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EFFECTS OF SIMULATOR TRAINING AND PLATFORM MOTION
ON AIR-TO-SURFACE WEAPONS DELIVERY TRAINING

1. INTRODUCTION

The air-tosurface mission is a major role for the
Tactical Air Command (TAC). Specialized aircraft
are being procured to support this operational
requirement; and, as occurs with the acquisition of
all weapons systems, new procedures and equip-
ment must be developed to train personne! for
their effective utilization. As regards both of these
items, the greatest amount of resources will be
expended initially in providing simulation capa-
bilities for pilot training, 1t is, therefore, of critical
importance that the simulator deliver the cues
essential to this training and that the training itself
be highly efficacdous. The research reported in this
study deals with air-tc-surface simulation training
transfer and motion cueing effocts in general, and
it represents a first step towards achieving these
objectives.

Background and Literature Review

The foregoing sunimarized the reasons for, and
purpouses of the study, but a brief expansion of
these points will add some clarifying details.

Backgr 1 The Air Force plans extensive
simulator rocurements in order to reduce flying
training hours while maintaining operational
readiness. In light of this fact, it is highly desirable
to determine the effectiveness of candidate
simulator configurations for specific training
applications prior to their acquisition by the user,
From the user’s viewpoint, there are two aspects
to this process. First, the simulation must provide
the cues essential for training; and sccond, there
must be positive training transfer from the
simulator to the aircraft, From a budgetury stand-
point, these two requirements are valid, but the
cost element must be considered as well. Unneces-
saty features should not be purchased: the
simulation must not only be effective, but also it
must be efficient.

One expensive flight simulgtor feature, of
which the universal casentlality Is not certain, is
platform motion. The question as to whether the
existence of simulator platform motion enhances
the iraining effectiveness of the device is un issue
of considerable importance. Using a moving plat-
form to provide vestibular and kinesthetic cues to
the pilot is & costly process. Not only are initial

expenses increased, but life-cycle costs are also
inflated. Unless some positive training value can be
demonstrated for the presence of motinn, cost-
avoidance considerations must force its exclusion
from the simulator,

The Air Force Human Resources Laboratory
(AFHRL) has completed several studies which
addressed the value of motion cueing to the
training effectiveness of flight simulators, These
studies have provided estlmates of the contri-
bution of simulator motlon in transfer of training
to the aircraft; however, due to the luck of visual
scene capabilities for ar-to-surface weapons
delivery simulator training, they addressed only
the learning of aircraft instrument and transition
skills and did not address mancuvers involving high
*G"Jow altitude tasks.

AFHRL recently participated in a study (ASD
Project 2235) which fucilitated the development
of a visual scene capability on the Advanced
Simulator for Pilot Training that (ncluded a
conventional air-to-surface weapons deilvery
complex and the display of tactical targets for
more advanced operational training. This visual
capability, when combined with objective scoring
strutegies and the existing motion system
permitted the investigation of the
transfer-of-training phenomena described in the
present study,

Air-to-surface weapons delivery is a high risk
area of training for newly rated pilots. Large Air
Force expenditures for,simulation of this activity
are imminent. Therefore, a determination of both
the feasibility of simulator tralning in this area and
an assessment of the contribution of platform
motion to simulator effectiveness in this context
was Jeemed essential.

Literature Review. There have been numerous
studies investigating the effects of platform
motion upon piloting tasks. Many of these have
been directed toward determining the degees of
freedom required for motion systems in particular
settings, as well as what levels of fidelity are
needed (Bergeron, 1970: Jacohs, Williges, &
Roscoe, 1973). This body of research, however, is
equivocal, and findings have not always been
consistent from study to study.




Certain studies have shown that motion
produces improved pilot performance in con-
trolling the simulator (Borlace, 1967, Brown,
Johnson, & Mungall, 1960). In this vein, Rathert,
Creer, and Sadoff (1961) »demonstrated that
varving the fidelity of motion cueing directly
affected the pilot's performance in the simulator.
Koonce (1974) investigated the training effective-
ness of platform motion using three conditions of
motion cueing (i.e., no motion, sustained motion
cuelng, and washout motion cueing). This study
reported un increase in pilot performance in the
simulator when either condition of motion cueing
wis present,

From Koonce's study, it is seen that the
evidence supporting the positive effects of high
fidelity motion cueing is not firmly established.
Demaree, Norman, and Matheny (1965) concluded
that in muny instances the level of fidelity could
be reduced without any appreciable performance
decrement on tracking tasks, Huddleston (1966)
reported that motion may not be necessary for
those piloting tasks performed in the more stable
flight regimes, although it may be benefl lal in
highly dynamic regiimes. Finally, a follow-on study
to Koonce (Jacobs & Roscor, 1975) may have
revealed a critical facet of the issue. It was found
that pilot performance, in terms of errors com-
mitted, improved in the simulator with the
presence of either normal washout motion or
random washout motion where the latter condi-
tion provided appropriate onset cueing, but
random directional cueing. Perhaps it may be that
motion serves only to alert the pilot to a change in
conditions and rarely has any Intrinsic stimulus
value beyond this point (Irish, Grunzke, Gray, &
Waters, 1977). Simple ‘‘movement,” not
complexly driven motion piatforms, may provide a
sufficient condition for simulation.

A plethora of studies attest to the training value
of simulation (Caro, 1970; Prophet, Caro, & Hall,
1972; Reid & Cyrus, 1974; Woodruff & Smith,
1974), But the effectiveness of simulator training
varles enormously* when viewed across specific
applications, and it is wise to pretest ‘whaenever
possible, In addition, individual differences in the
student population may produce widely different
effects of such training. The present study was
designed to investigate these possibilities as well as
provide baseline data for envisioned air-to-surface
simulator training prograins

Problem Statement

At the present time, TAC air-to-surface training
in taught in tactical ajrcraft. This procedure

constitutes a dangerous activity for newly rated
pilots. An alternative, if demonstrated to be
cffective, is the use of flight simulators designed
with air-to-surface capabilities. A related issue is
the erficiency of this training for student pilots of
differing ability levels. s the payoff of simulator
training relatively equal for all students, or do
some profit to a greater extent than others?
Finally, if it were shown that simulator platform
motion does not increase the training transfer to
the aircraft, sgnificant reductions in the life-cycle
costs of the device would be realized,

Objectives

The objectives of this research were to deter-
mine: (&) the cxtent to which generalized,
conventional, air-tosurface weapons delivery
training in the Advanced Simuator for Pilot
Training transfers to o specific aircraft, (b) the
contribution of six-degree-of-freedom platform
motion to the transfer of training from simulator
to aircraft; and (c) the differential effects, it any,
of this simulator training on student pilots of
differing ability levels.

Study Rationale

The main theme followed throughout the study
was that the approach should be intensely realistic
in terms of Air Force operations. Accordingly, it
was decided to select a homogenous group of
inexperienced pilots who had already been
identified for fighter ‘ training, train them on
specificd tasks in the simulator, then measure their
performance on the same tasks in an aircraft on an
actual gunnery range. The result was a simple
study, easily and quickly understood, that
produced information directly applicable to Air
Force arcas of concern.

A major decision made in establishing the
simulator configuration dealt with the (-Seat, The
G-Seat can serve as a platform motion surrogate by
providing vestibular and kinesthetic cues. If.the
G-Seat had been included uas ah ndependent
variable, two additional groups of subjects would
have been required for the experiment. This action
would have increased the size and duration of the
~ffort by two-thirds. Due to the urgent demand
for immediate information on platform motion
effects, a larger study was not a viable option.
Consequently, it was decided that the G-Seat
would be a fixed study factor.

The fully operative motion condition was
chosen for the G-Seat configuration. The reason
for this selection was that, unlike motion

_—'_._______——_—lﬂ_“



platfotms, the mcluston of a G-Seat adds very little
to cither the aequisition ot lifexycle costs of a
flight simulator. Since 1t seemed highly probable
that all future sophist-ated flight simulators
would be procured with G-Scats, it was believed
that the study results would have greater validity if
the G-Seat were operative during the simulator
training phase,

The aircraft selected for the data flights was the
F-5H, primarily because F-SB training is accom-
plished at Williams Air Force Base, Arizona, and
the proximity of instructor pilots and aircraft
greatly simplified this poition of the data
collection. An additional reason for its selection
was because it is a two-seat aircraft and two data
collection flights per subject could be scheduled
with very little checkout time in the aircraft, since
an instructor would be on board to perform all
tusks not reguired as part of the study (as well as
providing adequate flight safety). Had the F-SB
nut been used, it would have been necessary to
conduet the study as part of a formal combat crew
training (CCT) program where the subjects would
have received o complete checkout {n the CCT air-
craft. This might have caused safety problems due
to dissimilar flight characteristics between the air.
craft and the simulator. These problems were
avoided by using the F-5B, This point will be
discussed further in the Methods and Procedures
section,

Gaindng support for this project was greatly
facilitated because of its “training/research”
aspect. Not only woudd important research issues
be examuned, but valuable training would be
gained by the participants. Alrto-surface training
has always represeuted one of the most difficult
areas to truin in the aircraft. A chance to obtain
some pretraining tor students prior to their arrival
at CCT was readily endorsed by the training
squadrons.

11, METHOD AND PROCEDURES

As stated m the rationale, a major objective of
the approach was that the study be performed
within the context of typical Air Force training
operations. This requirement was the determining
factor inn the study's methodology.

Subjects

The personnel who serve as subjects in simufa-
tion research are usually found to he the major
single source of variance when the analysis of the
experimental results is completed. In this study,

great care was taken to remove as nmiuch of this
unwanted variance as possible through the use of
judicious selection techniques and counter-
balancing.

Subject Background and Selection. 1t was
decided that the most representative source of
subjects would be recent undergraduate pilot
training (UPT) graduates who had been identified
for fighter assignments. These novice pilots receive
a short 6-week fighter lead-in training course at
Holloman Air Force Buse, New Mexico, after
graduation from UPT and prior to their arrival at
CCT lor their respective aircraft. The lead-in
course {3 designed to improve fonnation flying
skills and to provide an introduction to high
performance maneuvering and to air-to-ground
weapons delivery, At the time of this study, the
course contained 19 sorties in the two-place T-38
alreraft, the same afreraft flown in UPT,

The subjects were given the entire lead-in train-
ing course with the exception of the air-to-surface
indoctrination. This required deleting two T.38
sorties which were replaced by two sorties in the
F-5B at Williams Alr Force Base, Arizona, as part
of the study. The two sorties deleted ut Holloman
Alr Force Base are flown “dry"™ since the T.38
does not have the capability to dellver ordnance,
whereas the two F-5B sorties gave the subjects the
opportunity to drop 12 BDU-33 practice bombs
which would serve as ¢r.ierfon measures.

Actual selection of the subjects required several
steps. First, the Air Force Military Personnel
Center pipeline management section provided a list
of potential subjects who had enough time
available between lead-in training and their CCT
reporting dates to allow a 2-week tour of duty for
this study. From this list, only those with no prior
Alr Force service time or significant fixed-wing
flying experfence other than UPT were selected for
possible participation in the study. Finally, the
actual subjects were randomly selected from this
reduced list and their names seant to the training
squadron at Hoilman AFB. At this point the
training squadron developed a rank-ordering of the
subjects. This runk-ordering was made on the basis
of the students’ performance during  lead-in
training.

Subject Assignment. Upon the completion of
lead-in training, the student pllots were sent to
Williams AFB in groups of six. 1t was necessary to
use four lead-in training classes In order to produce
o total N of 24 students, eight subjects assigned to
each of three groups.




Phe rankmps ave by the squardron at
Hollonan AFR G amed the basis for assigning cach
subject mto ather a control group which would
recerve no sinnulator training, o1 one of two experi-
mental proups (subdivided into motion and no-
motion groups). For the first ¢lass, the subjects
ranked 1 and 6 were placed in the motion group, 2
and § in the ne-motion group, and 3 and 4 in the
comtrol group. Class two grouped students 2 and 5
into the motion condition, 3 and 4 into the no-
motion condition and 1 and 6 were used as
controls  Class three used the last available
combination and class four used the first
corbination over again. Fortunately, this counter-
bulancing on student performance also produced
groups that were well equated from the standpoint
of meun fixed-wing time. The control group
averaged 259 hours, the motion experimental
group averaged 276 hours, and the no-motion
experiznental group aversged 248 hours, These
mwinor differences were not statistically significant
at the five pereent level of confidetice.

It is believed that this procedure accomplished
its purpnses: namely, subject groups matched as to
ability, and a study that would allow valid general-
wzations on the benefits of air-to-surface simulator
taining to the appropriate Air Force population.

Instructor Pilots

With one exception, the study’s instructor
pilots were drawn from the 425th Tactical Fighter
Training Squadron stationed at Williams AFB, All
Instructor Pilots were highly experienced in air-to-
surfuce weapons delivery and were thoroughly
bricfed on the purposes of the stndy and their jobs
within it. Special training on the ASPT console
operation and advanced training teatures capa-
bilities was given to the Instructor Pilots who
administered the simulator training.

Apparatus

The apparatus used in the study conssted of
two devices: the Advanced Simulator for Pilot
Training (ASPT), and the F-5B aircrafi.

ASPT. The ASPT located at the Air Force
Human Resources Laboratory/Flying Training
Division (AYHRL/FT) was used for the training
portion of the study. Technical references for this
device are found in Hagin and Smith (1974); and
Rust (1975), but s short description will be given.

ASPT has two Tully mstrumented 1 37 cockpits
mounted upon six-degree-of-freedom motion plat-
forms. The synergistic motion system has six
active drive legs with approximately 5 feet of
vertical travel and 4 feet of horizontal travel.
YispIacement  capabilities sinclude: piich -20
degrees to +30 degrees; roll 122 degrees; and yaw
+32 degrees. These displacements are intended to
provide initial (onset) cues for all maneuvers, The
31 -bellow pneumatic G-seat in ASPT is designed to
provide more continuous cues than the motion
platforn. and accomplishes this by the orderly
inflation and detlation of the bellows in response
to the requirements of each particular maneuver.

The visual system of ASPT is comprised of
seven 36-inch monochromatic cathode-ray tubes
placed around the cockpit giving the pilot +110
degrees to 40 degrees vertical cueing and £150
degrees of horzontal cucing. The computer-
generated visual scene has the capahility to display
inforniation for most pertinent ground references
(mountains, runways, hangars, ete)) within a
100square-nautical-mile area of Williams AFB.
The configuration for this study included the
conventional gunnery range visual data  base
developed far project 2235 and the depressible
bombing sight (A-37 Optical Sight Unit) installed
for that project (Hutton, Burke, Englehart, Wilson,
Rumaglia, & Schneider, 1976).

The nerodynamic mathematical models driving
the simulator are those of the T-37 aircraft. The
feasibility of changing these models to increase the
performance of the simulator to myre
representative alrspeeds and handling gualities of
fighter-type aircraft was investigated. Estimates of
that effort placed unacceptable time delays on the
project which would have not allowed information
to be provided to the using conimand within the
required time frame.

FSB the F-SB proved to be an excellent
choice as the criterion test vehicle for measuring
the ability of the subjects to perform air-to-surface
weapons delivery. As mentioned previously, the
flight charucteristics of the F.SB are similar to
those of the T-38 aircraft which the subjects had
flown for approximately 110 hours in UPT and
another 20 hours during lead-in training. Differ-
ences in operational procedures und “'switchology™
were prebriefed prior to cach aircraft mission and
presented no problems during the data collection

flights.
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Independent Variables

Four independent varables were used in the
study. ‘The first of these, training conditions,
represents the weapons delivery training received
by the subjects at Williams Al'B. There were three
levels of this variable: no  simulator training
(Control Group): simulator training with platform
motion (Experimental Group 1), and, simulator
training without platform motion (Experimental
Group 2). The spedific syllabus content and
student flow for all three conditions will be
covered in a subsequent section,

The second independent variable was simulator
platform motion. There were two levels of this
variable: level one used the full sixdegree-of-
freedom plat!Hrm motion available; for level two
the platform was stationary.

The third independent vartable consisted of the
weapons delivery tasks performed by the study
subjects. Three different weapons delivery tasks
were selected: the high drag 10-degree dive angle:
the high drag 1S-degiee dive angle, and the
3O-degrec-ungle  dive bomb. Specific delivery
parameters are described in Appendix A.

The finul independent variable, initial flying
ability, was chosen to give greater experimental
control and to permit group comparisons on the
effects of simulator training as a function of
student ability. As stated above, the subjects were
rank-ordered by the training squadron at
Holloman AFB on the flying ability they demaon-
strated during lead4n training, This served two
purposes: first, it allowed counterbalancing of
subjects su that there were matched groups in the
three training conditions; second, it made possible
compansons on the value of simulator training
between students judged to have greater, as
contrasted to lesser, initial flying ubility.

Study Design

The design used throughout the study was an
elementary two-factor “mixed” analysis of
variance classitied by Lindquist (1953) as # Type |
design. The buslc design fent itself nicely to the
analysis requirements because for two level con-
trasts (i.e., motion versus no-motion, superjor
versus inferior students), it conveniently collapses
in simpler paradigms. The three weapony delivery
tasks (i.c., [O«degree, 15-degree, and 30-degree dive
angles) comprised one factor of this design, while
group-associated independent varlables (e,
conditions of training, simulator motion configuri-
tions, and initial flying ability) constituted the
uther,

Fhe desipn was ised for the mans anivapte
analyses of variance pectormed onthe dataas well
as the two multivariate cases.

Dependent Variables

There were three primary sets of dependent
variables used in the study, and twao of these sets
were dichotomous,

Aircraft  Performaice Dependent Variables,
Two clusses of dependent neasures  resulted
directly from student performance duta obtained
during the F-SB criterion lights. The first of these,
bomb delivery accuracy, were scores from practice
bombs dropped on the conventional gunnery range
at Gila Bend, Arizona. The second dependent
variable based on flying performance was
instructor pllot ratings. Instructor pilots flying
with the students in the gircraft guve subjective
ratings on a scale of O to 4 on each bomb delivery
attempt, which  were  converted into standard
scores (mean of 50, standar - deviation of 10) for
analytic purposes. These ratings covered overall
flying performance in the bombing pattem, but
excluded any consideration of the actual bomb
score,

Simdataor Performance Dependent Variahles,
Similar to the above. there were two classes of
dependent measures that resulted from student
performance in the ASPT. The first of these, bomb
delivery circular errur, is 0 measure comparable in
every respect to the corresponding  measure
observed during the check sides. A seoring
algorithm in the simulator computer captured )
release parameters on ¢ach delivery and conmputed
an impact distance from the target center.

Capabilities of the ASPT were also used to
record sunulated flight parameters at the mument
of bomb elease.  Airspeed, atitude, Gload,
heading and dive angle were printed out for cach
weapons  delivery. These were the  parameters
utilized in the multivariate analyses of variance.

Subject  Questionndire. . (Questionnaires were
completed by all students at the end of training.
(A facsimile ol the questionnaire is contaitned in
Appendix B.)

Syllabus Development

The first step in the sylabus developiment way
to deiermine the tasks to be flown, The results
from project 2235 showed that il conventional
weapon deliveries could be flown i the ASPT,
These weapons deliveties could be classitied into
three general categories: torward liring, (strale),
low-atgle bombing, and hgh-angle bombing.
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Betote the aircratt to be wed in performing the
critenion tasks was selected, it was planned to
choose one task from each cetegory. However,
when the F-SB became the weapons platform,
straft: had to be eliminated from consideration
because the F-SB does not have guns. Rockets
could have beer used, but simulation of that capa-
bility had not yet been developed on the ASFT. It
was decided, therefore, to use two low-angle
bombing events and onc high-angle event. The two
low-angle events selected were 10- and !5-degree
simulated high drag deliveries.

The high angle event sclected was the 30-degree
dive bomb. The skills required for this event are
somewhat different than for the low-angle
deliveries. More reliance on in<cockpit instruments
is necessary to mieet required release parameters.
Higher angle events such as 45 degree or 60 degree
were eliminated from consideration because they
were not performed in the F-5B aircraft as a part
of the normal training course.

The next siep in the syllabus development was
to determine how the deliveries would be taught in
the ASPT and how they would be performed in
the aircraft. On a conventional gunnery range, if
both high- and low-angle events are to be flown,
the low-angle events are flown first. This is done
for several reasons, but primarily for time and fuel
considerations. Consequently, this low-to-high
sequence was followed throughout the study.

A prototype syllabus was establithed and
several experience pilots with no previous air-to-
surface traning were selected to conduct a pretest
of the mission scenarios. These trial runs provided
insight inty the amount of time required to
conduct the training, the optimum length of each
sortie, and at the same time provided experience in
console operations for the instructors who would
be doing the actual training. After several minor
chanpes were made to the syllabus, the course of
instruction was administered to a new UPT
graduate with flying experience similar to the
actual subjects. No problems were encountered
and the sequsnce and instructional techniques
were finalized prior to arrival of the first class of
subjects.

Subject Training

After their arrival at Williams AFB, all of the
subjects were given twu Llocks of “ground schoo!™
training during the study. The first block was
presented on the first morning and consisted of an
introductory briefing, an overview of the study,
and a short phase review of air tosurface weapons
delivery.
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At this point, the control group was separated
from the experimental groups and given their
second block of training, an orientation to th:
F-5B. (A sample training schedule appears in
Appendix C.) This block of traiuing consisted of
instruction on aircraft procedures and ended with
a test on critical action emergency procedures
which were required knowledge prior to flight. For
these subjects, the remainder of the first day was
spent on the flight line with time in the cockpit to
familiarize them with armamnent procedures and
switchology. These control subjects then flew their
two data flights in the F-5B on the second and
third days (one flight per day). The content of the
flights are described as follows.

After receiving the first block ground school
with the control group, the experimental groups
then proceeded with their simulator training, They
did not receive the second block on F-5B
procedures until after the simulator training had
been completed.

The simulator training started with a 20-minute
sound/slide presentation that covered the normal
and emergency procedures the subjects would
need to know prior to operating any of the simula.
tion equipment. A trained operator gave each
subject an individual checkout on these procedures
in the simulator cockpit before the subject’s first
mission. This operator remaned on duty
throughout the training periods to act as a safety
observer.

A schedule of the simulator training is
presented in Appendix D. The syllabus for this
training was divided into eight, 1-hour sorties. A
building block approach was fullowed throughout,
On the first dmulator mission, a short familiar-
ization flight was provided prior to starting the
actual weapons delivery training. During this time,
the subjects experienced the control forces and
trim changes that would occur over the airspced
ranges that were later flown. Characteristics of the
simulator visual system were explained so the
subjects were well-adapted to the outside-the-
cockpit environment, )

Afer the familiarization period, the simulator
was initialized to the gunnery range for the start of
the air-tosurface training. The events were taught
in sequence starting with the 10-degree-dive-angle
task. The delivery was introduced with a pre-
recorded demonstration of the base leg and final
approach portions of the pattern. (See Appendix
A for diagrams of the compleie patterns.) The
student was then “‘reset” to the same starting
point and allowed to practice what he had seen.
This part-task approach was selected to take

.-




advantage of the available advanced training
features such as problem freeze, initialization/
reset, and record/playback. After several trials, the
student again viewed the prerecorded demon-
stration. This presentation was dynaniic for all
flight instruments, stick, rudder, and throttles, as
well as the visual scenc. The student then flew the
part-task pattern again with his own performance
recorded. When this was replayed, he had instant
feedback which he could use to analyze his own
ervors. The instructor pilots used the problem
freeze feature frequently to stop the sequence and
to point out what the student should have been
seeing and doing. Finally, the full pattern was
demonstrated and taught in much the same
manner as the part-task pattern.

The second and third missions introduced the
15. and 30-degree tasks using the same procedures.
Reinforcement of previously learned pattems was
accomplished at several points in the missions. The
instructor pilots used mission guides in order to
follow the sequence exactly on each sortie. Thus,
each student in the experimental groups received
the same number of repetitions on each of the
three bomb delivery tasks.

For the first three missions simulated wind
conditions were culm, but starting with the fourth
mission, subjects received instruction and practice
with many various wind directions and speeds.

Testing Procediires

Criterion performance tests were administered
in the F-5B aircraft for all groups and in the ASPT
for the two experimental groups,

F-5B Tests. Each subject flew twu flights in
the F-5B. The test profile was identical for both
flights and consisted of a total of nine bombing
patterns on each flight. The F-SB carries six
practice bombs; so, with three tasks, this resulted
in the delivery of two bombs per task per sortie.
One extra pattern was flown on each task so a
practice run could be flown: prior to the two actual
weapons deliveries.

Simulator Tests. The last two sorties in the
simulator were designed to give the subject the
same profiles on the simulated range that he would
fly on his two aircraft sorties. Each delivery was
graded using the same weapons delivery criterion
measure used on the aircraft data flights and
instruction was minimal. For the scored portions
of these flights, the winds were set to represent
conditions typical of the Gila Bend Gunnery
Range.
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Scoring Procedures

Although the same general approach was use-f,
real-world occurrences naturally beyond ex .
mental control made it necessary to use dighuy
different scoring procedures for the aircraft
criterion missions as opposed to the simulator
criterion missions.

F5B Tests. Ordnance dropped on the Gila
Bend Gunnery Range was scored by observers
positioned in towers near the bombing target.
Upon impact, a small powder charge in each
practice bomb discharged a puff of white smoke
which was easily visible, Observers in the two
towers used sighting transits to triangulate the
location of the bomb impact. The triangulation
readings were used to compute the distance of the
impact from the center of the tarpet, These
circular erro. scores were relayed via radio to the
aircraft after cach event, Maximum distance for
determining circular error was 300 feet, with any-
thing outside this limit being reported as
unscorable. These bombs were arbitrarily assigned
a score of 301 feet for purposes of analysis.

Occasionally a malfunction prevented a bomb
from releasing from the aircratt. These “no
release’ passes were rated by the instructor pilots
since the pattern was flown but no bomb score
was recorded. This was reflected in the analysis
with some subjects having fewer total opportu-
nities which were adjusted for mathematically, Of
the total of eight malfunctions that occurred,
there were seven in the Control Group, and one in
the Motion Experimental Group.

Simulator Tests. The simulator had a
theoretically unlimited number of bombs. Each
time the pilot released 4 simulated bomb, the
instructor received a graphical display of the bomb
impact on a cathode-ray tube which depicted the
target circle. He also received a printout of the
exact parameters so he could analyze and critique
the subjects’ performance. Since the computer was
scoring the bombs, there vere none recorded
“unscorable.” No release malfunctions occurred
during the simulatur training.

. RESULTS

The research performed in this study addressed
three objectives which may be simplified into the
following queations’

1. Does simulator training improve air-
tosurface weapons delivery skills in novice pilots?




2. Does simulator platform motion contribute
toany degree to such training?

3. Doces a fixed amount of simulator traimng,
affect nuvice pilots of higher versus lower ability
levels to the same extent?

The hypotheses tested in the analyses of results
were taken dircctly from these questions. (The
source tables for these analyses are glven in
Appendix b)) Accordingly, this scction is
organized to answer these questions in the order in
which they appear.

The remaining, dependent variable set, subject
questionnaite responses, is separately analyzed at
the end of the section. Because these data
consisted of subjective opinions, a quantitative
analysis was not possible, but where substantial
response concurrence occurred, it is identified and
reported.

Simulator Training Effects

The analysis of the ASPT training effects was
based on a scries of contrasts between the Control
Group (C) and the Experimental Groups (E; and
E;). The data collected made possible four
comparisons. The dependent variables used for
these comparisons were: number of gunnery range
qualifying bombs: number of gunnery range
scorable bombs, punnery range bomb dreular
error; and, instructor pilot ratings on F-SB flying
performance.

Number of (ualifving Bombs. A Chi-Square
was perfortred to test for significant differences in
the number of qualifying bomb deliveries made by
the C and bk groups. Using TAC criteria,
qualification was, defined as a cireular error of 105
feet, or less, for 10-degree und 1S-degree dive
angles and 140 feet. or less, for the 30-degree dive
angle. Both E groups were found 1o be signifi-
cantly better than the C group at the five percent
level of confidence (x2 = 6.99), Table 1 lists the
observed values and  percentages for the three
groups.

Table 1. Number of Qualitying
Bombs (Training Effects Analysis)

__..,_S_"_'_'l'!l."' R Missas
Number Parcantage Numbaer Percontaps
C 24 27 64 73
E, 4] 43 54 57
E, 42 44 54 50

Number of Scorable Bombs. Similar to the first
analysisy Chi-Square was used to test for significant
differences in the number of scorable (circular
error of 300 feet, or less) hombs delivered by the
C and E groups. Again, the E groups were signifi-
cantly better at the five pewent level of
confidence (x* = 7.82). Table 2 lists the observed
values and percentages fur the three groups,

Table 2. Number of Scorable Bombs

(Training Effects Analysis)
Scorabi Missas
Number Percontage Number Paroaniage
C 64 72 25 28
E, 82 86 13 14
E, 82 85 14 15

Bomb Delivery Circular Ernvr. Using the
circular error on bomb delivery tasks in the F-5B
aircraft as the dependent varlable, a Lindquist
Type 1 analysis of variance was conducted to
compare the C and E groups. The overall F value
was significant at the five percent level of
confidence (F= 439) and a Tukey Multiple
Comparison Test proved both E groups to be
super:or to the C group at the same level of
confidence. There were no significant differences
between the E, and E, groups. Table 3 lists the
observed means for each group on the three bomb
delivery tasks.

Table 4. Bomb Delivery Circular Error
Means (Training Effects Analysis)

10" dive anple 18° dive angle 30" dive ange
C 200 1 80/ 204’
E, 148" Ly 169'
¥, 138 144’ 159

Flying Performance Ratings. The same
Lindquist Type | design was employed to analyze
differences between the C and E groups where the
dependent measure was instructor pilot rating of
F.5B {lying performance. Although the E groups’
ratings were superior to thuse assigned the C group
at the 20 percent level of confidence, the F value
was not significant at the five pcrcent level (F =
2.36). Table 4 lists the mean ratings received by
cach group on the three bomb delivery tasks.
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Table 4. Flying Performance Rating
Means (Training Effects Analysis)

10° diveangle  13° diveangle  30° dive angle
C 4.6 489 49,4
E, $2.7 527 483
E, 494 $2.2 1.1
Platform Motion Effectz

Considerable effort was expended on the
analyses of possible simulator platform motion
effects. The results may be summarized at the
outset by stating that none were found, However,
since the issue s an important one for device
configuration, the lack of significant differences
and the extreme closeness of the two experimental
groups on the dependent measures were of
interest,

In addition to the dependent variables
previoudy used for C and E group contrasts, the
simulator data were also available for analysis. The
approach taken followed this pattern, analyzing
F-5B data first and simulator data second.

F-5B Data: Number of Qualifying Bombs. A
Chi-Square Test performed on the data given in
Table 1 found no significant differences between
the E; and E; groups (+ = 01). In fact, when the
hung bomb on one task is considered, the scores of
the two groups are identical,

F-SB Data: Number of Scorable Bombs, A Chi-
Square Test performed on the data given in Table
1 also showed no differences between the E, and
E; groups (x* = .03). Again, allowing for the hung
bomb in the E; group, the numbers are identical.

F-5B Data: Bomb Delivery Qrcular Error. The
Lindquist Type | analysis of variance resulted in
no significant differences (F = .06) between the
means of the two experimental groups (see Table
3).

F-58 Data: Instructur Pliot Ratings of Flying
Performance. As before, the analysis of variance
produced no significant differences (F= .03)
between the mean of the E; and E; groups (see
Table 4).

The analysis of the simulator training data for
the motion and no-motion experimentul groups
also fafled to yield significant differences. Four
analyses were run on this data. The first analysis
used bomb delivery circular error as the dependent
variable and was performed to determine if these
was an initial difference between the two groups.
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The second analysis used the same dependent
variable and was conducted to see if the groups
differed at the conclusion of their simulator
training. The third and fourth analyses paralleled
these initial and final comparisons but used air-
craft delivery parameters (airspeed, heading,
release altitude, Gload, and dive angle) as the
dependent variables in a multivariate analysis of
variance.

Initial Bomb Delivery Circular Fror. A
Lindquist Type | analysis of variance was
performed on the observed average bomb delivery
circular error recorded for each subject on his
initial six attempts on each task (i.e., 10-, 15-, and
30.degrec dive ungles). The results showed no
significant difference at the five percent level of
confidence (F = .61). Table 5 lists the ohserved
means for cach group on the three bomb delivery
tasks.

Table 5. Initial Bomb Delivery Circular
Error Means (Motion Effects Analysis)

li

10° dive angle 187 dive angls  20° dive angle
E, 189 178° 151"
E, 151 126 159'

Final Bomb Debivery Circular Error. The same
procedure was used to determine if the E, and E,
groups' final performance (eighth simulator
mission) on these tasks differed significantly. At
the five percent level of confidence this was found
not to be the case (F = .00). Table 6 lists the
observed means for each group on the three bomb
delivery tasks.

Table 6. Final Bomb Delivery Circular Error
Means (Motion Effects Analysis)

30" dive angle

10” dive angie 18" dive angle
E, 107 104’ 129"
E, e 86 13

Initial Aircraft Delivery Parameters. The basic
“'groups by tasks” design was employed tor the
multivariate analysis of variance performed on
aircraft delivery parameters observed for the initial
three simulator missions. Unlike the univariate
cases, there were five dependent variables analyzed
simultaneously. Rao's approximation of the
F-distribution provided the test of significance
(Tatsuoka, 1971). The result was an R-value of .28
which is not significant at the five percent level of
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confidence. The observed mean differences from
the ideal value for each aircraft parameter are

given in Table 7 for each experimental group and
task,

Table 7. Initial Aircraft Delivery Parameters (Motion Effects Analysis)

10° dive angle 15" dive angte 30" dive sngle

Heading 1.57° Heading 2.52° Heading 4.65°
Altitude 85.04' Altitude 55.10' Altitude 152.09'

E, Airspeed 5.61 kts  Alrspeed 595 kis  Airspeed 6.06 kts
G-Load A 8} G-load .225 G-load 31 B
Dive Angle 1.39 Dive Angle 1.05 Dive Angle 1.46
Heading 1.50° Heading 1.66° Heading 3.20°
Altitude 110.01’ Altitude 67.08' Altitude 111.50’

E; Airspeed 4.51 kts  Adrspeed 7.55kts  Airspeed 5.11 kts
G-load N 4§ G-load A 8§ G-load 33 §
Dive Angle 1.63 Dive Angle 83 Dive Angle 1.12

Flnal Aircraft Delivery Parameters. The analysis
of the aircraft delivery parameters observed on the
eighth simulator mission was identical to that used
above. As before, the test for significant differ-
ences was Rao's approximation of the F-
distribution, and the result was an R-value of 1.63.

This was not significant at the five percent level of
confldence. The observed mean differences from
the ideal value for each aircraft parameter are
listed in Table 8 for each experimental group and
task.

Table 8. Final Aircraft Delivery Paramters (Motion Effects Analysis)

10° dive angle 19° dive anpie 30" dive angle

Heading 139° Heading 1.85° Heading 3.21°
Altitude 8261 Altitude 98.71' Altitude 117.57

E, Alrspeed 3.37kts  Airspeed 4.24kts  Aimpeed 7.16 kts
Goad .l9§ G-load .19§ G-load .25§
Dive Angle 2.02 Dive Angle 97 Dive Angle 1.05
Heading 1.18° Heading 1.40° Heading 4.44°
Altitude 95.99' Altitude 73.11 Altitude 216.48'

E; Airspeed 3.73kts  Alrspeed 8.00kts  Airspeed 442 ku
G-load .07§ G-load A Ss G-load .26§
Dive Angle 2.64 Dive Angle 1.09 Dive Angle 1.63

Subject Ability Levels performed to answer this question. The first four

and Simulator Truining

It seemed reasonable to hypothesize that train-
ing in the ASPT would improve air-tosurface
weapons delivery skills, but an interesting
corollary question is: Who profits most? Is such
simulator training more advantageous for the
novice pilot of superior ability or for the novice
pilot of inferior ability? Eight analyses were
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of these analyses were based on data collected in
the simulator; the second four used data collected
during the aircraft sorties.

Simulator Data, Using the Lindquist Tvpe I
design, four univariate analyses of variance were
conducted to determine whether ASPT training
was more beneficial to the subjects rated as the
upper one-half or the lower one-half of the class




from lead-in traming. For all of these analyses,
hamb delivery oncular crronr served  as the
dependent variable.

The first analysis investigated the initial
digparity in weapons delivery skills between the
upper one-half” and lower one-halt groups. It was
rather surprising to find that the groups did not
differ signiticantly ut the five pereent level of
conftdence (V= 5B). Table 9 gives the initial
attempts observed means for each group on the
three bomb delivery tasks studied.

Juble V. Initia) Bomb Delivery Circular
Error Meuns (Student Ability Analysis)

10" dive angie 13" dive anglu 30" dive angle

152
158’

114"
187"

178
174!

Upper 172
Lower 1/2

At the conclusion of the simulator training,
however, there was a definite difference in degree
of skill shown by the two groups. The F-value
equaled 3.14 and was significant at the five per-
cent level of confidence with a directional
hypothesis. Table 10 gives the final attempt
observed means for each group on the three bomb
delivery tasks.

Tahle 1. Final Bomb Delivery Circular Eeror
Means (Student Ability Analysis)

10” dive angle 15" diva angie 30" dive angie

resulting Fovalue ot 12315 wus sipnificant at the
five percent level of contfidence. When the same
analysis was run on the lower one-hylf group, the
Fevalue was not significant at the five percent level
(F=195%).

Aircraft Data. Four analyses on upper one-half
versus lower one-half subjects were run using the
data from the F-3B sorties as the dependent
varinbles, The first analysis wus a Chi-Square Test
on the number of gualifying bombs delivered by
the two groups. The resulting Chi-Square value of
1.57 was not sipgnificant at the five percent level of
confidence (Table 12),

Tuble /2. Number of Qualifying Bombs
(Student Ability Analysix)

Qualitying Misses
Mumber Percentagse MNumber Parcentags
Upper 1/2 46 48 S0 52
Lower 1/2 n k] hH] 61

The second analysis was essentially a repeat of
the first, except that number of scorable bombs
was used as the dependent variable. Again, the
Chi-Square ‘Test was not significant at the five
percent level (x* = 1.16). Table 13 gives the
observed values and  percentages for the two
groups.

Tuble 13, Number of Scorable Bombs
(Student Ability Analysis)

Upper 172 o' 96! 1810y Scorable Misess
o ' '
lLower 1/2 (RN 94’ 15% Number Percentage MNumber Parcentage
The percentage of improvement demonstrated Upper 1/2 83 KR 1 12
in vach task was computed for the two groups, Lower 1/2 79 B3 16 17

Table 11 presents these data. The “average™
improvernent was 30 percent for the upper one-
hall group and 26 percent for the lower one-half
Rroup.
Tuble 11, Percent Improvement in Bomb
Delivery Circular Error (Student
Ability Analysis)

10" dive angle 18” dive angie 30" dive angle

Upper 12
Lower 1/2

464
247

28%
Ry

16%
S0r4.

To see if the improvement shown by the upper
one-half group was significant, Lindquist Type 1
analysis of varignce was performed on the initial,
as contrasted to the tinal, circutar error scores. The

[

When bomb delivery circular error was used as
the dependent variable, the Lindquist Type 1
analysis of varianee resulted in an Fvalue of |73
which was not significant at the five percent tevel
of confidence. Table 14 gives the means for cach
group on thie three bomb delivery tasks.

Table 14. Bomb Delivery Circular Error
Means (Student Ability Analysis)

10" dive angie 13" dive angle 30" dive angle

1y
154

162
14y

Upper 1/2
Lower 1/2

143
R4’




The same desipn was used to evalaate instructor
pilot ratings of F-SB fying performance tor the
two groups, The resulting Fvalue of 1,22 was not
significant at the five percent level of confidence.
Table 15 lists the means ratings received by each
group on the three bomb delivery tasks.

Table 15. Flying Performance Rating
Means (Student Ability Analysis)

10" dive angle 15" dive angle 30" dive angie

Vipper 1/2
Lawer 12

527
49,4

511
S4K

2
46.7

The end result of these four analyses was that
although none individually reached the five
percent level of confidence, when viewed
collectively, they offered strong evidence that it
was (he superior students who gained most from
the dmulator training, The outcomes of all {our
analyses were in the same direction. When the
actual probability levels of the Chi-Square and
F-Test were taken into consideration, the level of
confidence reached was far beyond the five per-
cent point,

Questionnaire Analysis

The open-ended questionnaires were naturally
not gmenable to quantitative analysis but did
provide a valuable source for insights into the
subjects’ attitudes and opinions about the
program. Although the feelings ¢xpressed by the
subjects were sometimes diametrically opposed to
one another, there was considerable consensus as
to the program components on which comments
were made. This result was interpreted as the
significant findings revealed by the questionnoire.
The statements listed below comprised the essence
of the point {ur counterpuint) reported by 25
percent, or more, Hf the subjects.

1. “In general, it was o good program and the
training was highly beneficial.” This opinion was
expressed by nearly all subjects. None reported
negative feelings.

2. “The objectives of the program were well
explained.” Subject opinion was unanimous on this
point.

3. "The orientation to the F-5B was spurse.”
Many subjects believed they could have performed
better on the punncry range if there had been
niore time o fly and become Familiar with the
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F-5B. This is most probably true, but study
constraints could not allow additional sortices.

4, “More would have been learned if the
simulater sortie were 1.5 hours in duration rather
than 1 hour.” Of the subjects who addressed this
point, one-half favored the Iqnger training session,
but the other half desired shorter sessions with
interspersed breaks.

5.-“Two F-5B rides were not enough to
demonstrate what was actually learned in ASPT.”
Due to the different flight characteristics between
the ASPT and the F-5B, some subjects believed
their gunnery range performance was degraded
because they had not fully readjusted to the air-
graft,

6, “The flight characteristics of ASPT should
more closely resemble those of the F-5B." This
comnient is merely a restatement of the previous
point.

7. “There should be more simulator rides with
higher winds.” This desire for more simulator
training reflects favorably upon the perceived
value of the program,

8. “The sight picture should be emphasized in
the simulator training.” This observation should be
implemented in future ASPT rescarch applications.

1V. DISCUSSION

Because the study was so basie, its method-
ology so in conformance with typical Air Force
training operations and the results so clearcut,
there s little to be udded 1o that already
presented. Therefore, this section will consist of
only a few brief’ statements summarzing the
effects of generalized uir-tosurface simulator
weapons training, sinndator platform motion, and
student ability as a variable in simulator training.

Simulator Training

The answer to the guestion, “Does generalized
sir-tosurface sittulator weapons delivery training
transter to a specitic wireraft? is an unqualified
“yes.” Perhaps the most itiportant aspect of this
result, in terms of its implications for simulator
and training program dusign, is the fact that the
ASPT was configured as o T-37 (with a sighting
device) and still there was significant tranfer of
training to the F-5B. Although the finding that a
low fidelity device can provide considerable
trafning when properly employed s not new




(Prophet & Boyd, 1970), the study was 4 rather
striking confirmation of the point.

Thete is littie doubt that the training given by
the program was highly beneficial to the novice
pilots who served as subjects. Both the control end
experimental groups gained valuable experience in
gir-tosurface weapons delivery with the experi-
mental groups receiving the most,

Platform Motion

It is impossible to prove the null hypothesis,
but the results of the study show unequivocally
that six-degrec-of-freedum platform motion did
not enhance the training value of the simulator,
Considering the acrial weapons delivery task, this
is not a suiprising finding, The task is primarily
visual, and motion (or movement) serves only as
an alerting stimulus to the pilot.

The fact has significant ramifications for
simulator design. The deletion of platform motion
requirements for air-to-surface simulation would
have enormous cost-avoldance consequences, 1t is
believed that a G-seat and G-suit (with appropriste
stick and pedal ‘“'shukers™) would provide all
necessary “motion”™ cues necded for this simula-
tion

Student Abhility

In this study, it was the better novice pilot who
profited the most from the ASPT training. In
respect to their demonstrated weapons delivery
skills, the upper one-half and lower one-half
groups of student started statistically equal. At the
conclusion of the simulator training, however, the
upper one-half had made significant improvement
(at the five percent level of confidence) from its
starting point. Although the average performance
of the lower one-half had also improved, it was not
significant at this level of confidence.
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The fact that the hetler student usually profits
more when given fixed amounts of practice and
receives the greatest benefits from innovations in
training and education is a fairly common observa-
tion. The same general finding also occurs even
when the content of the training program syllabus
remains constant, but new media are introduced to
convey this subject matter. That the present study
was no exception to this general rule adds face
validity to the results obtained.

V. PERSPECTIVE

The study was performed to answer three
questions dealing with the role and effects of
simulation when applied to training the acquisition
of air-to-surface weapons delivery skills in novice
pilots. Further, in order to produce results of
strong generalization, the study was conducted in
a manner that was completely realistic from an
operational viewpoint,

Although only 24 individuals were. used as
subjects (eight each in a control and two exper-
mental groups), the treatment effects were so
powerful that clear-cut results emerged.
Consequently, the findings of the study may he
briefly summarized in the following three
statements:

1. Conventional air-to-surfuce weapons
delivery training, as accomplished using
low-fidelity simulation, has significant transfer to a
specific aircraft.

2. Six-degree-of-freedom platform  motion
does not contribute to this highly ecffective
training.

3. Novice student pilots of greater (as con-
trasted to lesser) initial ability Yenefit most from
such simulator training when ¢ minimum fixed
number of trials is used.
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APPENDIX A: BOMB DELIVIRY PARAMETERS AND TASK PATTERNS
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APPENDIX B: STUDENT QUESTIONNAIRES
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NAME :

DATE

2a.

ID NUMBER:
: GROUP:
Total number of flight hours:
a. A/C type: f1ight hours:
b.
c.
d.

Total number of simulator training hours:

a. Siiulator type: training hours:
b.

c.

Were the training objectives of this special program clear to you:

bl

What, if anything, was not clear?

32,

Was the instruction well managed and presented?

4a.

. If not, what areas would you change?

Were there areas of instruction you felt were incomplete?

e




b.

5a.
b.

If so, what were they?

Would you add anything to this special program?
If so, what?

ry)




APPENDIX C: MANAGEMENT TRAINING SCHEDULE
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MANAGEMENT SCHEDULE

Academics

Training Days
T c__ 3 4 5 6 7

Control Group
Experimental Groups

Simulator Sorties
Experimental Groups

Aircraft Sorties
Control Group

1,2 2
1

1,2 3,4 5,6 7,8

Experimental Groups 1 2
CONTROL GROUP
~MONDAY TUESDAY WEDNESDAY )
0900 Bldg 558 0600 Pilot 1 GAl Pilot 2 GA2
Conf Rm IP 1 Ir ]
1000 GA Review Pilot 2 GAl Pilot 1 GA2
IP 2 IP 2

1100  Hospital

F1t Surg
1200 Lunch
1300 F-5 Brief

Bldg 42

IP 1 Capt Seymour
IP 2 Capt Hukee

Pilot 1 Hargarten
Pilot 2 Hamilton
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APPENDIX D: SIMULATOR TRAINING SCHEDULE
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NAME :

ASUPT GA1
DATE:

IP NAME:

15 min

TIME:

INIT 005

Demo
Reset
Demo

Reset

Reset

Demo

Reset

FAMILIARIZATION/10° HIGH DRAG

1 Free f1ight - acro, trim checks

100 knots to 300 knots

1 Part task 10 deg

4 Part task 10 deg

1 Part task 10 deg

1 Part task - Record

1 Playback

2 Part task 10 deg _—

1 Full pattern 10 deg

6 Full pattern 10 deg (Repeat Demo once.)

(One Record/Playback.)
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NAME :

IP NAME:

1

]

INIT 093
Continue

Reset
Demo
Reset

Reset

Demo

Reset

Init 091

Continue

N s e = I =

ASUPT GA2
DATE:
TIME:

15° HIGH DRAG

Part task 10 deg
Full pattern 10 deg

Part task 15 deg
Part task 15 deg
Part task 15 deg

Part task - Record

Playback
Part task 15 deg

———— S—————

Full pattern 15 deg

Full pattern 15 deg (Repeat Demo once.)
(One Record/Playback.)

Full pattern 10 deg

Full pattern 15 deg

n




NAME :

IP NAME:

INIT 091

Continue

Demo
Reset
Demo
’ Reset

Reset

INIT 091
Continue

Continue

N s = = B s

ASUPT GA3
DATE:

TIME:

30° DIVE

Full pattern 10 deg
Full pattern 15 deg

Part task 30 deg
Part task 30 deg

Part task 30 deg
Part task - Record
Playback

Part task 30 deg

Full pattern 30 deg

Full pattern 30 deg (Repeat Demo once.)
One Record/Playback.)

Full pattern 10 deg

Ful! pattern 15 deg

Full pattern 30 deg
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NAME :
IP NAME:
INIT 091
Continue
— Continue
1
Demo
Reset
P

ASUPT GA4
DATE:

TIME:

WIND ADJUSTMENTS

Full pattern 10 deg
Full pattern 15 deg
Full pattern 30 deg

10 deg - 090/10
Full pattern 10 deg, 0¢0/10

Full pattern 10 deg, 360/10

Full pattern 10 deg, 045/10

Full pattern, 15 deg, 090/10
Full pattern, 30 deg, 090/10

k1)




ASUPT GAS
NAME : DATE:

IP NAME: TIME:

WIND ADJUSTMENTS

INIT 091 2 Full pattern 10 deg 270/10
2 Full pattern 15 deg 270/10
. 2 Full pattern 30 deg 270/10
10
3 Full pattern 10 deg
3 Full pattern 15 deg
3 Full pattern 30 deg
30
INIT 093 2 Full pattern 10 deg 225/20
2 Full pattern 15 deg 225/20
2 Full pattern 30 deg 225/20
0
INIT 091 2 Full pattern 10 deg 315/10
2 Full pattern 15 dag 315/10
2 Full pattern 30 deg 315/10
50 e
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NAME :

IP NAME:

INIT 091

L
INIT 091

K-
INIT 091

ASUPT 6

WIND ADJUSTMENTS

15 deg no wind

DATE:
TIME:

30 deg no wind

10 deg 290/5

15 deg 290/5

30 deg 290/5

10 deg 110/16

15 deg 110/15

30 deg 110/15

»




ASUPT 7
NAME : DATE:

IP NAME: TIME:

BOMBING FOR QUALIFICATION

TEST
INIT 091 1 10 deg (dry) 310/10
2 10 deg 310/10
1 15 deg (dry) 310/10
2 15 deg 310/10
’ 1 30 deg (dry) 310/10
2 30 deg 310/10
i
Practice
INIT 091 3 10 deg 135/25
3 15 deg 135/25
3 30 deg 135/25
K
INIT 091 3 10 deg 045/5
p
3 15 deg 060/ 12
3 30 deg 090/15
[

38




ASUPT 8
NAME : DATE.
IP NAME: TIME:
BOMBING FOR QUALIFICATION

TEST

INIT 091 1 +10 deg (dry) 030/8
2 10 deg 030/8
1 15 deg (dny) 030/8
2 15 deg 030/8
1 30 deg (dry) 030/8
2 30 deg 030/8

am— —_—

Practice

INIT 091 3 10 deg 110/10
3 15 deg 110/10
3 30 deg 110/10

30

Test

INIT 091 1 16 deg (dry) 240/10
2 10 deg 240/10
1 15 deg (d'y) 240/10
2 1§ deg 240/10
1 30 deg (dry)240/10
2 30 deg 240/10
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APPENDIX E: ANALYSIS OF VARIANCE SOURCE TABLES

40




Source
Betwean-Sub jects
B
error (b)
Within=Subjects
A
AB
error (w)

Total

Source
Betwean~Subjects
B
error (b)
Within=Sub jects
A
AB
error (w)

Total

Training Effects Analysis

Bomb Delivery Circular

rror

Source Table
dar 38
23 112893
2 33264
21 79629
L8 13431,
2 6537
L 188,
b2 125892
" 2),7208
::a!ning Effects An2lysis
YIS Gource Tagte
ar 8s
17 593
2 141
15 L51
36 1125
2 5b
L 132
30 939
b %) 1718

41

4908
16632
3791
2798
3268
471
2997

F=value

be39

1.09
16

F~value

2.36

86
1.06




o

Motion Effects Analysis
Bomb Delivery Circular Error

Source Table
Source afr 33 MS F<value
Between-Subjects 15 66277 INAL
B 1 261 261 .06
error (b) 1, 66016 L715
Within-Subjects 32 73287 2290
A 2 5054 2527 1.05
AB 2 8 3N W16
error (w) 28 67,85 2,10
Total Lt 139565

Motion Effects Analysis
Flying Performance Rating

Source Table
Source ar 88 MS F=value
Between=Subjects 11 L0l 36
B 1 1 1 .03
error (b) 10 400 4O
Within-Subjects 2 716 29
A 2 L5 22 T
AB 2 55 27 89
error (w) 2 616 30
Total 35 1118
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1t ot S P TSy

Motion Effects Analys?-
Initial Bomb Delivery Circular Error

Source Table

Source df 88 MS
Between=Subjects 15 196744 13116
B 1 8342 8242
error (b) 14 188502 13464
Withln=Subjects 32 203345 6354
A 2 3159 1579
AB 2 T3 3721
error (w) 28 192742 6883

Total W7 400089

Motion Effects Analysis
Final Bomb Delivery Circular Error
Source Table

Source af 88 M3
Between~Subjects 15 43853 2923
B 1 o5 o5
srror (b) 14 43852 3132
Within=Subjecte 32 5827L 1821
A 2 10594 5297
AB 2 2237 1118
error (w) 28 L5442 1622

Total L7 102127
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F=value

61

023
«Sh

Favalue

»00

3 0'26
+69




or->d>¢o*
T000°>d
g6°>d>6°

SnTBA~g

- d
§=aty

T=(4d) =spe(1+9 +d)z/1-q +9,=u

K1e9918° T 66€8L229° av

gallszoz c1 (4407144 4 &4 v

1selele’ T6298.8° |
mTes—y enyes— v

SIoj9weIey AIOATI9] [eTIIU]

S

0} v

- -n~>ﬂ d T =

Aﬂ..,% =] )d ~v T+ 2 ~= Sv-1 ¢
\ ﬂ? 1

JUCTIQEIFSTP=] 9ewpxoxdde 5,0y

*V JO JOJBUMmMOUSD 343 JO WI9] ISITJ g UT

pareadde xtayew 4oss Y3 Jo Jp 9y} ST 4, ! vJo Jo1ermNm 9U3 UT XTIIBW J43SS Y3 JO JP 9Y3 ST 9, ¢ = g oaoyn

(89*0T) 89 z 9 8z doss+TVaoss1/1(M) > g085 z Taoss gy
(89°0T) 89 z 9 8z doss+¥30ss1/1 (") 33065 z  Yaoss v
(01%) z I ST " aoss+830551/1{9) g95g 1 Yoss g
T + ¢ o4 *qq) qod s o EN SN[ BA-Y 13 doSS  Jopoeg
yd T+ 2 —eu ga
qgd

aTqe] Areummng

QOUETIBA JO STeATeUy 9PTIBATITOH

sisAteuy $339433 uoijoy




ednoxy =g

Xsop =Y

m8 . VQVH8 . §M§ b ﬂ .-Ngotngo av
1000 TI6YTL09°L Lzl v

WNO &VH . N&R&N@oﬂ mmﬁsﬁhm * g

onTes—g snreA-yg T v
TIojeweatg LSeATIeq (odTd

(3209)
oTqe] LIewmng 9JueTIEp JO STSATBUY SELIRATITUN

sisAjeuy S333533 UOLIOW




Source
Betwesn-Sub jects
B
error (b)
WithinwSubjects
A
AB
srror (w)

Total

Source
Between—Subjects
B
error (b)
Within=Subjects
A
AB
error (w)

Total

Student Ability Analysis
Initial Bomb Delivery Circulur Error

15

1,

32

28
L7

Student Ab111ty Analysis
Final Bomb Delivery Circular Error

15

14

32

28
L7

Source Table

ss
187840
25
180415
205345
5817
14111
185416
393185

Source Table

46

S8
43853
8034
35818
58274,
10594
4725
L2954
102127

12522
25
12886
6417
2908
7055
6622

2923

2558
1821
5297
2362
1534

Fevalue

.58

obdy
1.07

Fwvalue

3.14

3ek5
1.54




Student Ability Analysis

Upper 1/2 Initial Versus Final Circular Errcr
Source Table

Source af Ss MS
Betwoen=Sub jects 15 56202 3746
B 1 27217 17217
error (b) U 2898L 2070
Within-Subjects 32 65163 2036
A 2 9206 4603

AB 2 8293 L146
error (w) 28 L7664, 1702

Total L7 121366

‘Student Ability Analysis
Lower 1/2 Initial Versus Final Circular Error

Source Table

Source daf gs M3
Between-Subjects 15 213336 14222
B 1 26086 26086
error (b) 1 187249 13374
Within=Subjects 32 198455 4201

A 2 2023 1013
AB 2 15726 7863
error (w) 28 180706 6453

Total L7 411792

47

F=value

13,15

2,70
2044

F=value

1,95,

16
1,22




e

Source
Between=-Subjects
B
error (b)
Within=Subjects
A
AB
error (w)

Total

Scurce
Between=Subjects
B
error (b)
Within-Yubjects
A
AY
error (w)

Total

Student Ab{11ty Analysis
Bomb Delivery Ciroulgr %rror

Student Ability Analysis
Flying Performance Rating

11

10

A U.8. GOVERNMINT PRINTING OFFICE: 1877 - T71-087/48

Source Table

8s
58544
2914
55630
78221
5966
12138
6016
136765

Source Table

48

8s
401

353
716
45
121
550
1118

3902
2914,
3973

2983

6069
2147

36
4,3
35

22

27

F=value

o7

1.29
2,83

‘mvalue

1.7

.83
2,20




