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Transfer of Skill from a Computer Game
.. Trainer to Flight

* 1 DANIEL GOPHER,' MAYA WEIL, and TAL BAREKET, Technion-Israel Institute of
Technology, Haifa, Israel

An experimental study was conducted to test the transfer of skills from a complex
computer game to the flight performance of cadets in the Israeli Air Force flight
school, The context relevance of the game to flight was argued on the basis of a
skill-oriented task analysis, using the framework provided by contemporary mod-
els of the human processing system. The influence of two embedded training strat-
egies was compared, one focusing on the specific skills involved in performing the
game, the other designed to improve the general ability of trainees to cope with the
high processing and response demands of the flight task and teach better strategies
of attention control. Efficient control and management of attention under high
task load are argued to be skills that can improve with proper training and gen-
eralize to new situations. Flight performance scores of .two groups of cadets who
received 10 h of training in the computer game were compared with those of a
matched group without game experience. Both game groups performed signifi-
cantly better than the no-game group in the subsequent test flights. The results are
discussed with reference to the theoretical framework within which the context
relevance of the game was supported. Also considered are the effects of the differ-
ent training schedules and the significance of the data to the study of attention
control. The game has now been incorporated into the regular training program of
the Air Force.

INTRODUCTION compelling appeal to folk psychology (see

In training research, there has been a call Baudhuin, 1987; Donchu_l_, _1?.89; Flexman and

for a systematic development of guiding prin-
ciples for the design of training simulators.
Such principles, anchored in human perfor-
mance and learning theories, are targeted to
replace the long-prevailing physical fidelity
approach, which has been enshrined by its

Caspl, 1988; Lintern, 1991: Roscoe, 1980).
Contemporary technology underscores the
importance of these efforts. The increased so-
phistication of engineering systems, their
much-enhanced performance envelopes, and
extreme operational environments (e.g., air,

space, underwarer, and nuclear) preclude
' Requests for reprints should be sent to Danicl Gopher,

Industrial Engineering and Management, Technion-Israel
Institute of Technology, Haifa, 32000, larael.

on-the-job training and also render high-
fidelity simulations difficult, impossible, or

@ 1994, Human Factors and Ergonomics Society. All rights reserved.
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prohibitively expensive. Consequently most
of the existing training simulators represent a
compromise in physical fidelity, the extent
and influence of which is hard to evaluate.

Modern microprocessor technology and the
development of rich, colorful, and challeng-
ing computer games provide powerful tools
with which a new approach to training can be
studied and tested. Indeed, this is the ratio-
nale that has guided an international re-
search collaboration directed at the develop-
ment of training strategies embedded in a
complex computer game named Space For-
tress {Donchin, Fabiani, and Sanders, 1989).
Our group at the Technion-Israel Institute of
Technology was part of this project, and the
work reported in this article is an outgrowth
of that effort.

We describe the results of a field study con-
ducted at the Israeli Air Force flight school to
investigate the transfer of skill from a com-
plex computer game to flight performance.
Our leading claim was that instructed prac-
tice in this game and the use of a training
strategy directed to improve attention man-
agement skills would enhance the ability of
cadets to cope with the high demands of
flight. We further argued that although the
elements and parameters of the compurer
game were physically remote from thoese of
the flight situation, the game would provide a
- useful training context for developing flight-
relevant skills, particularly those related to
the control of attention and coping with high
load.

The foregoing argument is a composite of
three separate claims. One is that attention
control is an important element in the acqui-
sition of flight skills. A related claim is that
such control can be treated as a skill and can
be improved by training. The third claim is
that the context provided by the selected
computer game is relevant to the training of
flight skills. In the following sections, each of
these claims is briefly examined.
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Attention Demands in Flight

Piloting a high-performance aircraft, par-
ticularly in military aviation, stretches hu-
man capabilities to their limit. High atten-
tion demands are a major concern in all
aspects of human factors work in aviation,
including design, training, operational proce-
dures, and safety regulations (O'Hare and
Roscoe, 1990; Wiener and Nagel, 1988). The
influences of high load and heavy atten-
tion demands are most apparent in flight
training, during which many trainees are
overwhelmed by the concurrent demands of
the flight task. Indeed, a review of students’
files in Israeli flight school, conducted prior
to the present experiment, revealed that dif-
ficulties associated with attention control
and inability to deal with the load of flight
were among the problems most frequently
cited by instructors and were a common
cause of candidates’ washout. Substantial re-
search efforts have been directed to the devel-
opment of selection tests that identify indi-
viduals with higher attention capabilities
{Gophier, 1982; North and Gopher, 1976).
However, experienced flight instructors are
well aware that continuous selection and
washout of individuals who encounter prob-
lems is a limited and costly solution. Conse-
quently, testing the claim that coping with
high load can be improved through training
is of much interest and daily concern to both
instructors and trainees.

The Skill of Attention Control

A study of attention control from a skill
perspective has been the subject of a series of
experiments conducted in our laboratory (see
Gopher, 1992; Gopher, Weil, and Siegel,
1989). Two major questions were addressed
in this research: “How able and efficient are
humans in the control of attention under high
concurrent demands?’’ and “Can attention
control improve with proper training and
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generalize to new situations?” We have pro-
posed the idea that when attempting to cope
with the high demands of tasks composed of
multiple and dynamically changing subele-
ments (e.g., driving a car or flying an air-
plane), the human operator is required to
adopt attention-allocation strategies corre-
sponding to the priority of each of the co-
varying elements. For example, a pilot is
required simultaneously to control the air
plane, monitor the outside environment, scan
the instrument panel, and handle radio mes-
sages. Each of these covarying components
would benefit most if the pilot could fully at-
tend only to it. As this is not possible, pilots
are required to adopt strategies of attention
allocation and change the priorities of attend-
ing to task elements during different seg-
ments of their mission.

Accordingly, an attention-control strategy
is defined as a vector of emphasis levels, or
attention weights, over the subelements of a
complex and demanding task. The weights
(and hence the strategy) may change as the
pilot switches, for example, from a navi-
gation task to a sequence of aerobatic ma-
neuvers. Thus attention sirategies may be
adopted and changed dynamically in the
course of performing a complex task.

Our work, as well as the work of others, has
shown that when subjects develop their expe-
rience by trial and error under high load, they
tend to adopt suboptimal attention strate-
gies. Moreover, these strategies tend not to
change or be replaced by better ones with the
progress of experience (Foss, Fabiani, Mane,
and Donchin, 1989; Gopher et al., 1989). In
contrast, by a systematic manipulation of
emphasis on different task subelements, sub-
jects were led to explore a wider range of at-
tention strategies and improved their ability
to cope with the high load of tasks. This abil-
ity was further shown to generalize to new
task situations (Gopher, 1992). Therefore
theoretical and empirical evidence exists in
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support of the argument that the control of
attention and the ability to establish better
attention-management strategies can de-
velop with training.

Flight-Relevant Context: The Modified Space
Lortress Game

A key challenge when experimenting with a
low-physical-fidelity trainer is the justifica-
tion of its relevance to the performance of the
intended operational task. The original Space
Fortress (SF) game was developed at the Cog-
nitive Psychophysiology Laboratory of the
University of Illinois to simulate a complex
and dynamic flight environment (Mane and
Donchin, 1989). It was then reevaluated and
adopted as the common task for the above-
mentioned collaborative study of learning
strategies (Donchin et al., 1989). The modi-
fied version of the game employed in the
present work introduced a few changes, fol-
lowing an analysis of the Israeli flight train-
ing program, while preserving the major
characteristics and parameters of the original

- 8F game.

A detailed description of the game is pre-
sented in the method section (see also Figure
1). The game required subjects to control the
movement of a spaceship while aiming and
firing missiles to destroy the space fortress.
Subjects had to protect the ship from hostile
elements and manage resources. The game
components include high visual monitoring
and scanning demands, a difficult manual
control, discrete and timed motor responses,
short-term memory load, long-term memory
of procedures and cost functions, and re-
search management considerations. Several
game elements are present concurrently and
vary dynamically under severe time pressure,
resulting in high load and a mandatory re-
quirement to develop attention management
strategies.

The conceptual framework that has guided
the development of the game is common to

3/19



20 Nov. 2004 12:18

390—September 1994

many contemporary models of human infor-
mation processing. It is equally prevalent in
human performance research and in the anal-
ysis of mental load (Gopher and Sanders,
1984; Wickens, 1992), The framework is also
easy to apply to describe the skill components
involved in flight training. Qur analysis of the
flight training program at the early stage at
which the SF game was introduced identified
six major topics of training:

1. Familiarization with airplane controlling and
maneuvering: use of primary and secondary
control surfaces; effects of speed and angle
change. : ‘

2. Introduction to the cockpit: use and interpre-
tation of instruments and controls.

3. Spatial orientation: plane orientation in space
relative to the horizon: ground reference to de-

4. Procedures: aircraft performance and safety
envelope; routine and emergency takeoff: en-
route and landing procedures.

3. Airport traffic patterns: departure from and
entry into the airport control area.

6. In-flight communication: dialogue with in-
structor; in-flight declarative statements of
performed and intended activities; debriefing
and radio communication.

The general similarity between the demand
elements in the game and those in flight
training is readily apparent: Both include
continuous and discrete manual control, vi-
sual and spatial orientation, procedural
knowledge involving long- and short-term
memory information, and high attention de-
mands under severe time constraints. Verbal
communication was also introduced into the
game to simulate these demands in the flight
situation. We argue that attention-control
skills and efficient allocation strategies de-
velop within the context of these dimensions
of task demands (e.g., trading manual con-
trol, visual orientation, and memory require-
ments). This is also the context profile that
set the boundaries for generalizing the ac-
quired skill to different tasks and other situ-
ations.
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Selection of a Training Strategy

The objectives of the original $pace For-
tress project were to examine and compare
the contributions of different training ap-
proaches to performance of the Space For-
tress game. Two contrasting approaches
proved to be most beneficial: the emphasis-
change approach proposed by our group (Go-
pher et al., 1989) and a hierarchical part-task
approach proposed by Fredriksen and White
(1989). Subjects trained under the emphasis-
change approach practiced the whole game
at all times, bt they were led through in-
structions and auxiliary feedback indicators
to vary their focus of attention in different
game trials on different aspects of the game.
Under this method, subjects were always ex-
posed to the full load of the task and were
taught alternative ways for coping with it.
In contrast, the hierarchical part-training
method was more specific and prescriptive in
the training of components. The whole iask
was decomposed, and before subjects were
introduced to the full standard game, they
were led through a sequence of simplified
part games, which gradually became more
integrative and complex. Difficulty and load
were much tempered under this method,
compared with the emphasis-change ap-
proach. In addition, subjects were given ver-
bal tips on recommended behavior, based on
performance analysis of expert Space For-
tress players.

From the present vantage point of testing
transfer from Space Fortress training to ac-
tual flight, and in light of the general context
similarity between the two environments, we
had no clear criteria with which to determine
whether one of the training approaches, or
sorne combination of the two, would be best
to employ. Given the availability of only one
experimental unit and the limitations set by
the flight school on time and access to flight
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cadets, it was resolved to experiment with
only two game training groups. One was
given a schedule based on the combined
power of emphasis change and hierarchical-
part-task method. The second was given a
more constrained schedule and trained only
on the whole task under emphasis-change

© and attention-management procedures.

METHOD
Apparatus and Task

Space Fortress I1. The main elements of the
modified Space Fortress (SF) game are de-
picted in Pigure 1. The game dispiay was pre-
sented by an HP 1351A graphic system, on an
HP 1310 monitor with a 45-cm (21-inch) di-
agonal CRT display. The task was governed
by a Data General PDP-11/23 microprocessor.
Sound effects were produced by a Votrex
voice system. Subjects played the game using
a game board equipped with a two-axis,
right-hand game stick (WICO command con-
trol) and a left-hand customized, three-push-
button panel.

The task required the control of a spaceship
moving in a frictionless, hostile environment
where it was threatened by a space fortress,
located in the center of the screen, and by
mines that were actively chasing it. To
achieve a maximum score, subjects had to de-
stroy the fortress, defend themselves, destroy
all mines, manage their resources of missiles
and point bonus, and avoid being hit by ei-
ther fortress or mines.

To destroy the fortress, subjects first had to
hit it 10 times with missiles, firing at a rate
slower than one missile every 250 ms, and
then demolish it with a fast double shot.
Mines appeared every 4 s for a total duration
of 10 s or until destroyed. They actively
chased the ship to damage it. During mine
presence, the ship missiles were ineffective
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against the fortress. There were two types of
mine, friends and foes. Mine type was identi-
fied by one letter from three letter memory
sets, displayed in the IFF indicator on the in-
strument panel at the bottom of the screen.
The regular missiles could be used to hit
friend mines. To destroy foe mines, subjects
had 1o change weapons by pressing twice on
the IFF button of the control panel, with an
interpress interval of 250-400 rms. The actual
interpress interval was displayed in the
INTRVL counter.

A game trial begins with a total of 100 mis-
siles, but players could renew their supply or,
elternatively, receive exira points by moni-
toring the random symbols displayed below
the fortress for two consecutive presentations
of a dollar sign. The SHOTS counter ar the
bottom of the screen informed the player of
the remaining number of missiles.

The ship moved in a frictionless environ-
ment, and its control was based on difficult
and demanding dynamics: clockwise and
counterclockwise rotations were produced by
right and left movements of the stick, using
velocity dynamics. Acceleration in the direc-
tion of pointing was produced by fore move-
ments of the stick. The area on the display
between the two hexagons was the recom-
mended area for ship movement.

Additional performance feedback and score
counters were located on the instrument
panel: VEL presenied a score proportional to
the time the ship’s motion was slowed balow
a given velocity, CONT presented a score pro-
portional to the subject’s ability to navigate
the ship in the area bounded by the two hexa-
gons, and SPEED reflected the subject’s effi-
ciency in detecting and destroying mines.
These counters were part of the emphasis
change manipulation.

Part tasks. Apart from the whole game,
there were seven possible part games. The fol-
lowing is a brief description of these games.



20 Nov. 2004 12:19 TARGETECH LTD. 972 9 8851090 No. 9452 P. /19

392—September 1994 HUMAN FACTORS

YOUR SHI?

MISSILE

rd

9
MINE FORTRESS

<> SHOT
THE FORTRESS
BONUS"

POINTS
AVAILABLE

PNTS CNTRL VLCTY VLNER IFF iINTRVL SPEED SHOTS

200 100 119 0 W 90 70
S L
Q00 .
- —
RESPONSE | -
\__BUTTONS CONTROLLER

Figure 1. A schematic diagram of the computer screen and the contrallers of the
modified Space Fortress game (see text for explanation of elements).

All were part of the battery used by Fradrik- 2. Conirol of ship motion: A moving ship entered

sen and White (1989). the screen. Subjects had to bring it to a balt by

reversing the direction and velocity of its mo-

tion vector. A new trajectory and velocity were

1. Aiming: The ship was displayed at a fixed po- introduced each time the subject was able to
sition in the center of the screen but could ro- halt the ship for 3 s.

tate around its center. Subjects were required 3. Trajectory control: Only the ship and the hexa-

to aim and fire missiles to hit static mines that gons were presented on the screen. Subjects

appeared every 4 s at random locations on the were asked to fly the ship within the area

sCreen. bounded by the hexagons,
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4. Change of weapon system and hit mines: The
situation was as in Part Game 1 above, but
mines could be friend or foe, as indicated bya
letter appearing below the ship. Subjects had
to change weapon systems and kill the Inine,
or fire regular missiles, depending on the
mine’s identity, '

3. Dynamic mine handling: The situation was as
in Part Gamne 4, but hoth the ship and the
mines were in motion.

6. Fortress kill: The ship, fortress, and hexagons
appeared on the screen, but there were no
mines. Subjects had to circle the fortress
slowly, moving within the hexagons while fir.
Ing at the fortress and avoiding its shots.

7.Full game with friend mines: The full game
was played, but only friend mines appeared.

Training Schedildes

Two groups of flight cadets were trained for
10 1-h sessions. A training session consisted of
10-14 practice trials of 2 or 3 min each, to-
taling 38 min net game time per session.

One group, the full training (FT) group,
spent about 18% of its total training time
practicing the seven part games (during the
beginning of each of the first six training ses-
sions). During the remaining time, subjects
practiced the full game under the emphasis-
change manipulation. Subjects in this group
were debriefed and given feedback on their
performance at the end of each 3-min game
trial as well as at the beginning and end of
each session, They were also given verbal tips
based on the original tips proposed by Fre-
driksen and White (1989). Tips poihted out
recommended ways of performing different
task segments. Among the tips were “Hold
the stick lightly by your fingertips,” “Move
slowly in circles facing the ship, continnously
aiming at it,” and “Do not leave your path to
chase mines; wait for them to approach you.”
To simulate the demands of handling verbal
communication and radio messages in flight,
subjects in this group were asked during Ses-
sions 7-9 to talk their way through the game.
They reported, in real time, specified game
cvents or mtended actions, such as the ap-

TARGETECH LTD. 972 9 8851090

No. 9452 P. 7/19

Septemnber 1994--393

pearance of a foe mine, an intended double
shot to destroy the fortress, or 2 command to
renew missile supply. Verbal reports were
monitored and recorded by the experimenter.

The emphasis only training (EQT) group
practiced the whole game throughout train-
ing and was not given any part task. Subjects
were given the same display and information
counters as those in the FT group. It should
be noted that the major elements of the em-
phasis change manipulation were embedded
in the display information counters VEL,
CONT, and SPEED., Hence, although not di-
rectly instructed to do so, subjects in this
group were able to monitor tradeoffs between
task components. They received only general
information on their performance levels at
the end of each session, were not debriefed on
their errors after individual trials, and were
not given any verbal tips.

The control group was without garne expe-
rience. It included trainees matched to the
game groups in their basic abilities and light
aircraft flight scores. Ability scores were
based on the air force flight selection test bat-
tery and included the overall regression
score, intelligence measures, psychomotor
ability, and life and interest scale (Gopher,
1982). If we had had sufficient funds and lab-
oratory equipment, we would have run two
additional control groups: one on a com-
pletely stripped-down version of the garne,
without any auxiliary information and em-
phasis instructions, and another tralned on a
markedly dissimilar computer game. These
aspirations, hiowever, could not be realized
under the existing conditions.

Training Procedure

Based on the skill-oriented task analysis
of the training program, it was decided to in-
troduce the game at an early stage of flight
training, when basic habits are formuiated
and elementary response patterns emerge.
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Accordingly, we selected the period immedi-
ately following the completion of 10 h of
- flight on a light aircraft and preceding the
transition to the high-performance jet trainer.

Subjects participated in one training ses-
sion per day, with a maximum interval of two
or three days between successive sessions. Be-
cause of scheduling constraints, the 10 ses-
sions of training were broken into two seg-
ments: Five hours were given immediately
after completing training on the light air-
craft, the other five were administered during
the two weeks of ground school that preceded
the transition to the jet trainer. There was a
three-month interval between the two sep-
ments, during which subjects underwent ba-
sic military training. No flights took place

during thiz neriad,
Selection of Flight Validation Criteria

Transfer effects from the game training to
actual flight were tested during eight flights
(45-60 min each) of the transition stage to the
high-performance jet trainer. This period
normally served also for evaluation and deci-
sion on candidates’ assignment to future
training programs. The first 4 of the 8 flights
focused on practicing basic, individual flight
elements, such as climbs, descents, and turns.
During the last 4 flights, trainees practiced
more complex combined maneuvers based on
the previously learned elements.

Each flight was scored by the flight instruc-
tor on several criteria and was also given a
general performance score on a scale of 4-10
(10 was best). Formal check rides were con-
ducted during Flights 4 and 8, each resulting
in two general scores: One summarized per-
formance over the relevant flight segment
(1~4 or 5-8); the other conveyed the instruc-
tor's estimate of the candidate’s likelihood of
completing flight training. As a routine, in-
structors were changed after the first four
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flights, to ensure that each candidate would
be taught and evaluated by at least two in-
structors. Six of the available standard scores
were selected for the present study: the score
of Flight 4, as well as the summary and pre-
diction scores based on the first four flights,
and the score for Flight 7 and the summary
and prediction scores based on Flights 5-8.
The score of Flight 7 was selected rather than
that of Flight 8 because, although both flights
included the same components, Flight 7 was
not 4 test, o
As indicated, standard flight scores were al}
based on an overall estimate of an entire
flight or several flights together. Also, as in
many other scoring systems, the actual effec-
tive range of scores shrank to 5-8. To aug-
ment flight evaluation, we developed, to-
gether with the school training squadron,
three special evaluation forms. These were
used to evaluate three individual maneuvers
judged to be most typical of the flight de-
mands at this stage. The forms were com-
pleted by the instructors during flight. The
three maneuvers were 30-deg and 45-deg
standard turns, included in Flights 4 and 6,
respectively, and departure from practice
area, which was introduced in Flight 7. The
two standard turns were each rated on 10 dif-
ferent performance elements, and the depar-
ture maneuver was rated on 7 aspects (Figure
4). To avoid bias, the special forms were filled
for all candidates in the class, not only the
subgroup participating in the experiment.

Cover Story

To help eliminate potential bias of experi-
mental subjects, the project was formally in-
troduced to cadets and flight instructors as a
study in individual differences to be used in
the development of a computer-based flight
selection battery. Trainees were told that
their participation would not influence their
own course in school.
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Subjects

A total of 58 cadets participated in the ex-
periment: 16 in the FT group, 17 in the EOT
group, and 25 in the control group. All sub-
jects were 18-20 years old, from two consec-
utive flight classes. To ensure equal propor-
" tions of high, medium, and low potential
candidates in each group, they were matched
individually and assigned to groups by the
school psychologist. The matching scores in-
cluded the integrated index of the flight se-
lection test battery (Gopher, 1982) and the
check-ride score of Flight 10 in the light air-
craft, Ability and flight scores of individuals
were not disclosed to the experimenters until
the completion of the experiment.

Initially, an equal number of subjects, in
matched pairs, were assigned to each of the
two game groups (FT and EOT). However, be-
cause of medical problems and personal dif-
ficulties unrelated to flight performance 7
subjects in the FT group and 6 in the EOT
group were washed out during the three
months of basic military training. They were
therefore unable to complete the second seg-
ment of game training. The dropout from two
groups was roughly similar in terms of
matching scores and did not change the ini-
tial balance between groups. Cadets assigned
to the control group with no game experience
were selected and matched in their ability
and light aircraft scores to the remaining sub-
Jects in each of the two game grouns, only at
the point of entering the eight transition
flights. Hence, the matching hetween the
three groups was not impaired by the wash-
out during basic military training. This con-
clusion was confirmed by the results of the
analysis of variance conducted on two match-
ing scores. For the index of the selection test
battery, F(2,53) = 1.19, p = 0.31. For the light
aircraft check-ride scores, F(1,53) = 086, p =
0.43,
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To reduce a possible confounding influence
of cadets’ basic abilities on the judgment of
flight instructors during the eight test flights,
cadets were assigned to instructors in ability-
matched triads, one from every experimental
group. Because of scheduling problems and
the initial washout in the game groups, sev-
eral triads included only a single subject from
a game training group and two from the con-
trol group. This procedure added several sub-
jects to the control group, without changing
the matching of the groups in terms of prior
ability, as evident from the statistical analy-
sis reported above. Flight instructors had no
knowiedge of the prior experience and group
assignment of their trainees.

RESULTS

The presentation of results focuses on the
transfer of training from SF to flight perfor-
mance. However, before these results are pre-
sented, we describe briefly the learning
curves and final game scores of the full-
training (FT) and emphasis-only-training
(EOT) groups.

Space Fortress Performance with Full and
Emphasis-Only Training

Subjects in the FT group obtained signifi-
cantly higher final game scores on all mea-
sures of game performance, compared with
the EOT group. Figure 2 depicts the learning
curves of the two groups as reflected in the
overall point score. Although both groups
progressed monotonically with training, the
FT group shewed a clear advaniage. Note
also that neither group suffered a sizable per-
formance loss attributable to the three-
month break between Sessions 5 and 6.

The average 3-min game scores for the two
groups at Session 10, the last session, on the
three major performance measures are pre-
sented in Table 1. All differences were signif-
icant at p << 0.0001 in analyses of variance.

9/19
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Figure 2. Learning curves for the FT and EOT groups over 10 1-h training sessions
(average general point scores for 3-min trials),

The respective F ratios (1,38) were 19.89,
31.41, and 25.38.

Flight Performance

Altogether there were 33 flight scores, in-
cluding the 6 standard scores and 27 scores
obtained from the three special rating forms
for individual maneuvers. Recall that the spe-
cial forms were experimental in nature and
had not been used before.

Differences between Game Grotips in
Flight Performance

Despite the large differences in the final
game scores, the FT and EOT groups did not

TABLE 1

Average Game Scores for the FT and EOT Groups
on the Tenth Training Session

Scores FT EOT

Total points 225170 1350.80
Fort destructions 12.80 6.30
Mines handling 1215.40 615.50

differ in subsequent flight performance. Both
groups obtained similar average scores on the
six standard flight measures and on the
scores of the three special rating forms. The
separate MANOVAs thar were conducted on
the six standard scores and the special forms
of Flight 4 (10 scores) and Flight 7 (17 scores)
confirmed this observation. None of the three
analyses was statistically significant (F < 1,p
= 0.50 in all cases). It was hence concluded
that the two groups did not differ in their ac-
tual flight performance. Their data were com-
bined for comparison with the control group
of matched subjects who did not receive
game training. The resultant combined group
is hereafter named the game group (FT +
EQT), and the other is labeled the no-game
group.

Influence of Game Training on
Flight Performance

The combined game group had a total of 33
subjects, and the no-game group included 25
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subjects, To get a preliminary, first-cut im-
pression on the overall pattern of the results,
we conducted a MANOVA on all 33 scores,
comparing the flight performance of the two
groups. We also examined the frequency dis-
tribution of the direction of differences be-
tween groups in their flight scores. These
analyses were followed by separate MANOVAs
of the six standard scores and the Flight 4 and
Flight 7 measures,

- The overall. MANOVA showed that the
game group was significantly better in its
flight performance, F(33,18) = 2.18, p <005,
Five single flight scores were shown to signif-
icantly differ berween the groups, Two addi-
tionai scores had marginai significance. Ta-
ble 2 lists the seven scores, their average
values, and the outcomes of the statistical
analysis.

Three of the five significant scores listed in
Table 2 belong to the group of six standard
flight measures. Each one of thern represents
a summary score over several flights (sum-
mary of Flights 1-4, summary of Flights 5-8,
and the overall success predictor given after
Flight 8). The statistical significance of the
observed differences on these three was re-
confirmed by the separate, and statistically

TABLE 2
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more meaningful, MANOVA conducted on
only the six scores. The overall effect was sig-
nificant, F(547) = 2.44, p < 0.05, and the
saine three scores were significant contribu-
tors with somewhat enhanced significance
levels, as compared with those presented in
Table 2: summary of Flights 1-4, F = 6,58, p
< 0.014; summary of Flights 5-8, F = 5.73, p
<< 0.02; success predictor for Flights 5-8, F =
4.33, p <.0.04; df. 1,52 in all cases.

Of the 7 scores presented in Table 2, 6 be-
long to Flights 7 and 8. This general pattern
of an increased flight advantage of the game
group in the more advanced flights can be
clearly observed in Figures 3a—3d, which de-
pict the differences between the two groups
on the 33 flight scores. To simplify the pre-
sentation, the average difference on each
score is displayed as the net difference in fa-
vor of one group or the other (recall that all
actual scores were on a scale of 4=10).

Of the 33 flight scores, the game group was
higher on 25 and the no-game group was
higher on oaly 8 (x* = 8.75, p < 0.01). How-
ever, the distribution of the 8 reversals was
such that 6 belonged to Flight 4 and only 2 to
Flights 7 and 8. This is from the total of 13
scores available for Flight 4 and the 20 scores

Comparative Averages and Significance Levels for Flight Scores, Discriminating
Significantly between the Game and No-Game Groups in the General MANOVA

(N = 52)
Variables Game  No Game F df p=
Flight 7 45 dag

a. Looking into turn 6.65 6.23 4.46 1,50  0.04
Flight 7 Depart from area

b. Time to prepare departure £.97 G.42 743 1.50 0.001
Standard scores

¢. Summary Flights 1—4 6.93 6.61 628 150 0.018
d. Summary Flights 5-8 6.70 6.38 580 150 .02
e. Suceess Predictors 5-8 6.60 6.09 4.07 1,60 0.05
Flight 7 45 deg

f. General score 6.62 6.52 283 150  0.089
Flight 7 Depart from area

4. General score 6.80 6.43 302 15  0.088

11/19
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A FLIGHT SCHOOQL SCORES
CONTROL GROUP BETTER  GAME GROUP BETTER

FLIGHT 4

FLIGHTS 14

PREDICTED SUCCESS (4)

FLIGHT 7

FLIGHTS 5.8 .

FREDICTED SUCCESS @)

0.4 {22 0.0 0.2 0.4
INFFERENCE IN RATINGS

C FLIGHT 7: 45-DEG TURNS

CONTROL GROUP BETTER ~ GAME GROUP BETTER

MAKING CORRECTIONS
EETABLMAINT TRIM
TIME TO RETURN $T & LEVEL
REMAIN IN AREA
REVERSE BANK ANGLE
LOOXING INTO TURN
MAINT GRND POSITION
MAINT NOSE POSITION
TIMETO GET READY
OVERALL SCORE
—_

1.4 0.2 0.0 0.2 0.4
IMFFERENCE IN RATINGS

HUMAN FACTORS

B FLIGHT 4: 30-DEG TURNS
CONTROL GROUP BETTER ~ GAME GROUP BETTER
MAKING CORRECTIONS

ESTABL/MAINT TRIM

TIME TO RETURN 5T & LEVEL
REMAIN IN AREA,
REVERSE BANK ANGLE
LOOKING INTO TURN
MAINT GRND POSITION
MAINT NOSE POSITION
TIME TO GET READY
OVERALL SCORE

0.4 ©.2 oo 0z 0.4
IMFFERENCE IN RATINGS

D FLGHT 7: LEAVING PRACTICE AREA
CONTROL GROUF BETTER GUAME GRQUP BETTER

FLY ST & LEVEL/mADK) RET

DESC FROM ST & LEVEL
RADIO REPORTS/OPS
PLAN DESCENT RATE
CHECKLIST

TIME PREP DEPART
OVERALL SCORE

-0.4 0.2 9.0 6.2 0.4

DIFFERENCE IN RATINGS

Figure 3. Differences between the game and no-game groups on the 33 flight measures; each bar graph depicts
the magnitude and the direction of differenice on one particular measure.

of Flights 7 and 8. Although it can be argued
that the 33 scores were not completely inde-
pendent from one another in the strict statis-
tical sense of the term, it should be remem-
bered that each of them, including the
Summary scores, represented an individual
instance of evaluation. In addition, there
were 12 flight instructors, each grading only
three cadets, and every cadet was graded by 2
different instructors. Hence, the trends are re-
vealing. The same pattern of results emerged
also in the separate MANOVAs conducted on
the special forms obtained at each flight. The
MANOVA for Flight 4 was not significant,
F(10,45), p < 1.0, whereas the analysis of the
17 scores of Flight 7 showed a marginally sig-

nificant overall effect, F(1738) = 1.7, p <
0.08. The four individual scores of this flight
that emerged in the general MANOVA (Tabie
2) reappeared in this analysis with similar
significance levels.

Canonical regression and analysis of vari-
ance. A combined index of flight performance
comparing the game and no-game groups
was computed using only the five flight
scores that were found to distinguish signifi-
cantly between the two groups in the sepa-
rate and overall MANOVAs. The canonical re-
gression analysis method provided the best
regression equation to predict group mem-
bership based on the joint contribution of the
five scores. It also computed the significance
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of the difference between groups in terms of
the resultant joint index scores. Equation 1
presents the obtained regression formula and
the outcomes of the analysis of variance.

Crs < 0.43(a) + 0.81(b) + 1.82(c)
+ 0.16(d) + 0.09(e)

F(1,48) = 11.38, p < 0.0015, )

where CFS is the combined flight score {vari-
ables a-e are listed in Table 2).

The average combined flight score for the
g2me group, based on Equation 1, was 17.12
{(SD 1.01), whereas the combined score for the
No-game group was only 14.13 8D 1.03).
Figure 4 presents the frequency distribution
of the two groups on the combined flight in-
dex. The advantage of the game group is ap-
parent. About one-third of the subjects in the
game group were included in the highest
score category, whereas only 3.40% were in
the lowest category. In comparison, none of
the no-game subjects was included in the
high score category, whereas 28.6% were in
the lowest category,

Distribution of the success predictor score.
Our final analysis compared the distribution
of the game and ho-game groups on the Flight

[} 7

5 -

[

0

&

=

=

®

&

14-15.4  155-16.4 165174 175105
COMBINED FLIGHT SCORE

Figure 4. Frequency distributions for the game and
nO-game groups on the combined index of flight per-
formance; higher scores imply better flight perfor
mance.
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8 success predictor score, Instructors evaly-
ated on a scale of 410 the overall likelihood
that a candidate would complete flight train-
ing. Flight school statistics show the follow-
ing correspondence between these scores and
actual percentage who graduated: 9% for a
score of 5, 22% for 6, 56% for 7, and 75% for 8.
Table 3 presents the distributions for the
game and no-game groups.

About 66% of the candidates in the game
group were included in the 7-8 score cate-
gory, while only 33% of the no-garne group
were included in this category. Given the cor-
relation of this score with actual success
probability, the implication is thar on the gv-
erage, the game group increased its probabil-
ity of graduation by 30%.

DISCUSSION

Flight performance showed a clear advan-
tage of the game group over the no-game
group, which included cadets with matched
ability who did not receive SF training, The
best overall representation of this advantage
is the frequency distribution of the two
groups on the combined flight performance
index {Figure 4), whereas the largest differ-
ences on single scores were revealed on the
standard (Flights 5-8) summary and success.
predictor scores. These are also the main
scores that are used by the school for evaly.
ating students’ performance at this stage.
Similar differences, with somewhat reduced
magnitude, were also found on the special

TABLE 3

Distribution of the Game and No-Game Groups on
the Success Predictor Score, Flights 5.8 (v = 58)

Score Categories

Groups 56 7-8 Totals
(Game 12 21 33
No game 16 9 25
Totals 28 30 58
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scores of the two maneuvers in Flight 7, but
not on those obtained during Flight 4.
Several factors may have contributed to
the greater sensitivity of standard scores to
the effect of game training. Each of the three
significant scores was an integrative estimate
based on four flights. Flight school statistics
have repeatedly shown that these scores have
higher predictive validity and better reliabil-
ity than do single-flight ratings. It is possible
that judgments of ability and performance
levels are more valid and stable if based on a
group of flights. The only summary score that
did not show a significant difference between
the game and the no-game group was the suc-
cess predictor given after the first four flights.
This finding is consistent with the overall
patiern snowing iack of differences between
the two groups in early flights and their
emergence in advanced flights. The weaker
effects revealed on the special rating forms
are not surprising. These forms were explor-
atory in the selection of maneuvers, the rated
behaviors, and their mode of administration.
Given these constraints, it is significant that
the overall trend was consistent with the
standard scores, including the distinction be-
tween early and advanced flight maneuvers.
It points to a clear potential for developing an

alternative rating systemn with more research.

Further support for the contribution of SE
training to flight performance came from a
foliow-up study that was carried out by the
school psychologist after the conclusion of
the formal study. Although the exact num-
bers and percentages are classified, we were
informed by the scheo! command that ai
graduation (18 months later), the percentage
of graduates from the game group was twice
that of the no-game group. A replication
study with some modifications was con-
ducted at the U.S. Army helicopter flight
school (Hart and Battiste, 1992). It obtained
similar results, including the lack of differ-
énce in early flights and their emergence in
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advanced flights. This study included only
one SF group, following the training schedule
of the EOT group in the present study. It also
included an additional control group that
practiced for 10 h on an off-the-shelf Apache
Strike Force computer game. This practice
showed no transfer to flight.

The positive transfer from SF training

~ should be considered side by side with the

seemingly conflicting finding that the full
training and emphasis-only training groups,
although markedly and significantly different
in their final game achievements, did not dif.
fer in flight performance. If SF training aug-
ments flight, why were FT irainees not better
than the EOT group? '
One possibility to consider is the so-called
Hawthorne effect (Homansg, 1958) namely,
that the advantage shown by the game group
did not stem from the game experience itself
but from the fact that subjects in the game
group behaved differently, were more moti-
vated, or received special treatment by their
flight instructors. Several factors render this
possibility unlikely, however. The flight
school is prestigious and very selective: wash-
out rates are high. All cadets are volunteers,
are highly motivated, and make their best ef-
fort to compete and complete trainfng. Par-
ticipation in the experiment was a small and
unimportant fraction of their daily activities;
they complied with the experiment but did
not welcome it with enthusiasm. SF training
sessions were regarded as an extra load
rather than a privileged engagement. Sub-
Jects were called out from their regular
ground school classes and on many occasions
expressed concern about the lost material,
The official cover story, which introduced
the experiment as 2 study of individual dif-
ferences, was another factor that reduced the
likelihood of 2 Hawthorne effect. Also, flight
training and check rides were conducted in a
different squadron, at a different location,
and with different personnel than was SF
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training. The original groups were distrib-
uted among many instructor pilots and were
part of a much larger class in which all cadets
underwent the same flight evaluation pro-
cess. Recall also that within the flight se-
quence itself, instructors were changed after
four flights. The school report on the persis-
tence of the effects over the long duration of
the training program, with its intensive pace
and change of environments, also negates a
simple Hawthorne effect interpretation. Fi-
nally, the lack of transfer reported by Hart
and Battiste (1992) from 10 h of training on
the Apache Strike Force game clearly over-
rules a Hawthorne interpretation. Alss re-
fited are suggestions that practice on any
computer game, even one with high face va-
lidity, would necessarily have a similar im-
pact on flight performance.

The key to the lack of difference in flight
performance between FT and EQOT groups,
despite the large difference in their SF scores,
should lie in the main features of the training
that distinguished the two groups. To reca-
pitulate, both groups received the emphasis-
change training elements, following Gopher
et al. (1989). In addition, the FT group was
given part tasks, verbal tips, and individual
coaching, as recommended by Fredriksen and
White (1989). A possible interpretation of the
pattern of results obtained is that emphasis-
change elements promoted the development
of skill components that could be transferred
and generalized to flight, whereas part tasks
and verbal tips contributed only to skill ele-
ments that were exclusively relevant 1o SF
performance. This suggestion is supported by
the results of two laboratory studies that
were conducted in parallel with the present
work,

Fabiani et al. (1989) conducied an experi-
ment 10 compare the hierarchical part-task
(Fredriksen and White, 1989) and the empha-
sis-change (Gopher et al_, 1989) methods. Per-
formance levels of matched groups, each
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trained with one method, were compared at
the end of 10 h of training on SF and in five
following transfer sessions during which SF
was performed concurrently with a battery of

- secondary tasks, At the end of training, both

methods led to better performance than was
seen in a control group that practiced with-
out instruction. However, hierarchical part-
task subjects obtained better scores than the .
emphasis-change group. In contrast, during
transfer sessions the differences reversed.
Emphasis-change subjects were better able to
adjust to the dual-task demands and main-
tain performance in the new conditions of in-
creased load, whereas performance levels of
subjects in the hierarchical part-task group
deteriorated considerably. The same pattern
of results repeated in a study conducted at
the Technion-Israel Institute of Technology
(Bareket, 1990). This study showed a clear ad-
vantage in transfer for emphasis-change
training over the hierarchical part-task ap-
proach, in particular when difficult new ele-
ments were added or when the operational
rules of already-trained elements were radi-
cally changed (e.g., when ship control dynarn-
ics were changed from velocity to accelera-
tion).

The conclusions from both studies are that
part tasks and verbal tips that are based on
the analysis of expert behavior appear to fo-
cus the trainee’s attention on elements and
modes of behavior that are specific to the per-
formance of the trainad task. In COTIITAST, 8-
phasis change, which is practiced on the task
as 2 whele, leads 1o the development of more
general skills and response strategies that are
less dependent on the specific peculiarities of
the task. Such strategies maintain their rele-
vance and are easier to generalize when vari-
ables are changed or new tasks with a similar
context are encovntered, Another difference
between the methods is that under the part-
task procedure, trainees are not exposed to
the full load of the task until they pass a

P.15/19
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sequence of simplified task configurations.
Under the emphasis-change method, subjects
practice and progress while continuously ex-
periencing the full load of the task and learn-
ing to cope with it.

In light of these differences between the
methods, the apparent contradiction in the
pattern of results obtained in the present
flight school study can be reconciled. The FT
and EOT groups had about equal exposure to
the whole task with emphasis-change infor-
mation. The distinguishing features were the
limited practice on part tasks and the ongo-
ing coaching and verbal tips given to the FT
- group. These elements enhanced game per-
formance in modes that were too specific to
generalize to flight. Hence the two groups
were equally prepared in terms of transfer to
the actual flight situation, even though their
game performance differed. In this regard, it
seems reasonable to consider the results of
the present experiment as another replication
of the pattern of differences between the two
training approaches that was observed in the
laboratory studies.

What was acquired during game practice
under the emphasis-change manipulation
that was so useful and relevant to flight train-
ing? We propose that these skills are related
to the experience of coping with the attention
demands and high load of the game. In other
words, we suggest that the attention control
skills that were developed in the context of SF
training could be generalized to the flight sit-
uation and that the similarity between the
two environments was sufficient for such gen-
eralization to occur. The logic and concepts
that were presented in the introduction to de-
scribe the skill of attention control, and that
have also led to the development of the
emphasis-change method, may provide the
framework for delineating a general category
of skills that are relevant both to the game
and to the flight situation. To recapitulate,
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the key construct in describing the skill of at-
tention control is attention strategy, defined as
a vector of the attention weights assigned to
each of the covarying elements of a complex
task (Gopher, 1992). The efficiency of atten-
tion control depends on the number, diver-
sity, and availability of strategies, as well as
on the quality of the match between the indj-
vidual's unique capabilities and task de-
mands. Training should lead performers to
develop, explore, select, and stabilize atten-
tion strategies (Gopher et al 1989).

To evaluate the foregoing suggestions, let
us review again the initial claim for the con-
textua] relevance of SF training to flight per-
formance. We discussed the sirnilarities be-
tween the two environments in. terms of
contemporary models of the human proces-
sor (see Card and Moran, 1986 Wickens,
1992), highlighting common features on such
dimensions as continuous and discrete motor
control, visual scanning and monitoring,
short- and long-term memory requirements,
time pressure, and attention load. It was al-
ready concluded that the equal levels of
transfer to flight that were gained by full- and
part-task training indicate that the effects
cannot be interpreted as a simple product of
enhanced performance on these components,
Another possibility is to view the components
as elements of the demand profile of the task,
in the framework of attention theory and re-
source limitations. Most relevant are those
models proposed by researchers who advo.
cate a multiple resource approach {eg., Go-
pher, Brichner, and Navon, 1982 ‘Wickens,
1984) ot processing stage analysis (e.g., Sand-
ers, 1980). These approaches distinguish be-
tween ihe resource demands of perceptual
analysis, central processing, and response se-
lection that can be easily linked with the
components of our task analysis. Develop-
ment of attention control strategies implies
that trainees had to cope with, allocate to,
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and balance their resource investments
among variants of the demand profile of these
components,

Within this framework, there are at least
two possible explanations for the transfer of
training from the SF game to flight. One ex-
planation is that the functional and demand
 characteristics of the two situations were suf.

ficiently similar that attention strategies that
had been developed while practicing the
game were also efficient in actual flight. An-
other possible explanation is that when prac-
ticing the SF game, trainees learned the value
of exploring alternative response modes and
developing attention strategies in a context
that bears general relevance tc the flight sit-
uation. This experience motivated them to
explore similar modes of behavior when con-
fronting the demands of flight. The first ex-
planation thus assumes a stronger and more
direct transfer of acquired attention strate-
gies, whereas according to the second expla-
nation, transfer was less direct and limited 1o
the use of similar approaches and methods in
coping with the demands of a new environ-
ment. In the data of the present experiment,
we do not have evidence to favor one expia-
nation over the other. Although both are
based on the conceptual framework of atten-
tion control, they differ in the level and na-
ture of the transferred experience. To get bet-
ter closure on the determinants of transfer,
we should conduct experiments varying the
context similarity between the training and
transfer situations. Some experiments along
these lines are being conducted at Brooks Air
Force Base as part of the Schooling and
Training Approaches Measurement Project
(STAMP:; Shebilske and Regian, 1992 ; Shehil-
ske, Regian, Arthur, and J ordan, 1992).

An interpretation of the transfer effects
based on attention control CONCepts is consis-
tent not only with the equal success of the FT
and EOT groups in their tlight performance
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but also with the fact that the main effects of
game training were observed in the more pro-
gressive and advanced flights, when concur-
rent attention and coordination demands
were much elevated. These results were rep-
licated in the study conducted by Hart and
Battiste (1992). Despite the consistent and
converging evidence in support of an atten-
tion-control interpretation, we regard our ev-
idence at this stage as suggestive and incon-
clusive. More control conditions and direct
manipulations of attention control are re-
quired to substantiate the claim that the im-
proved attention component is to be credited
for the transfer effects from SF io actual
fiight. Such research is being conducted both
in the United States and in Israel. Because
the Israeli Air Force has now incorporated the
game into its flight training program, we may
be allowed access to a large database, which
will allow finer examinations and mare con-
clusive analyses.

Qur concluding comments are on the topic
of fidelity. This subject has been the back-
bone of all the work reported here. The study
as a whole serves to demonstrate a different
approach to fidelity. From this vantage point,
the question of whether improved attention
control was indeed the true source of the oh-
served transfer effects is secondary (o proving
that such transfer did occur, and it has al.
ready been replicated in a second, indepen-
dent study. A detailed discussion of the fidel-
ity topic is beyond the scope of this baper. We
consider here only two points that emerge
from the results of the present study, One in.
volves the conceptual framework that has
been utilized to claim context sirnilarity be-
tween the game and the flight situation. The
other reiterates the implications of the differ.
ential efficiency of the two training schedules
(FT and EOT) during the stages of training
and transfer.

Our results suggest that a concepiual
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framework that is deeply rooted in human
performance theory and research was suffi-
ciently powerful to provide a context within
which an operational skill trainer can be de-
veloped. This framework points the way to
the development of alternative approaches to
task fidelity analysis. Unlike the physical fi-
delity approach, which relies on the surface
properties of the situation, this approach is
based on the deep structure of the task in
terms of its processing, response, and re-
source demands. In addition, the differences
between the FT and EOT groups underscore
the importance of evaluating the influence of
the selected training schedule, beyond the
physical context and the properties of the
trainer. Although previous work has ad-
dressed the harmful consequences of gaps be-
tween simulaiors and operational environ-
ments on these latter elements, training
strategies were not considered (Lintern, 1991 ;
Roscoe, 1980). Qur results suggest that within
the same physical configuration (the SF
game), one method may improve perfor-
mance by focusing on task elements that are
too specific to generalize to the operational
environment, whereas another concentrates
on aspects that are equally relevant to both
situations. Thus one can argue that the first
method reduces fidelity and the other in-
creases it. The term fidelity is used here in the
sense that one framework acts 1o increase the
gap between two situations, whereas the
other brings them closer together by carefully
constraining jtself to dimensions and aspects
that are relevant to both.

These results show the delicate balance be-
tween the aims of providing a specific, sim-
ple, well-structured, and supportive learning
environment and the task of focusing exclu-
sively on elements that may bridge the gap
between the training and the operational sit-
uations, thus providing better fidelity. At this
stage we can offer neither a model nor sys-
tematic criteria to indicate when the scale
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has been tipped to one side or the other. How-
ever, we should keep this concern in mind.
Many training situations present performers
with complex and demanding tasks in which
one may be tempted to propose specific solu-
tions to obtain fast improvement in a trajn-
ee’s performance. Alas, the long-term effect of
such leads may be costly.,
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