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INTRODUCTION

Purpose

The principal.objective of this evalua-
tion is to measure the training effectiveness
of an -advanced training concept using an Auto-

- mated Flight Training Systen (AFTS) GCA

Module. - This module, developed by Logicon,
Tnc., was installed at NAS Chase Field, Bee-
ville, Texas for use with a TA-4J 0perationa1
Flight Trainer (Device 2F90).

In addition to training effectiveness,
per se, curriculum design and its effect on
cost-effectiveness of student training will be
examined. -As a result -of the reset capability
of the GCA module, it is possible to run a
greater number of students and cover more mate-
rial in a shorter pericd of time than with
conventional wethods. Substitution of trainer
time for ground control approach flight train-
ing will also be investigated.

Comparisons of training with the GCA
module and with convertional technigues will
be made. In addition, a transfer of training
evaiuation will be made to determine how
learning by the different techniques is
carried over to the operational situation.

Background

The Naval Training Equipment Center has
been involved in a continuing project of pro-
grammed and adaptive training. Digital com-
puter technology and advances in performance
measurement techniques have provided a means
for implementing these training concepts.

The advantages of automated adaptive
training include standardization of instruc-
tion, progress tailored to match the indivi-
dual's abitities, and objective performance
measurement. Additionally, costs could be
decreased by reducing the number and required
experience level of the instructors.

. An exploratory study was conducted in
1971 {o demonstrate the feasibility of imple-

menting an automated adaptive training program

(Charles and Johnson, 1972). Automated ground
controlled approach and emergency procedures
tasks were implemented on. the NAVTRAEQUIPCEN
Training Device Computer {TRADEC) and tested
with operational pilots. The results demon--

- strated the feasibility of automated
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training and its acceptance by operational
parsonnel.

What remains to be done is an evaliuation

of the GCA module in an cperational flight trainer.

trainer. The TRADEC facility uses a Xerox

. Data System Sigma 7 computer and peripherals.

Since Device 2F30 also uses XDS equipment, the
Sigma 5 and peripherals, it was 4 candidate. for
2 transfer of the original TRADEC implementa~
tion.

Training Requirements Analysis

The ground controlied approach was ana-
Tyzed in depth to determine the training
tasks and support functions required. Stan-
dard teranology was collected and. fapes of
actual F-4 GCA's were recorded and reviewed.
Handbcoks on the F-4 and GCA systems includ-
ing the SPN-35 and SPN-42 systems were stud-
ied. Additionally, human factors research
on carrier landing system performance
(Brictson, 1966-1971) was reviewed.

System Description

The trainer provides full support to
student and instructor by performing all
routine functions including syllabus and
trainer configuration control automatically
until overridden by instructor input or stu-

- dent needs.

The implementation requirements for the
GCA module include the following- hardware
systems: .

a. A stored training program

b. Voice generation system

¢. Graphics display terminal

‘d. Printer terminal

e. Interface w1th the basic trainer.

Integration of the GCA module did not
require modification of the design of the
existing Device 2F9C," The automated training
hardware interfaces with the basic 2F90 simu-
lation program as shown in figure 1.

The Cubic Corp.i“DIGITALK"'speech gene-
ration system assembles a fixed vocabulary

_into phrases and sentences under computer

control. This equipment provides the GCA
voice command input requirement. - The voice
system generates words and phrases and as-
sembies them into the standard GCA
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phraseology for approach control. This system
also - provides the voice command input for
Teedback and diagnostic messages concerning
student performance.

A graphics CRT (Tektronix Display Termi-
nal Model 4010} and a 1ine printer (Tally
Corp. Model 2000} with keyboard are located
near one of the {nstructor stations of Device
2F90. The resuits of each approach are out-
put to this display subsystem. The CRT pro-
vides a time plot of each approach in the
format of a GCA Precision Approach Radar (PAR)
display, i.e., a vertical profile of aircraft
position with respect to the glide slope,
and a horizontal profile of aircraft position
with respect to course. The printer provides
a hard copy summary of conditions and per-
formance for each approach.

PERFORMANCE MEASURES

As the GCA has very definitive perform-
ance requirements, measures related to opera-
tional performance appear feasible. Two sep-
arate scores are used. The first refiects
performance during the run (path measures);
the second reflects position relative to the
runway at the end of the control phase of the
PAR (gate measures).

Scering

The performance measures include about

15 path measures and 5 gate measures. These
are combined to provide a single score for

the adaptive scheduling pian. Figure 2 illus-
trates the basic Togic developed for final
scoring. In effect, a path score is computed
for all runs. If successful, a gate score is
computed and combined with the path scores

for a total run score. If the run terminates
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System Interface

in a wave-off or a crash, the path score is
adjusted to compensate for the position of
run completed. .

THE PRELIMINARY STUDY-

- An initial study was performed during in-
stallation, checkout, and preliminary evalua-
tion of the system. This provided an oppor-
tunity to train instructors and check pro-
cedures. Procedures were modified as a result
of this initfal study and a better grasp of

‘the variability within and between students

was obtained. A rough estimate of these
variances was helpful in estimating the number
of subjects required in the groups being
tested. A present estimate of the number of
subjects in each group is 20. In essence,
this study provided information upon which to
refine the main experiment in a manner which
will -increase the probability of producing
meaningful resuTts with a minimum expenditure
of time and money.

- EXPERIMENTAL DESIGN

Experimental and Control Groups )

The Trainer Experiment: One éxperimental
and one control group 1s being used. The experi-
mental group is being trained using the Auto-
mated GCA concept. The control group is being
trained in the conventional manner (i.e., with
instructor and present syllabus as per CNATRA
Instruction 1542.204, 6 July 1973). In each
case, training is to proficiency, and the
automatic performance measurement capabilities
of the GCA module are used in addition to
‘instructor scoring.
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‘Two operation modes are available: a man-
ual mode and an automatic mode. The automatic
mode is -implemenied as the default mode; i.e.,
the automatic mode will appear as the selected
mode when the system is energized. Both modes
are similar in that they provide GCA training.
However, the automatic mode provides for fully
automated training with adaptive sylabus con-
trol and simuTated GCA controller. -

The'manual mode requires that the instruc-
tor enter the conditions for each GCA approach
and act as the GCA controller. In both modes.
performance measurement is provided. Table 1
summarizes the two modes. o

Since the primary purpose of the GCA
training mode is to provide as much training
as possible in the final approach phase, stu-
dents ares not required to fly a complete pat-
tern for each approach. Instead, the aircraft
is repositioned to base leg after completion
of the approach or waveoff for -all but minimum
fuel approaches. For minimum fuel approaches,
the aircraft is positioned to downwind leg
after completion of approach or waveoff. ’

The GCA training mode is normally -initia-
ted from an "in-Tlight’ condition. When air-
borne and the 'in-flight' condition is at-
tained, the student is 'cleared' {audio
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instructions) to a specific heading and alti-
tude (200 feet, straight ahead}. The pro-
gram detects the aircraft reaching the speci-
fied aititude and repositions the aircraft to
one of two geographical locations depending on
whether the approach is to be normal or a
minimum fuel approach. The initialization
point Ffor the normal GCA is on base leg, 5
miles from the turn to firal and 9 miles from
touchdown. Heading and altitude is initiali-
zed at 040 degrees and 2000 feet. [t is as-
sumed that the aircraft will be in a clean
condition, although the aircraft configuration
is not critical. The initialization point for
the minimum fuel approach is 5 miles from
touchdown and. 4 miles offsat on a heading of
310 degrees and an altitude of 2000 feet.
Table 2 summarizes these initial .conditions.

During both modes, the instructor fis not
permitted to view the AFTS Instructor's Ter-
minal where the Tektronix Display is located,
as this would provide pictorial information
for student feedback and evaluation which .
would not normally be avajlable to him. At
the end of the run, in both manual and auto-
matic modes, the experimenter takes a photo-
graph of the display trace {figure 3) using
a Tektronix C-10 oscilloscope camera.



TABLE 1.

COMPARISON OF AUTOMATIC AND MANUAL MODES

Function Automatic Mode Manual Mode "
Student file creation Manuval entry Manual entry
Student file retrieval Automatic Automatic
Level select Automated-adaptive Enter each pass
Initialization Automatic Automatic on tevel select
Vector to final Automatic Manual
Final controller Automated Manual
Performance measurement Automatic Automatic
Performance feedback Automatic Manhual
Hardcopy of performance Automatic Automatic
Student file maintenance Automatic Automatic
TABLE 2. ENITIALIZATION LOCATION

Parameter Normal GCA Minimum Fuel GCA

Latitude 280. 23" N 28° 21* N

Longitude 97° 50° W 970 45' M

Heading 040° 310°

Altitude 2000 2000"

The Transfer Experiment: After completion
of GCA traiming in the Device 2F90, the evalua-
tion of the students who participated in the
experiment is continued into the flight train-
ing phase in order to assess their performance
in the operational situation {i.e., GCA field
landing practice). An ATJ Addendum for GCA is
filled out by the instructor pilot on a knee
pad during flight in the TA-4J aircraft. The
information contained in this form is similar
to that which is on the ground trainer Tektro-
nix display. This permits a direct comparison
of ground trainer performance with flight per-
formance. In addition, voice recordings of
the GCA controllers are recorded on cassettes
for analysis and correlation with the ATJ Ad-
dendum. Identification of a particular
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student fiight tape recording for transcrip-
tion to a cassette is made by noting the

time of fiight and communications channel num-
ber. Tapes are held for ten days at the GCA
radar shack and identified by date, time,
channel, and frequency.

The first GCA field landings made at the
end of the BI Stage {BI-9, 10 and 11) are
graded and cassette recordings made. The num-
ber of times the controller reporis the stu=
dent off course and off glide slope will be
extracted from each tape. It Is also possible
to reconstruct the trend of the path by plot-
ting the reported commands on profiles like
the ones on the ATJ Addendum. . However, if
it is found that variations among. ground
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controllers are wide enough to make the report-
ed deviations suspect as student performance
data, this method will be discontinued. Pho-
tography of the scope traces at the GCA con-
trol tower is another approach that was in-
vestigated; however, interference with con-
troller performance and administrative probilems
prevented the use of this method.

The best techniques derived from BI Stage
scoring will also be applied to the GCA field
Tandings at the end of the RI.Stage (DI-12
through 17X) and possibly at the end of the AN
Stage (AN-9 and 10X). However, it is expected
that the effects of simulator training will
"wash out" after the first few air ‘trials.

When the data indicates that this point has
been reached, this part of the data collection
effort may be discontinued.
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Selection and Assignment of Subjects

It is anticipated that two matched
groups of 20:students each will be required
for the experiment. Matching on the basis of
basic grades and previous flight experience
is normally accomplished by selection of stu-
dents from VT-26 (basic students) for assign-.
ment to squadrons ¥T-24 and VT-25. However,
since only about 25% of the total student
population coming into the pregram will be
used, this smaller group must be matched. The
four students selected are matched as closely
as possible. As an added precaution in pre-
venting a bias from the influence of indivi-

" dual squadron training, the students are as—

signed to the control group and experimental
group from alternate squadrons each month, as
shown in table 3.

One effect of the matched groups design is
to reduce the extent to which experimentai



TABLE 3. SQUADRON ASSIGNMENTS

Month Control Group Experimental Group
Group 1 ¥T-24 (2 students) VT-25 {2 students)
Group 2 VT-25 ¢ VT-24 "
Group 3 VT-24 ¥ yT-25 "
Group 4 VT-25 " VT-24 "
Group 5 VT-24 " yT-25 "
Group 6 VT-25 “ VT-24 "
Group 7 VT-24 " V¥T-25 "
Group 8 VT-25 " VT7-24 "
Group 8 VT-24 # VT-25 *
Group 10 VT-25 " VT-24 "

differences result from differences between
groups.  With ideal matching, each group
would be alike and, therefore, an experimental
effect, no matter how small, should be detect-
ed. In actual practice, of course, matching
is never this accurate. Even if the students'
basic grades were identical, other differences
might make them perform differently to the
experimental conditions.

Performance Evaluation

To assess the training value of the GCA
Module on Device 2F90, the performance of the
students in the experimental and control
groups will be compared. Performance data on
the simulator will be extracted from three
sources: (1) the computer printout {in both
manual and automatic modes); {2) instructor
scaoring (in both manual and automatic modes);
and {3) Tektronix display photographs. These
data will srovide a basis for comparison of ™~
automated performance assessment with instruc-
tor subjective evaluation on the training de-
vice.” A problem may arise at this point as to
the validity of each type of data. Although
it is hypothesized that correlations between
measures and subjective ratings will be high,
they may, in fact, turn ocut to be Tow.

The use of instructor ratings as inmitial
guidelines in the development of measures is
vaTuable, and a great deal of insight to the
measurenent problem can be gained by examina-
tion of subjective ratings. However,
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subjective ratings lack reliable standards and
and rating-standardization. Another approach
is to validate measures using within-subject
sampling. With this approach, the assumption
is that learning will be reflected by student -
advancement in diffieulty level. Individual
measures should show performance improvement
through their trends from the first practice
trial through the last training session for
each student. If improvement is evident from
the students' performance data, the validity
of the measures will be substantiated despite
any lack of subjective ratings.

Performance data of actual TA-4J GCA's
of students in both the experimental and con-
trol groups will be used to compare in-flight
performance of both groups. In addition,
this data will provide a comparison of simula-
tor performance with Tn-flight performance
for the two groups.

A summary of the grading scheme is shown
in table 4. Note that the experimental and
control groups are treated alike in. methods
of scoring. Automatic grading and instructor
grading are both used to evaluate student per-
formance. . T -

In figure 4, the relationship of the var-
ious data sources: used in the study are shown.

Several statistical methods will be used
to describe and compare the measurement data
derived from the experiment. Tests will be

®



TABLE 4. GRADING SCHEME
SIMULATOR ATRCRAFT
Automatic Instructor Instructor Controller
Grading Grading Grading Voice Tapes
Exper. Group X X X
Control Group X X X
- Tektronix ATJ & Controller
Display -~ Compare}—{  Addendum < Voice
(Photographs) Recordings
Simulator A/C & Simul. A/C
C~Group X-Group C-Group X-Grou
Manual Auto
I——(Compare)——J . —{Compare }-
{Compare)
Computer
Printout
Simulator
C~-Group X~Group
Manual Auto

L——-{Compare}—-—-

Figure 4.

Use .of Data Forus
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