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BACKGROUND

Since the early days of flying, flight
sfmuTators have been in use and their value
has been amply demonstrated. Flight simu-
lators have evolved from the Link Trainer,
which was widely used for pilot training in
the Second World War, into precisely en-
gineered devices capable of accurately com-
puting the aerodynamic responses of an air-
plane to control inputs, and of reproducing
realistic cockpit instrument indications
for all flight situations. It was realized,
as Adams (1957) points out, that flight
simulators have many advantages over the
operational situation. First, the simula-
tor provides its users with greater control
over ambient conditions. Whereas the "real®
world is subject to unpredictable varia-
tions, a simulator can provide planned
variation of various elements of the real
situation with unessential elements in the
real situation omitted. Second, the simu-
Tator can represent dangerous elements in
flight more safely. Emergency procedures
that would be too dangerous to teach in the
air may be taught safely in ground-based
simuylators. Third, a major advantage
offered by simulators is their Tow operating
costs in comparison with the.costs of
operating aircraft. For these reasons,
simulators continue to play an important
role in pilot training during initial ac-
quisition, transition training, and for
maintenance of established flying skills.
The importance attached to simulators in
meeting training goals is, of course, pred-
icated on the assumption that training
given in the simulator will transfer to the
aircraft.

Although there has never been a serious
challenge concerning the value of simulators
to pilot training, the utility of simulator
training for maintaining the proficiency of
experienced pilots has not been adequately
established. The various studies that have
assessed the training effectiveness of a
specific flight simulator for maintaining
pilot proficiency among experienced piiots
have sometimes produced contradictory re-
sults (Caro, 1971; Crook, 1965; American
Airlines, Inc., 1969; TransWorid Airlines,
1969). For example, whereas Caro reports
positive transfer from the simulator to

the aircraft among experienced pilots, Crook
reports less conclusive findings. Three
somewhat different explanations for these
discrepant findings have been suggested.
First, the variance in flying skill among
experienced pijots is often greater than
among student pilots who bring 1ittle, if
any, initial skill to the task (McGrath
and Harris, 1971). In performance training
it is well known that the beneficial
effects of training varies as a function
of experience or skill level (Briggs,
1957; Rescoe, 1971); that is, the same
training simulator may exnibit different
effectiveness functions for different
Tevels of pilot experience or skill. To
the extent that experienced pilots are not
carefully matched in terms of flying
skill, the significance of assessing what
can be learned -in the simulator is dimin-
ished. Second, most performance measures
used were judgmental in nature and, thus,
highly subjective evaluation instruments.
Third, instructional techniques may vary
widely depending upon the ability and
attitudes of the instructor pilots. 1In
considering the possibilities of such
instructional differences, it is essential
to determine the utility of simulator
training independent of the instructor
variable.

Currently, there is a need to deter-
mine the training value of Device 2824, a
high-fidelity simulator, for maintaining
instrument Flight (IFR) proficiency among
experienced Army helicopter pilots in the
'H~1H aircraft. This paper reports on the
transfer effectiveness of Device 2B24 for
use in maintaining IFR skills among ex-
perienced pilots as compared to inflight
training. As will be seen below, this
study extends previous studies by more
adaquate control of pilot and instructor
variability and through more objective
measures of pilot performance obtatned
both before and after training in Device
2B24,

METHOD

Pilots. The pilots participating in
this study were 36 fully qualified, combat
ready Army aviators. The sample was com-
prised of both warrant and commissioned



officers, all of whom had between 4G0-600 -
hours of rotary wing flight experience.

Two groups of aviators of 18 pilots each
were formed on the basis of a composite
score on three IFR performance measures,

A written test on instrument procedures (I),
a standardized FFR check ride in the UH-TH
helicopter (H), and a standardized IFR check
ride in Device 2824 (S) were the three
measures making up the composite score

(P}). The a priori scoring formula reads:
P=.51+5+H., The three performance
measures were administered to each of 51
experienced pilots assigned to the 10ist
Aviation Group, Ft. Campbell, Kentucky.

The best 18 and the pooresi 18 scores were
used for group matching and for control

of differences in initial ability. The

two groups are referred to as "high" and
"Tow," respectively.

Following the selection of each group,
pilots from each group were quasi-randomly
assigned to one of three IFR training modes
under the following conditions:

a. Simulator training with Device
2B24,

b. Inflight training in the UN-TH.

¢c. A combination of simulator and
inflight training divided equally.

A total of 12 pilots, 6 from each group,
were assigned to each training mode, This
procedure provided an opportunity not only
to evaluate training modes but to evaluate
them with respect to injtial skill level
among pilots. An analysis of variance
failed to show reliable differences between
pilots assigned to each training mode
(F(2,30) = .31), but revealed a reliable
difference between the pilot groups assigned
within each mode (F({1,30) = 17.91, p < .001)
as constituted. Thus, pilots appeared to be
effectively matched among training modes
while differentiated in terms of initial IFR
skills.

Procedure. The pilots in each of the
three training modes were given a total of
12 hours of IFR training during 8
months of testing in each of the three
training modes--that is, in the S5FTS, in-
flight, or combined SFTS and inflight
training.* The 12 hours of training were
divided into 4 hourly increments taken

uwarterly. At the end of each quarterly

3 month) peried, pilots were required to
take a standardized IFR check ride in the
UH-1H, identical in all its essentials

with the IFR check ride given before train-
ing.

Prior to testing, an objective in-
ventory for pilot evaluation was developed
at the Ft. Campbell facility. The de-
cisjons to include items were based upon
desired terminal filight behavior for ex-
perienced Army pilots. Evaluated tasks
were arranged into a standard flight se-
quence, including both objective and sub-
jective items. .The inventory evaiuated per-
formance on each of five quantitative var-
jables with one to four items for each
variable scored on an appropriate scale.
Fqual weights were given to each of the
objective variables measured; namely: (1)
flight planning, (2) departure and enroute
procedures (e.g., navigation and tracking,
radio reports), (3) holding and arrival
procedures {e.g., missed approach, time,
track, airspeed, etc.), (4) ATC procedures,
and (5) aircraft control (e.g., airspeed,
altitude, heading, etc.). All scored
items were completed during flight. A
score of 100 represented "errorless”
performance.

To minimize the effects of instructor

differences, six instructor piTots (IP)

were given familiarization training on the
use of the flight inventory before each
check ride. The order in which IP's were
assigned to provide check rides was varied
systematically. In addition, knowledge

of an individual pilot's ranking and group
assigrment was withheid from the IP's to
prevent such information from influencing
their judgment. MNevertheless, because

of the relatively small pilot sample, some
IP's were aware of a particular pilot's
group assignment.

Instrument fiight training began soon
after the two groups of pilots were formed.
Training sessions were 1 hour in length
and four sessions completed a quarterly ..
training period. At the end of each quarter
of training, an instrument check ride in
the UH-TH was given to each pilot using
the flight inventory for scoring pilot
performance. The present paper reports
on some initial findings of the trans-
fer effectiveness of Device 2B24 among ex-
perienced pilots.,

RESULTS

Because of conditions not related to
the experimental variables, two of our
pilots assigned to the "low" group, one
in the SFTS training mode and the ather

*The experiment was originally designed to provide 16 hours of training divided into four quar-
terly increments. We were unable to compiete the last quarterly test period due to the tem-
porary transfer of the pilots to a new duty station.



in the combined training mode were unable
to complete the experiment during the

third quarter testing period. The third
quarter results and the statistical anal-
yses are based then on an unequal number of
pilots among blocks.

The main results deal with the dif-
ferences in check-ride performance fol-

lowing training in the three training modes
and the percent change in performance
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representing the differences between check-
ride performance obtained before and after
training. The curves in Figure 1 compare
mean inflight performance for the three
training modes over the three test periods
with baseline performance plotted separately.
The curves show that over test periods the

_ changes due to training were not the same

for each group, although the relative level
of performance for the different training
modes persisted throughout training. That
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Figure 1. Learning Curves of Check-ride Performance for the

Three Training Modes and Two Pilot Groups.
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is, while the three curves for the "low"
group showed marked Tearning effects over
test periods, the"high" group gave very
Tittle evidence of learning. Both groups
however, showed that check-ride perfor-
mance was, in general, best for Device
2B24 training and poorest for inflight
training. Analysis of variance for re-
peated measures indicate that variation in
performance due to test periods was
significant, F(2,46) = 17.9, p < .01, for
the "1ow" group, although not a significant
source of variance for the "high" group.

It is also important to note that the
analysis reveaied that the differences
between pilots assigned to groups were no
Tonger statistically significant following
training. Further, although Device 2B24
training appeared to result in better
performance throughout the training period,
F tests of the training mode means for
each group were not significant. However,
Buncan multiple range tests (Duncan, 1955)
were carried out on the training mode

means of the last training period to
determine which, if any, of the differences
between the means are significant and
which are not. Resulis of these tests are
summarized in Table 1. Common Tines
underiying two or more means indicate that
these means are not significantly dif-
ferent from one‘another. The results on
means for the third training period indicate
that for the low group the mean differences
between inflight training and Device 2B24
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training were significantly different.

A1l other comparisons were not significant.
Thus, the value of Device 2B24 is particu-
larly apparent for the low group.

Table 1

RESULTS OF RANGE TEST OF THE DIFFERENCES
BETWEEN PERFORMANCE SCORE MEANS FOR
TRAINING MODE AND PILOT GROUP

Group SFTS Combined | Inflight
_..._.........r.l%-_..—: ]

High “ 84 78 81

Low 81 79 72

flote: Significant at the .05 Tevel. Com-
mon T1ines underiying two or more means in-
dicate that these means are not signifi-
cantly different from one another.

Percent change scores for the three
training modes are given by the curves of
Figure 2. These curves piot the difference,
in percent, between check-ride performance
before and after training in each mode and
each test period. The curves show again
that the level of change in check-pride per-
formance were quite distinct, with the
SFTS mode producing the highest degree of
positive transfer for both groups. The
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Figure 2. Change Scores in Check-ride Performance for the Two
Pilot Groups as a Function of Training Mode and

Test Periods.



[T S TEEY

plot of these test period scores show that
most of the performance changes that oc-
curred took place by the second test period.
It may be noted, for example, that all of
the transfer that occurred for Device 2B24
training occurred by the second test period;
that is, after 8 hours of training in Device
2B24. Thus, the loss of the fourth test
period did not appear to be crucial to the
present interpretation of our results.

A three-way analysis of variance, en-
compassing groups, training modes and test
periods, was carried out on the change score
data, Results of the analysis related to
the principal variables, and their first
order interactions indicate that only the
variations due to groups and test periods
were statistically significant at the .025
and .01 levels, respectively.

Duncan multiple-range tests were again
carried out on the training mode change
scores for the third measurement period.
The results are shown in Table 2. =

Table 2
RESULTS OF RANGE TESTS OF THE DIFFERENCES

BETWEEN PERCENT CHANGE SCORE MEANS FOR
TRAINING MODE AND PILOT GROUP

Group SFTS Combined Inflight
_

High ] ) -7

Low 28 27 14

tote: Significant at the .05 level. Com-
mon Tines underlying two or more means in-

“dicate that these means are not signifi-

cantly different from one another.

Negative values in Table 2 indicate a per-
centage decrement in performance associated
with training. This decrement, we believe,
is in accord with normal variation in
performance that may.be expected with a
pTiot group already at a high level of IFR
proficiency prior to training. The resulis
on change scores indicate that Device 2B24
training and inflight training show the
greatest number of significant differences
consistent with the evidence of beénaficial
effects for SFIS training when compared to
inflight training.

DISCUSSION

The objective of this research was to
determine the extent to which IFR skills
acquired during simulator training in
Device 2B24, or inflight, or in combination,
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maintained or even enhanced subsequent per-
formance in the UH-1H among experienced
pilots: 1In this research the transfer ef-
fectiveness of the simulator is measured by
determining the extent to which performance
of Device 2B24 trained groups are equal to
or exceed the performance of the inflight
trained group on the criterion check ride.

The results of this study indicate
substantial positive fransfer of training
from Device 2B24 to the UH-TH helicopter
as evidenced by the fact that simulator
training produced as good or better over-
all performance as inflight training.
Thus , Device 2B24 training appeared o be
as much a factor in maintaining IFR skills
among experienced Army pilots as inflight
training for the periods of time tested.
These findings were characteristic of both™
groups of pilots. Further, the results
showed that the beneficial effects of
training were more often observed among
piiots who demonstrated the Teast IFR
skill level as measured by our criterion
check ride. The consequences of our
trafning procedures were that the initial
differences in IFR performance between our
two groups of pilots were no Tonger
significant.

The fact that IFR training in Device
2B24 transfers to the UH-1H is not surpris-
ing since it is a high-fidelity simulator
of the UH-TH helicopter. These results
are also consistent with the record of
commercial aviation which has shown that
gsimuTators can provide an effective means
of providing training for highly exper-
jenced pilots.

It .should be emphasized, however, that
the effectiveness of any training device
depends upon how it is used; it is in-
fluenced by all the well-known variables
concerning conditions favorable and un-
favorable to learning. Prophet (1966}
has pointed out that a simulator is a
training tool and, as such, is going to
produce results no better than the quality
of the training program of which it is a
part. The evidence of transfer in the

. present study may well be attributed to

the training program rather than simulator
design alone. It is possible, for example,
that 7T inTlight training was conducted dif-
ferently--that is, with a different train-
ing program--some evidence of additional
benefits miaht be found.

The present findings compliement past
results which demonstrate the operaticnal
utitity of simulator training (Caro, 1972;
Woodruff and Smith, 1974). In particular,
this preliminary analysis of the data in-
dicate that much of the instrument training



now conducted in rotary wing ajrcraft

can be conducted more efficiently on the
ground. Although with Device 2B24 pifots
may require approximately the same number
of hours training as in the aircraft, the
total time required is actually reduced by
reason of the greater availability of the
simulator and the elimination of much of
the aircraft preparation time. The safety
associated with elimination of much of the
inflight training time, the release of
aircraft for operational fiights, and
decreased cost of operating the simulator
rather than an aircraft for training, all
add up to a highly positive evaluation of
Device 2B24 for the maintenance of IFR
pilot proficiency. A reasonable conclu-
sion from this study is that some evidence
was found to support the assumption that
simulator training administered in Device
2824 can maintain, and perhaps improve,
subsequent pilot performance in a tactical
instrument situation. Whather or not the
attitudes of the pilots who served as our
subjects are in accord with this inter-
pretation, is presently under review.
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