqTrPy 0.2085 0.0156 0.2128 0.1172
0.00 0.79 0.00 0.05
290 282 293 293

OPE'oN 0.0162 0.0604 0.1714 0.1274
0.78 0.31 0.00 0.03
297 288 301 301

UNfMHM 0.0102 0.1966 0.0818 0.2452
0.86 0.00 0.15 0.00
310 301 314 314

TVADAY 0.0553 0.0881 0.0915 0.1368
0.34 0.13 0.11 0.02
301 291 304 304

LORUO -0.0004 0.0460 0.0866 0.0711
0.99 0.43 0.13 0.21
310 301 314 314

ZAAi 0.0423 -0.0698 0.2340 -0.0371
0.47 0.24 0.00 0.52
300 291 304 304

mAMAoo2 0.1704 -0.0099 0.3071 0.1492
0.00 0.87 0.00 0.01
306 299 310 310

DAMARG3 0.0404 -0.2665 0.3551 0.0122
0.49 0.00 0.00 0.83
298 301 301 301

,TAMACM4 -0.0332 -0.2952 0.1419 -0.2266
0.57 0.00 0.01 0.00
292 286 295 295

MwI 0.1378 0.2963 0.3390 0.6554
0.02 0.00 0.00 0.00
301 292 305 305

ZMJAW2 0.1717 0.3931 0.3305 0.6110
0.00 0.00 0.00 0.00
304 297 308 308

2MAw3 0.2795 0.6427 0.3038 0.5754
0.00 0.00 0.00 0.00
298 301 301 301

ZMAW4 0.2006 0.4628 0.0456 0.4322
0.00 0.00 0.44 0.00
291 285 294 294

WERCOR 0.1590 0.1159 0.2217 0.2571
0.01 0.04 0.00 0.00
309 300 313 313

ZTPHRCOR 0.1120 0.0844 0.2058 0.1333
0.10 0.22 0.00 0.05
214 213 218 218

ZMtSL(DNI 0.1682 0.2933 0.0722 0.6839
0.00 0.00 0.21 0.00
296 288 300 300

ZMtSLMDN2 0.1171 0.4117 0.2341 0.5931
0.04 0.00 0.00 0.00
300 293 304 304

zMtowN 0.1887 0.8180 0.0898 0.6338
0.00 0.00 0.12 0.00
293 296 296 296

ZMSLMN4 0.1206 0.3989 -0.0792 0.4333
0.04 0.00 0.18 0.00
285 279 288 288
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Table A.3--continued

PIARSON CORa.ATION CDPFWCn3h I PROS > W UNDEIRf HD.41/ NUMBER OP O6SSRVATIONS

2L.NCHII1 ZATC31AT ZM23OPIS ZrLI 23

•AC•O 0.2314 0.4700 0.4408 0.6931
0.00 0.00 0.00 0.00
310 301 314 314

STACPRO 0.2134 0.6132 0.4376 0.8020
0.00 0.00 0.00 0.00
310 301 314 314

TEIMOP 0.5710 0.1706 0.1677 0.3187
0.00 0.00 0.00 0.00
310 301 314 314

UM- 0.0696 0.2663 0.0106 0.4995
0.23 0.00 0.85 0.00
301 292 305 305

2 ALM -0.0618 -0.2315 0.1314 -0.0723
0.29 0.00 0.02 0.21
298 301 301 301

ZCOMPLYI 0.0567 0.0962 0.3019 0.2927
0.33 0.10 0.00 0.00
302 293 306 306

zo3 0.0229 0.0515 0.2390 0.1914
0.69 0.38 0.00 0.00
299 297 299 299

zoNII0 0.1485 0.0567 0.1246 0.1214
0.01 0.33 0.03 0.03
310 298 310 310

ZLNo 0 1.0000 0.2250 0.0319 0.2291
0.00 0.00 0.58 0.00
310 298 310 310

ZATORAT 0.2250 1.D000 -0.1172 0.6974
0.00 0.00 0.04 0.00
298 301 301 301

zWoPI23 0.0319 -0.1172 1.0000 -0.0700
0.58 0.04 0.00 0.22
310 301 314 314

ZrLin 0.2291 0.6974 -0.0700 1.0000
0.00 0.00 0.22 0.00
310 301 314 314

Table A.4

Reliability Coefficients

Variable Alpha

Battlefield survival 0.801
Tactical proficiency 0.605
Technical proficiency 0.737

Combined asset damage: scenarios 1,2,3 0.503
Combined hostile aircraft killed

(LAW tactics): scenarios 1,2,3 0.714
Combined missile conservation:

Scenarios 1,2,3 0.556
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Appendix B

ILLUSTRATIVE COST-BENEFIT ANALYSIS

Our results provide considerable evidence that AFQT score has a direct and significant
impact on the outcomes of air battles. However, in a resource-constrained environment, de-
cisionmakers must weigh these differences in outcomes against the additional cost of recruit-
ing high quality soldiers. To explore such cost-benefit tradeoffs, we conducted a simple, illus-
trative analysis. Our analysis focused on Patriot missile usage and ECS damage.

RECRUITING COSTS

Previous research indicates that it costs more to recruit high quality soldiers than low
quality soldiers (e.g., Polich, Dertouzos, and Press, 1986). It is difficult to estimate precisely
the true additional cost. For illustrative purposes, we rely here on earlier RAND research
results. In particular, earlier RAND work (circa 1985) reported that on a per-unit cost basis,
the marginal cost of attracting an additional high quality recruit through advertising was
about $6000. Similarly, the marginal cost was estimated at $5400 if staff increases (i.e.,
more recruiters) were used instead of advertising. 1 These figures contrast with the cost of
recruiting a low quality soldier, which was estimated to be about $2000. Thus, the estimated
marginal increase in cost for a high quality soldier in 1985 was approximately $4000. Taking
inflation into account, we estimate that the 1990 amounts would be about $6800 for a high
quality recruit and $2300 for a low quality recruit, a difference of $4500.2

MISSILE USAGE

Based on the regression coefficients produced in the missile usage analysis, we calcu-
lated the expected number of missiles required to kill ten hostile aircraft in accordance with
tactics at the midpoint of each AFQT category. These numbers were presented in Figure 10.
The analysis suggests that usage increases by about one missile per AFQT category for each
ten tactically correct kills. For example, a category IIIB soldier would use approximately two
more missiles than a category II soldier for ten kills, four more for 20 kills, and so forth, ac-
cording to these results. The cost of each missile was estimated at $570,000.

We then combined the missile usage results across categories I to IIIA to determine the
number for high quality soldiers (21.0), and for categories IIIB and IV to get the number for
low quality soldiers (23.2). When the cost of the missiles is considered, the implication is
that low quality soldiers would require $1.1 million in additional resources for each ten tacti-
cally correct kills. The higher resource expenditure by low quality soldiers greatly exceeds
the extra cost of recruiting high quality soldiers, which is about $4500 per soldier. Moreover,

1These numbers could be higher if bonuses were used to entice potential recruits.
2 These numbers were determined from deflators in the International Financial Statistics, Yearbook 1989

(International Monetary Fund, 1989). The 1990 cost was calculated by using $6000 and $2000 as the 1985 base-year
costs. Also, since the 1989 deflator was not available at the time of this writing, it was estimated at 113.3, which
assumes a relative increase of 3.3 percent during 1989, the average increase over the last 5 years (1986-1990).
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the regression results suggest that the additional training resources and operator experience
required for low quality soldiers to achieve the same level of proficiency as high quality
soldiers are substantial and, alternatively, that such resources could be applied to achieve
even better performance among high quality soldiers.

ASSET DAMAGE

A similar analysis was undertaken for asset damage. Although such an analysis re-

quired more assumptions than did that for missile usage, the results appear to be generally
similar. Using the numbers presented earlier in Figure 8, we estimated that asset damage
increased by about one hit per 28 potential strikes for each AFQT category. This increase
translates to a difference of about 0.83 hits per ten potential strikes when we combine results
and compare category I through IIIA soldiers with category IIIB and IV soldiers. Given the
wide variation in the nature of defended assets, it is difficult to derive an "average" cost for
them, and similarly difficult to determine the number of enemy strikes required for their de-
struction. For this illustration, we used the cost of an ECS, $4,033,000, and assumed that
two to three strikes would destroy the ECS (or another asset of comparable value). Using a
three-strike figure, each hit would do about $1.3 million worth of damage. Given an expected
difference of 0.83 hits, the cost of increased asset damage for low quality soldiers would be
$1.1 million for each ten potential enemy strikes. Again, the marginal cost increase in
recruiting high quality soldiers is more than offset by the savings in improved job
performance.
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