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ABSTRACT

Instructional systems development pre-
sents many problems for tasks that can be
accomplished a variety of ways, and particu-
larly for tasks containing unobservable pro-
cesses, While unobservable processes are
often ignored in instructional systems devel-
opment, the way in which they are performed
can have stgnificant impact on operational
performance. Evaluation of a tank gunnery
trainer emphasized that considering only ob-
servable measures of performance when training
gunners to engage moving targets was insuffi-
cient. (he operaticnal performance in hitting
a moving target depends critically on the
amount of lead applied. The correct amount of
Tead, in turn, depends on the target speed.
There are, however, several different (unob-
servable) cognitive strategies for determining
{ead based on target speed. The current re-
search demonstrates that the cognitive strat-
egy selected for training will have a marked
impact on operational performance, and that
selection of a strategy to be trained rests on
an understanding of underlying psychological
processes.

BACKGROUND

The U. §. Army Researcnh Institute at Fort
Knox recently evaluated a conduct of Tire.
trainer (COFT) for tank gunnery. The COFT
simuTated the fire control system of an MBOAT,
the U. $. Army's main battle tank, and could
present the trainee with targets moving at any
one of three different speeds.

The behavioral elements of moving-target
gunnery technique were analyzed to help deter-
mine how training with moving targets should
be conducted on the COFT. The analysis re-
veated that correctly leading moving targets
was a critical skill in moving target gunnery.

The MB0AT fire controi system does not
automatically correct for target motion, so-
the gunner must manually Tead the target to
compensate for the distance that the target
travels during the round's time of ¥light.
Although the distance traveled by the target
along its path is a direct function of both
the target speed and range from the firing
tank, leads expressed in an angular measure
{(in mils) are nearly invariant with farget
range. Hence, for each speed one can specify
a value of Tead in mils that will be effective
regardless of range.
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In order to seiect a lead, the target
speed must be known. Without mechanical aids,
the gunner must immediately estimate the speed
of the target, and know how to relate speed to
an appropriate lead value. Both the percep-
tual skili of speed estimation, and the cogni-
tive skilil involved in relating speed to lead
are examples of critical, but unobservable
processes. In the discussion which follows,
the term strategy will refer to a combination

of perceptual and cognitive processes used to

Several kinds of lead strategies have
been proposed for engaging moving targets.
The first, and simplest strategy, requires
gunners to apply a standard lead (a different
value for each ammunition) to all moving tar-
gets, regardiess of speed. Current Armor doc-
trine indorses this strategy in FM 17-12-2,
and a standard lead is given for each type of
ammunition. The obvious strengths of & stan-~

dard lead strategy are simplicity in training,

and speed of firing the first round against
a moving targei. However, one must consider

that a single Tead covers only one small part

of the speed range expected from targets on
the modern battlefield. The lead specified by
Army doctrine is optimal only for targets mov-
ing at approximately 10-12 mph; vehicles on
the modern battiefield will certainly move at
much higher speeds than this.

The second, and slightly more complex
kind of strategy., requires gunners to catego-

rize target speed into one of a number of pos-

sible speed bands and apply a different lead
for each speed band.

Although a categorization strategy places
more demand on the gunner than a single lead
strategy, it has the potential to cover a
range of target speeds much more effectively.

The third, and most complex kind of Tead
strategy, involves calculation of the amount

of lead needed based on the estimated speed of .

a moving target. Bessemer and Kraemer {1979)
recommended such a speed magnitude estimation
strategy. Specifically, they recommended that
gunners determine a target's speed in miles
per hour, divide this speed by ten miles per
hour, and muitiply the result by a constant;
the value of the constant depends on the bal-
1istic characteristics of the ammunition used.
Performance with this strategy would depend,
of course, on how accurately observers could
judge target speed in miles per hour. If o



observers could accurately determine a tar-
get's speed within a few miles per hour and
perform the mental computations necessary.
this strategy would be the most accurate of
the three.

Clearly, the three strategies all invelve
some kind of speed discrimination, but differ
in the demands each places on the gunmer's
perceptual system. A single lead strategy de-
mands only that gunners be able to discrimi-
nate moving from stationary targets, a cate-
gorization strategy involving a small number
of categories demands only that gunners make
a few discriminations among broad categories,
and a speed estimation strategy demands that
gunners be able to estimate target speed fair-
1y accurately along a continuum. While the
compiexity of the discrimination increases go-
ing from a single lead to a speed estimation
strategy, the potential payoff in terms of
target hits also increases, provided that gun-
ners can make the percepiual discriminations
each kind of strategy demands.

Since speed discrimination plays a funda-
mental part in all three lead strategies, the
empirical research addressed observers' abil-
jty to judge the speed of targets in the COFT
being evaluated. Because of the minimal de-
mands of a single lead strategy, the experi-
menters did not collect empirical data on how
well observers could discriminate stationary
fram moving targets, but concentrated on the
speed discriminations demanded by the other
two strategies.

METHOD

Subjacts. Twenty-eight (28) trainees (25
gunners and 3 drivers} in the One Station Unit
Training (OSUT) course at Ft Knox served as
observers. Observers were assigned to two
groups of 14 each. One group cansisted of 13
gunners and one driver; the other consisted of
72 gunners and two drivers. Group assignment
was counter-balanced based on the order in
which observers came to the experiment. On
the first day the first observer was assigned
to Group A, and second to Group B, etc., and
on the second day the first obsarver was as-
signed to Group B, and the second to Group A,
etc.

Apparatus. A computer-controlled proto-
type conduct of fire trainer developed by
Chrysler Defense Engineering was used to dis-
play moving targets. Figure 1 provides an
artist's representation of the simulator’s
visual display. As Figure 1 shows, the COFT
presented trainees with visual displays of a
rectangular target that could move left to
right or right to left. Observers viewed dis-
plays through an eyepiece like that of the
primary sight of an MDAl tank., The experi-
menter timed the duration of the visual dis-
plays with a hand-held stopwaich.
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FIGURE 1. ARTIST'S REPRESENTATION
OF COFT DISPLAY

Procedure, Each observer was tested in- -
dividually. Ubservers sat in front of the

- simulator's gunner controls and adjusted the

sight's focus while viewing the simulator’s
display of a stationary head-on target at a
range of 1500 meters.

The experimenter told each observer that.
he would see some displays of moving, tank-
sized targets and that his task was to judge
each target's speed. Each of the two experi-
mental groups received different specific in-
structions about judging target speed. The
experimenter informed the first group (the
Categorization group) that the targets would
move across their field of view at either a
slow, medium, or fast speed at various dis-
tances from them, and that they were simply
to say on each trial whether the speed of the
target was slow, medium, or fast. The second
group {the Magnitude Estimation group) was
told that the targets would move across the
screen at different speeds and at different
distances from them, and that on each trial
they were to report to the nearest 5 mph how
fast the target was moving.

At the peginning of each trial, the ex-
perimenter instructed the observers in both
groups to look away from the eyepiece, and
not to took into it until the experimenter
said "go." The experimenter initiated the
display and adjusted the reticle crosshairs
so the horizontal 1ine of the crosshairs was
even with the bottom of the target, and the
vertical Tine of the crosshairs was centered
horizontally on the grid. When the target
moved to the center of the grid, the experi-
menter said "go" and began timing the display.
as the observer looked intec the gight. After
approximately five seconds, the display went
off and the observer reported the target
speed according to the instructions for his
group. The experimenter recorded the observ-
er's response and initiated the next trial.
Because the target moved at different speeds,
and tharefore took différént times to reach
the center of the grid, the inter-trial
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intervai was varied independently of the tar
get speed., This prevented differences in
inter-trial interval from serving as a cue to
target speed.

Each observer Judged target speed in four
blocks of 18 trials each. Each block of 18
trials consisted of targets at one of three
different ranges (1000, 1500, or 2500 meters)},
moving at one of three different simulated
speeds (10, 15, or 25 miles per hour), and
moving one of two different directions (left
or right}. Each possibie combination of these
variables occurred only once in a random se-
guence during each block.

During the ¥irst two blocks of 18 trials,
observers recejved no information about the
target range. During the second two blocks,
the experimenter told observers the target's
range before each trial to determine whether
range information produced a sharp improvement
in speed judgments.

RESULTS AND DISCUSSION

FIGURE 2.

Speed Judgments. Speed judgments of the
Magnitude Estimation group showed large inter-
observer variability, and remained variable
over all four blocks of trials. Figure 2
shows the speed judgment data of this group
separated for trials on which observers re-
ceived no range information, and triais on
which observers did recelve range information.
The dotted diagonals in these figures indicate
perfect performance. Before observers re-
ceived range information, they underestimated
target speed on the average. Average perfor-
mance came closer to dctual targei speed after
observers received range information, however,
the extreme inter-observer variability in both
cases discourages much discussion based on B
average performance. The large amount of vari-
ability in speed judgments agrees with that
found 1n previous research {see HagTund and
Torre, 1978).
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Observers in the Categorization group
identified target speed as either fast, medi-
um, or slow quite well. Observers correctly
categorized 76.3% of the target speeds before
receiving range information, and correctly
categorized 81.2% of the target speeds after
receiving range information.

Che cannot directly compare performance
of the two groups, since the responses re-
quired from the two were qualitatively dif-
ferent. However, one can compare the per-
formance of the two groups indirectly by us-
ing their speed judgments as input parameters
to a model of tank gunnery. Inputting speed
judgment parameters allows calculation of
predicted hit probabilities and aliows one to
estimate the operational impact of different
kinds of lead strategies.

Speed Judgment Data Applied to a Model
of Tank Gunnery in the Simulator. Predicted
hit probabiiities for the simulator firing
Armar Piercing Discarding Sabot {APDS) were
calculated for different hypothetical lead
strategies. It must be emphasized that the
calculated hit probabilities are only for the
device and would be much Tower overa%l in any
Tield tests of lead strategies; error factors
such as zeroing, wind, weather conditions,
etc., were ignored in predicting simulator
hit probabilities. The predicted hit proba-
bilities were also derived under the assump-
tion that gunners would accurately adhere to
gach (ead strategy.

Hit probabilities were calculated for
{1) a single 2.5 mil lead strategy suggested
by current Army doctrine, (2) a speed cate-
gorization strategy invoiving three speed
categories, and (3) a speed magnitude estima-
tion strateqy, using parameters from the
speed magnitude estimation group and assuming
that gunners were only required to estimate
target speed to the nearest {ive miles per
hour. Hit probabilities for the speed cate-
gorization strategy were calculated from the
empirical speed categorization data and as-
sumed leads of 2.5, 5, and 7.5 mils for the
three categories. To avold any misunder-
standing, it should be made clear that the
leads used for the three categories are not
the optimal leads for speeds of 10, 15, and
25 miles per hour; optimal leads for these
three speeds are approximately 2.5, 3.75, and
6.25 mils. The three leads selected for use
in the model were selected because they are
easily specifiable points on the MBOAT reti-
cle and operationally would lead to smaller
tracking errors than intermediate points.
Because of the selection of these particular
leads, the model was slightly conservative on
predicting hits on targets classified as me-
dium and fast speeds. Further details of the
model and parameter estimation from the em-
pirical data are presented elsewhere (Kottas
and Bessemer, 1979).
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Figure 3 shows the calculated hit proba-
bilities for the three Tead strategies as a
function of target speed, combined over the
three ranges at which speed estimation param-
eters were collected. Expressing speed judg-
ment performance in terms of hit probabilities
makes it clear that a categorization strategy
would be the most effective for training gun-
ners using the COFT. that was evaluated.

The reason for the difference in perfor-
mance between the two groups probably reflects
the combined operation of two different phe-
nomena. First, the difference almost certain-
1y reflects the operation of an uncertainty
effect. Recall that the Categorization group
could make one of oniy three responses--slow,
medium, or fast. The Magnitude Estimation
group, on the other hand, could make any one
aof 11 different responses between 0 and 50 mph
inclusive. The group estimating target speed

in miles per hour was more uncertain about the

stimulus that would occur (and hence which
response they should make) and tended to use

a broad range of the responses available. It
was as if they tried to make finer discrimina-
tions of target speed than their cognitive or
perceptual system allowed, and therefore their
responses were highly variable. Limiting the
number of allowable responses to three (for
the Categorization group) avoided the large
variability by restricting the fineness with
which observers tried to make the speed dis-
criminations. :

A second, and related reason for the dif-
ference between the twoe groups may reflect the
perceptual system's facility in processing
relative information and inaccuracy in pro-
cessing absolute information (see Gogel, 1977;
Kottas, 1978). A major problem in making ab-
solute. judgments seems to be one of calibrat-
ing responses correctly, provided that the
cues for ordering stimuli are available.

A similar approach c¢an be applied to

. other gunnary problems, such as adjustment of

fire. The primary technique for adjustment
of fira is known as Burst-on-Target (BOT}.
BOT requires a gunner to observe the tracer's
path or the burst produced when a round
misses the target, and to change his aim.
point so the next round hits the target.
Clearly, this task has a large perceptual
component.

FM 17-12 specifies that in performing

BOT the gunner relays on target after firing,
notices the point of the sight reticle where
the tracer or burst appears as the round

passes by the target or impacts near it, and
moves this point of the reticie to the center
of mass of the target. Such a behavioral de-
tailing of the BOT fire adjustment task fails
to reveal the critical unobservable processes
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FIGURE 3.

that might enabie the gunner to perform these
steps. Three different alternative procedures
could be used: (1) a gunner could determine
the distance and angle of the burst from the
target and move the sight reticle a corre-
sponding distance at a 180° angle from the
burst, (2) a gunner could determine the dis-
tance of the burst or tracer from the target
separately for the horizontal and vertical
axes of the reticle, and move the reticle a
corresponding distance along each axis, and
opposite 1o the direction of deviation, or

(3) a gunner could mentally place an aiming
cross on the reticle at the point where the
burst struck and simply move that imaginary
aiming cross until it is centered on the tar-
get. The three strategies obviously have dif-
ferent cognitive and perceptual demands. The
first strategy involves distance and angle
estimation, the second involves distance esti-
mation along two orthogonal axes, and the
third 1nvolves the ability to fixate a point
in the visual field and maintain that fixation
relative to the reticle as it moves. An em-
pirical investigation could assess the error
involved in each of these processes for a
sample of gunners, and the impact of these
errors could be expressed operationally in
terms of expected Tay error or some other
medsure.
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The kind of investigation described
above does not directly address the problem
of transfer of training. While it may in-
crease the 1ikelihood of transfer, it is not
a substitute for a direct demonstration of
the actual impact of the training approach on
operational performance. Additional field
research will be required to validate the
tralning and transfer effectiveness of a Tead
strategy or a BOT strategy for tank gunnery.
However, if a careful analysis such as the
one described above 1s used in developing an
instructional system for a simulator, one can
be more confident of conducting a test of
transfer that uses the fullest potential of
the device.

The above research has implications for
the design of training devices. The front-
end analysis done in development of training
devices typically stops with observable be-
haviors. The effectiveness of training could
be markedly increased if devices are designed
to train specific underiying skills rather
than merely to simulate a task.
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