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INTERACTIONS BETWEEN PATTERN AND MOTION IN
VISUAL PERCEPTION OF MQVING OBJECTS
by
Captain William P, Marshak
Cadet 2nd Class Chester D Wilson
Cadet 2nd Class Rand L, Brown

Departiment of Behavioral Scences and Leadership
U.S. Air Force Academy, CO 80340

INTRODUCTION

Moving stimuli presented to the human visual system elicit responses from a wide
variety of visual neurons, Cells sensitive to motion or temparal modulation are
activated. Sv are cells sensitive to the moving stimuli‘s contaurs and distribution
of spatial energy. However, many cells in the visual system exhibit more than one
sensitivity, They vary their fir.ng rates with changes in both motion and pattern
attributes of stimuli which enter their receptive fields, Such concurrent
sensitivities strongly suggest that perceptual interactions between motion and pattern
should accur in the perception of objects in motion,

One theory of visual perception has already incorporated pattern and motion
interactions in its structure, Ullmen’s (1979) computational thaory of motion
perception makes explicit predictio.is that pattern and motion will interact, Two
fundamental interpretive processes are proposed to operate an the the spatio-temporal
information received from a moving stimulus, The first process is the perception of
spatial structure from motion information, Examples of this are Sekuler and
Levinson‘s (1977) phantom contours: This is a perceptual filling phenomenon that
ogccurs when a moving stimulus surrounds a blank areaf the blank area is seen to
contain an illusionary stiquli similar to the surrounding stimuli. Another example of
pattern from motion is the apparent contour created when maving dot patterns are are
electronically restricted in their passage in a systematc fashion, The orderly
interruption of the dot’s straight line procession across the screen results in vivid
apparent contours,

Ullman is not explicit about the second process, motion derived from pattern
information, Neither have their been substantiated reports of this phenomenan,
Although the creation of motion from pattern may eventually be abserved, an easier
feat might be to observe pattern influences on motion perception, The particular
phenomenon that this reseach seeks to find an infl. ence of stimulus patterr on
perceived direction of a moving abject,

An alternative theory of motion perception has been proposed by Mather (1930) and
in more explicit terms by Marshak (1981), The latter theory attempts to tie together
rhysiology and psychophyics into a can.prehensive theory of how motion is perceived,

The new model is called the vector model, for reasons which will be apparent
later. The vector model for motion perception consists of three stages of processing,
These stages are represented as operating in a serial fashion, but this is not a
necessary feature of the model,




The model’s first stage consists of a collection of directionally tuned, motion
sensitive units, The response to motion of these units will be based on operating
characteristics of motion sensitive neurons and psychophysical evidence. Maximum
activation of each wiit is achieved by motion in that unit’s preterred direction;
less activity results from motion in directions other than its preferred direction,

The directional range of activity spans 45 degrees either side of the unit’s preferred
direction, gradualiy diminishing with increased deviation from that preferred
direction, A Gaussian distribution of response amplitude over directions is assumed,
This and two other assumptions are used! 1) all directionally sensitive units have
the same tuning functions and 2) preferred directions are equally distributed over the
possible angles, The assumed Gaussian distribution of activity, homogeneity of
response functions and homogeneous density of sensitive directions, are also not
necessary conditions in the vector models They are made to simplify explanation of
the model,

Each DS unit’s output can be represented by a vector in a polar coordinate
system; hence the model’s name. The arientation of the unit’s vector lies 2long that
unit’s preferred direction of motion. The vector’s length is proportionate to the
activation of that unit, Direction of motion is the most important determinant of
vector length, but, using visual neurons as a model for the unit vector, other
factors may also determine vector length,

Before the broadly distributed activity among directionally sensitive units
produced by a moving stimuli can serve as the basis for direction perception, some
narrowing of the activity must take place, This is accomplished in the vector model
by a second, inhibitory stage of processing, Upon its activation, each directionally
sensitive unit exerts an inhibitory influence on units of similar preferred
directions, The size of the inhibitory effect increases with directional differences
from the unit’s preferred direction up to a maximum, then diminishes with greater
directional separation. This presummed distribution of inhibition was derived trom
interactions of moving directions (Marshak and Sekuler, 1979).

The final stage in direction perception is the decision stage which uses the net
distribution of activation, the combination of activation and inhibition, among the S
units to determine the perceived direction,

There are two possibilities for the decision mechanism, The first mode 1s a peak
detector, This decision mechanism would seek the longest DS unit vector and take that
unit’s preferred direction as the perceived direction, This is a form of the "labeled
line" model used in vision and other domains (Lettvin et al,, 1941), The peak
detection mechanism is simple and capable of accounting for at least part of the known
phenomenon.

The alternative decision mechanism is modeled after the mathematical aperation of
vector summation. In this more complex process, the directionally sensitive unit
vectors would be summed by vector algehra to determine the perceived direction of
motion, The vector sum mechanism under most conditions makes the same predictions
about perceived direction as the peak detector, The summation of vectors has greater
flexibility to describe other motion phenomenon, particularly motion aftereffect
(Marshak, 1921), The madel and its three stages are summarized in Figure 1,




Insert Figure 1 here

A less detailed but similar model was proposed hy Mather (1930) as a
“distribution shift" model. In his theory, Mather said there exists an array of
motion censitive elements which serve as the basis of perception of direction,
Various 1llusions and distortions in direction perception are a result of changes in
the distribution of activity within the array of motion sensitive elements. Although
the distribution shirt and vector models have similar underlying logic, the vector
model is much more explicit about how the mechanism operates and because of this, can
generate more testable predictions,

The source of pattern influence on the perception of motion’s direction comes
from the stage one of the vector model, Unit’s vector length is determined not only
by the direction of motion, but by the temporal frequencies generated by {he moving
objects Those temporal frequencies are a product of velocity, and the spatial
frequency of the moving object, The velocity and the pattern of a moving ohject may
produce activiation of units in the vector model which have peak activation or
assymetries in activation which indicate other than the real direction of motion.
This is especially true if a vector sum is used as a basis for the decision.

There is some neurophysiological data to support the notion that pattern may
influence the activity of directionally sensitive cells, Movshon (1920) has recorded
the directioral tuning function of complex cells in cat visual cortex, When
stimulated with randam dot patterns moving in a single direction; c~lls responded to a
broader range of directions than with gratings as the stimulus, Mcvshon attributed
this broadened tuning function to the spatio-temparal characteristics of the random
dot patterns, Pantle (1974) psychophyeically demonstrated that the visual system
responds to temporal frequencies of moving visual stimuli, Since dot patterns have
power in all orientations, Movshon argued that a range of temporal frequendies are
generated at varying angular differences from the direction of motion, Moving dot
patterns generate temporal frequencies in cells which are sensitive to directions
other than the directior of stimulus motion,

When Movshon moved dots at velocities higher than the cell’s optimum . slocity, a
strange bi-lobed tuning function was observed. This was again attributed to the
distribution of temporal frequencies over directions other than the direction in which
the dots moved, At such high velocities, the resulting temmporal frequendes were
beyond the sensitive range of cells sensitive to the direcl.ua of motion. Frequedes
are generated in other directions which fali off with a cocsine function i~
increasing directional difference, These lower temporal frequencies witnin the
complex cell sensitivity range, Since those temporal frequencies can oe found to
either side of the direction of motion, a bi-lobed tuning function reculted,

Using Movshon’s findings as a basis for the vector model, if moving stimuli were
created with distinctive two dimensional fourier spectra arnd were moved at certain
veloaites, then unit vectors in the direction of motion may not be the most active,
This deviation 1n the distribution of unit vector activity should result in systematic
misperception of the stimuli’s direction of motion,




The present experiment will test this one prediction of the vector model. When
an object with a non-uniform two dimensional fourier transform moves through the
visual space and no backround references are available, systematic errors in the
perceived direction of motion should occurs These errors in perceived direction
should occur in directions toward the orientation of the spatial ensrgy, These errors
will gccur only at angles adjacent to the energy loaded orientatin -  ¥Then stimuli
with uniform two--dimensional fourier spectra are moved, no suc'. .= -~uaticerror
should be observed,

METHOD

Displays ware created using the Apple II computer driving 3 S +« Ziodel VM4206
raster scan monitor with P4 phosphaor, The menitor face was view . .arough a droular
mask, The mask and display face were illuminated by a 20 watt 1., .. .ulb ant were of
approximately the same brightness and relatively free of shadows. Tae illumination
and low contrast-brightness settings helped eliminate phosphor persistance acting as a
cues Also, the arrangement minimizes edge effects on percertion of the stimuli
(Kelly, 1977}, Stimulus contrast was approximately 10 times visual threshold as
estimated using neutral density filters, Viewing distance was from 57 cm so that the
visible screen cuvtended a diameter of 14 degrees of visual angle, A central fixatiun
point was creatrd by the computer and was always visible to help mainain fixation,

Stimuli consisted of simple shapes held in shape tables and moved by sucessive
DRAW ne and XDRAWing commands from APPFLESOFT BASIC, Before each trial, the computer
dete-nined a path which wauld take the shape through the central fixation point with
half uf its trajectory either side of that point, The travel covered an average of
S degrees of the central screen area, As mentioned before, to maintain directional
control velocity control was sacrific2dy Thus, velr.ities varied between 4.8 and 5«
d=grees per second.

Observers were instructed to maintain {heir stare at the fixation point while the
moving target traversed their visual field, This is difficult to do, spn two oractice
sessions were held to develop this skill, The procedure prevents the abservers from
using the orientation of the trajectory as a hasis for their directional judgement,

Immediately after the stimulus completed its trajectory, a flashing short line
segment appeared on the edge of an invisible circle whose diameter was 11,2 degrees or
visual angle, Stimulus trajectory never crossed this circle and was limited to a
deviation of three degrees from the fixation point, The pointer’s initial position
was random plus or minus 30 degrees from the actual direction of motion, The observer
used the Apple II paddle potentiometer to rotate the pointer about the fixation point
to indicate the radius of the imaginary circle which corresponded to the direction of
stimulus travel. Resolution of the indicated direction was one degree. If the
potentiometer could not be rotated sifficiently, a short press of the paddle button
reversed the mapping allowing the observer to report all possible directions. A long
button press registered the perceived direction ard after a short, variable time
interval, startea the next trial for self-paced stiinulus presentations,

Four independent variables were employed in the experiment, The first variable
was directions of motion, of which there were 13 between 0 ‘rightward) and 180 degrees
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(leftward) in approximately 15 degree inzrements, The actural directions varied
slightly due to velocity and direction constraints of the Apple II ‘s relatively iow
resolution HIRES graphics (279 x 192 resolution),

Second variable was the three shapes were used as moving targets, One was a
triangle which was as near to isosoles as the computer screen permitted, The seconu
was an &. agon, which was as close t) a drcle as war possibles A circle would have a
two—-dimensional fourier spectra with equal energy in all directions, The last shape
was a pattern of random dots which subtended a 1.3 degree square area, about the same
size as the other stimulis Dot position within the area was determined by a random
number table, Random dots also have a two-dimensional fourier spectra with equal
energy in all directions, hese last two shapes served as control for possible
confounds,

The. {hird independent variable was shape rotation, Shapes were presented eithe.
in the:r ariginally defined form or rotated approximately 30 degrees clockwise, Sor =
smearinc and modification of the shapes occured because of the rotation process and
the Apple II's manner of accomplishing it but the shapes maintained their basic form.

The last independent variable were the subjects; since a repeated measure
procedure was employed. There were three different subiects iy the experiment,
resulting in three levels of this random variable,

Each observation session consiste 1 of 52 trials, Four judgements were made al
each of the 13 directions within each sessions Only one shape and rotation were
employed during a session., Three sessions were run at each of three shape and two
rotation combinations, requiring a total o eighteen sessions, Order of
shape-rotation combinations was random and differe~t for each observer, This resulted
in 12 observations under each of the independent v_, iable combinations,

RESULTS

There was a great deal of variation in the pattern of perceived direction between
the different observers, The results in one of the conditions whare systematic
perceptual arrors were expected, the rotated triangle condition, are plotted i1n Figure
Twn,

Ir..ert Figure Two Here

The expericnced and non-niave abserver, WPM, exhibited the anticipated perceptual
errar, At directions less than the orientation of the tiiangle vertices, he
overestimated the perceived direction, At directions greater than the orientation of
the vertizes, he underestimated perceived direction, The other two niave,
inexperienced observers did nol exhibit a symilar pattern of error, contrary to the
vector model expectations,

Because of the inconsistancy of the signed error data, further analysis used the
absolute error to see if more error occured with the triangle than the other shapes,
The maz1 abeolitte error was analyzed using a 3 x Z x 13 x 2 analysis of variance,
repeaied neasure design. The resulting summary table is presented in Table A,




Insert Table A Here

Unfortunately, the predicted shape effect did not achieve significance. In fact, the
only effect to achieve significance was a direction effect {(p < /01 ). In order to
understand this direction effect, the absolute ervors of all three subjecis were
averaged and plotted in Figure Three.

Insert Figure Three Here

HMost accurate perception of perceived direction occurred at the horizontal and
vertical orientations. The poorest accuracy seemed occur at the off axis diagonal
divections.

Directional aceuracy is ciearly ansitropicy unequal in all directions. This
contradicts earlier ohservations by Marshak (1981) with full field random dot patterns
that accuracy was the same in all directions., The effect was most pronounced in the
two inexperienced cadet observers, It may he their inexperience, or in the difference
of the stimuli that resulted in the pronounced ansitropy.

DISCUSSION

The results were not at all supportive of the vector models There are several
possible reasons why the predicted qutcome did not accurs First, it is doubtful that
a single shape had a significant effect on the two-dimensional fourier spectrum of the
target, It this were true, systematic errors would not occury Unfortunately, ir:age
analysis was not possible to support or deny this possibility, The appropriate unage
analysis must be performed on the stimuli to determine if -his is true., Also, the
experiment must be replicated with stimuli which inove radically alter the
ditstribL':on of spatial energy and at a range of velocities to better capture the
pattern—motion interaction effects,

It may also be that the unanticipated directional accuracy ansitropy obscured the
effect, Certzinly, following experiments will further exanine the directional
arcuracy ansitrocy, If its existance is confirmed, then the ansitropy must be taken
into account when choosing orientations and directions of moving targets,

In conclusion, the vector model proposed in the introduction is not supported by
the data from the present experiment, However, that model’s sucess in explaining and
predicting other perceptual phenomena (Marshak, 1981) indicates further, more refined
tests of the motion-pattern prediction should be made. The canvergent theory and
experimental data in the literature and my prior work all suggest that percieved
direction of motion can be influence by a moving object’s shape,
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Figure 1

A schematic representation of the vector model for the perception of motion.
A, Motion is portrayed in a polar coordinate system, A stimulus moving through 90
degrees is presented to the model.
B. The base line or unstimulated activity level of the directionally sensitive units
is represented by the dashed circle, Only representative vectors exceeding this
activity level are represented, Each unit sensitive to 90 degree motion increases its
activity in proportian to where that direction intersects the unit’s tuning function.
Unit activity is represented by a vector lying in the unit’s preferred direction and
whose length is proportionate to activation,
C. At the same or subsequent level, active units exert inhibition on other units
whose preferred directions are similar, This results in reduced activity in most
units, but more pronounced in units whose direction is different from the direction of
motion.
D. The .esulting distribution of activity is the basis for perceived direction, Two
alternative decision mechanisms are proposed, Either the longest vector (peak) or
average of the vectors (vector sum) determines perceived direction.
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Proposed New Vision Standards: Contrast Sensitivity

David W. Evans and Arthur P. Ginsburg
Aviation Vision Laboratory
Human Engineering Division
Air Force Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

The Air Force mission is to fly and fight and today the most important
component of this mission is the human operator. While many human senses are
used during flight, the visual system takes major responsibility for
information processing. Even with the advancement of radar and electro-
optical sensing devices, visual acquisition is still the most important
determinant for success in air-to-air combat. He who detects the enemy
first has the best chance of survival and success in a combat situation.
Furthermore, superior visual performance can reduce wor.load by reducing
the amount of visual search needed to perform a particular task. Conse-
quently, it is important that pilots, as well as other personnel involved in
visual task performance, have the best possible visual capability. To
ensure this, stringent visual standards should exist.

Present visual standards rely primarily on the acuity test. Acuity
measures visual resolution of small high-contrast letters or objects. This
provides a single number for visual capability (e.g., 20/20 or 6/6).
Although the acuity measure is quite useful for certain situations, when
compared to other types of sensory testing, such as auditory testing, its
limitations become apparent. Whereas an audiogram provides sensitivity
over the wide range of temporal stimuli normally encountered in everyday
situations, visual acuity provides information on sensitivity to only one
range of spatial stimuli, small high-contrast objects. An audiologist would
scoff at a hearing test that measures sensitivity to only one high-inten-
sity, high-frequency tone, yet a single number has been used for many years
as the unitary measure of visual capability. It is no wonder that
researchers (Sivak et. al. 1981) have found little relationship between
visual performance based on acuity and actual visual task performance. What
is needed, if relevant visual standards are to exist, is a measure that
relates directly to visual task performance. This measure must test across
the wide range of object sizes and contrasts encountered in the everyday
visual world. Here, contrast sensitivity is proposed as a useful measure of
visual capability.

Contrast sensitivity tests vision in terms of the fundamental spatial
frequency component; the spatial sine wave. Varying spatial frequency
sine-wave gratings are displayed on a screen and the subject adjusts the
contrast until each grating is just detectable. A typical contrast sensi-
tivity function is shown in Fig. 1. The x-axis is the spatial frequency of
the sine-wave yrating in units of cycles per degree of visual angle, while
the y-axis is contrast sensitivity or the reciprocal of the contrast just
needed to detect the grating. Contrast sensitivity, then, is a measure of
the visibility of different size objects under varying contrast conditions.

13
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Ginsburg (1977) demonstrated the power of the contrast sensitivity tech-
nique to detect gross deficiencies in visibility where standard measures
could not. For example, Figure 2 shuws contrast sensitivity of amultiple
sclerosis patient, C.H., who complained of the visibility in one eye as
compared to the other. The optometrist found both eyes to be the same when
measured with Snellen acuity, 6/6 (European equivalent of 20/20) yet
contrast sensitivity showed a factor of four difference between eyes at
certain spatial frequencies. This reduction in visibility, undetected by
Snellen acuity, was quantified by contrast sensitivity.

- - - = o = o

If such large differences in visibility go undetected by standard
measures, one may question to what extent smaller deficiencies also go
undetected. To determine this, individual differences within the popu-
lation must be quantified.

Individual Differences in Contrast Sensitivity
Figure 3 shows the results of one of the first studies testing
individual differences in contrast sensitivity. The contrast sensitivity

functions of three pilots are shown (Ginsburg, 1978). Although all three
pilots are similar in Snellen acuity, ranging from 20/15 to 20/25, there are
significant differences in contrast sensitivity below 7 cycles/degree.
Furthermore, the pilot who had the worst Snellen acuity, 20/25, was a factor
of three more sensitive than the 20/20 subject at the peak spatial
frequency, four cycles/degree. Similar results have been found with large
numbers of subjects. Figure 4 (Ginsburg et. al., 1980) shows data
collected on 265 subjects. The thick black curve is the median while the
dashed and thinner black curves capture the 75th and 90th percentiles,
respectively. A factor of three difference tetween the 90ih percentile
curves exists at the peak spatial frequency. The difference at the lower
and higher spatial frequencies are even greater. This result shows that

14
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large individual differences in contrast sensitivity exist across the
population. To what extent these individual differences in contrast
sensitivity affect visual task performance is yet another question.

Predicting Visual Performance

For any measure to be relevant to the operational community, it must
be able to predict performance. In 1981, Ginsburg and Evans showed
contrast  sensitivity could be used to predict target acquisition
performance of static targets. The contrast sensitivities of seven Air
Force personnel were measured along with their detection and identifi-
cation performance for Snellen letters and aircraft silhouettes. Corre-
lations between contrast sensitivity and performance were quite high
(>.73). Standing alone, these correlations are an important result, yet
they do not typify the true predictive power of the contrast sensitivity
measure. In the correlations, all subjects were grouped together and
individual differences were de-emphasized. A striking example of indi-
vidual difference appeared between two subjects in this study as contrast
sen. tivity and Snellen acuity predicted opposite results. Subject A3 has
20/20 binocular Snellen acuity while A5 has 20/30 binocular Snellen acuity
(subjects were tested without corrective lenses). If target acquisition
performance could be determined by Snellen acuity, then A3 would have been
predicted to do better than A5. This is not the case. Comparing contrast
sensitivity functions (Fig. 5) of A3 and A5, we find that A5 is much more
sensitive in the mid-frequency region of the curve (iwo to twelve
cycles/degree). Accordingly, A5's performance for detection and iden-

- o T = . - - s - -

_______________________________

tification of the large and medium size letters and aircraft silhouettes
is much better than subject A3. performance on the smaller, higher
contrast letters and aircraft silhouettes, A3 has better performance.
This is expected, since their contrast sensitivity curves cross in the high
frequency region (smaller objects) and A3 “ecomes more sensitive than A5.
This demonstrates that in order to presict visual performance, a test,
such as contrast sensitivity, which measures across a wide range of object
sizes and contrasts, must be used.

The previous study was limited to static coraitions. A more demanding
test requires prediction of visual performance :a a complex real-world
task. In 1981 Ginsburg, Evans, Sekuler and Hary ran the first study
relating individual pilot contrast sensitivity to a:r-to-ground target
detection in a visual flight simulator.

15




The photopic (210 cd/m2) and scotopic (.21 cd/m2) Snellen acuities
and photopic (150 cd/m2) and scotopic (.15 cd/m¢) contrast sensitivities
of 11 Air Force instructor pilots were tested. They also performed an
air-to-ground detection task in a simulated A-10 instrument 1landing
approach. The pilots were not flying the simulator but acting as passive
observers, as the visual scene was slaved from another simulator being
flown by another pilot. The task was to detect a MIG aircraft positioned
at the end of the runway. The MIG was presented at random so that the pilot
did not know in which trials the MIG would be present.

The highest correlations were found between photopic and scotopic peak
contrast sensitivity and air-to-ground detection performance; r=.24 and
r=.83, respectively. The lowest correlations occurred between photopic
and scotopic Snellen acuity and the detection task, r=-.24 and r=-.13,
respectively. The higher correlation found with the Tow Tuminance
contrast sensitivity was expected since the Tuminance in the simulator
(1.9 cd/m2) more closely matched the scotopic contrast sensitivity
luminance. Figure 6 shows both photopic and scotopic contrast sensi-
tivities of the pilots and the scatter diagrams for detection performance
and scotopic contrast sensitivity and Snellen acuity. Even though both
contrast sensitivity and Snellen acuity are matched for Tluminance,
contrast sensitivity predicts performance; Snellen acuity does not. This
result again demonstrates predicting visual performance requires mea-
suring vision across varying object sizes and contrasts.

Conclusions

This brief paper has presented data to show that contrast sensitivity
can be used as a relevant measure of visual capability. Not only can it
detect individual differences in visual capability, but it can relate
these differences to task performance. We suggest that further contrast
sensitivity data be collected across DoD personnel in conjunction with the
conventional acuity measure. These data can then be used to develop
standards that relate directly to task porformance. In turn, these stand-
ards will help optimize the most importunt aspect of the Air Force mission:
the human operator.
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The contrast sensitivity functions of three pilots with

Snellen acuities of 20/15, 20/20 and 20/25.
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FIG. 5

Contrast sensitivity to sine-wave gratings, and detecting and identifying
letters and aircraft silhouettes for subjects having 20/20, 20/30 and
20/50 binocular Snellen acuity. (from Ginsburg and Evans 1981).
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The uppermost curves show the contrast sensitivity functions of 11 Air
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the pilots and their detection range for a ground target, lower plots,
shows contrast sensitivity predicts performance, visual acuity does not.
(from Ginsburz, Evans, Sekuler and Harp, in press 1981).
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PILOT SELECTION FOR TARGET DETECTION
Russell A. Benel and Denise C.R. Benel
Essex Corporation
Abstract

The tacit assumption that the observer with "normal" vision has a relaxed st. : of
accommodation at optical infinity has been shown to be false in most specific "nstances.
Evidence suggests that, in the absence of patterned stimuli, observers assume a
characteristic intermediate position of visual accommodation (commonly referred to as
the dark focus). Since individuals vary in the precise position of their dark focus and the
dark focus appears predictive of certain aspects of visual performance, it is likely that
use of the measured dark focus might improve the selection and classification of pilots.
This paper reviews the available data and presents a program to determine the potential
use of the dark focus for pilot selection and classification.

A puzzling and persistent problem has been the manifestation of inappropriate visual
accommodation, i.e., the observer is focused nearer or farther than would be expected.
Night myopia has been known for at least two centuries, with the report in 1789, by Lord
Maskelyne, the roya! astronomer, that the use of a negative lens facilitated his night
observation. "Empty field myopia" (or "space myopia") has been discussed in detail by
Whiteside (1957) with particular reference to high altitude flight Also, when looking
through microscopes, observers typically exhibit unnecessary increases in accommodation
referred to as "instrument myopia" (Hennessy, 1975).

The heuristic explanation can be described by the intermediate resting state of
accommodation after Schober's (1954) Akkommodationsruhelage. This is merely a
descriptive statement that the eye has a natural tendency to focus at an intermediate
position approximately at arm's length. The alternative, traditional view (after
Helmholtz, 1867/1962) is that the resting position of accommodation is at optical infinity.
This theory was consistent with several assumed properties of the visual system. Aside
from the scientific arguments, there is a semantic impetus for the optical infinity or zero
diopter (diopters are the reciprocal of the focal distance in meters) resting position. As
Morgan (1957) ccgently noted, the absence of activity is best represented by zero.
Evidence to support an intermediate resting distance is now ample.

Anomalous Myopias
The anomalous myopias have a long, but equivocal history. For example, night

myopia has been reported many times over the past 200 years, but its cause has been in
dispute. Liebowitz and Owens (1975) provided substantive evidence for an accommoda-
tion-based explanation finding the measured dark focus (the focus of the eye in absolute
darkness) to correlate quite highly (r =.84) with the observers visual response to a
simulated twilight view of a distant building. They also demonstrated a similar
correlation between the dark focus and empty-field myopia. Empty-field (space or sky)
myopia is manifested when viewing an unstructured field (Ganzfeld) such as a clear sky.
The potential impact of this phenomenon is most clearly exemplified by Whiteside's (1957,
p. 67) description of air-to-air search above the clouds:

. . . the direction which it would appear was known. In spite of this help,

when the target aircraft was (ital. his) seen it was almost invariably

detected clearly and suddenly and was much nearer than would have been

expected . . . the impression of the difficulty in focusing was so strong as

to give rise to a sensation of disorientation such as is sometimes

experienced when one is in total darkness.
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In contrast to the previous myopias, instrument myopia occurs during observation of
targets of high contrast and rich detail. Hennessy (1975) reported that luminance,
magnification, wave length, and visual angle of the fie!1 have all been varied with little
effect on the magnitude of instrument myopia. He found that the mean refractive state
while viewing a square-wave target through the microscope was 1.91 D. This
corresponded closely with the observers' responses in the dark (r=.78). Hennessy
concluded that instrument myopia and the dark focus are manifestations of the same
phenomenon, the resting state of accommodation.

The Mandelbaum Effect

Frequently, observation of distant targets occurs through an interposed surface,
e.g., a windscreen. Hence, the eye may focus either the interposed surface or the target
object. Whiteside (1957) observed that some pilots focused spots on the aircraft canopy
during air-to-air search, but Mandelbaum (1960) was apparently first to document the
circumstances under which the interposed texture was focused rather than the desired
object. He subsequently demonstrated informally that involuntary accommodation to the
screen caused acuity loss, also noting large individual differences in the critical subject-
to-screen distance. Owens (1979) and Benel (1979) found that the "Mandelbaum effect" is
greatest when the interposed screen and the observer's dark focus correspond, i.e., the eye
exhibited an inherent bias toward objects presented near the dark focus.

The Dark Focus

A proper test for a "resting" state can only be conducted when the lowest level of
ambient stimuiation is present. Morgan (1957) proposes two possible conditions in which
visual stimuli are reduced to the minimum — in complete darkness and in a luminous but
completely empty visual field. The exact value that the eye assumes varies widely among
observers. Leibowitz and Owens (1975) collected accommodative responses in the dark
from 124 college students and found the mean DF to be approximately 1.7 D (59 cm). All
observers had at least 20/25 corrected near and far acuity. Only four observers had a DF
of 0.5 D or less. According to the classical view, the majority should have had responses
in darkness corresponding to optical infinity. The distribution is approximately normally
distributed with a standard deviation of 0.72 D and a range of 4 D. Leibowitz and Owens
(1978) replicated the essential findings of their earlier study with 220 college students
who had a mean measured DF of 1.5 D. Simonelli (1979) provided evidence for the
profound sampling effects that may occur in these measurements. Between college
students and US Air Force recruits he demonstrated a difference of 1.5 D in the measured
DF (approximately 1.2 D for recruits and 2.7 D for students).

Potential Selection Measures

Marano (1981) reviewed the history of visual acuity testing at the 1981 Meeting of
the Aerospace Medial Association (ASMA). A number of "standards" were covered
including the ubiquitous Snellen chart from which we have derived our measure of 20/20
vision. This measure is based on "the minimum visible and the minimum separable of an
object." A variety of alternatives have been proposed over the years since Donders first
presented Snellen's test types in 1862. Nearly all alternatives have been based on t*-
minimal discriminable form at a given distance.

At this same ASMA meeting Ginsburg and Evans (1981) presented a cogent argument
for improving visual standards by considering additional visual parameters. To quote,
"Visual standards based on an ability to see small, high-contrast letters or symbols are
inadequate to evaluate visual capability for target acquisition over ranges of target size
and contrast found in operational environments." They propose to incorporate the
measure of contrast sensitivity which uses the visibility of sine-wave gratings to assess
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visual capability. This measure predicts target detection and identification performancz
better than standard acuity measures. Owens (1980) compared accomodative responsive-
ness and contrast sensitivity for sinusoidal gratings noting that steady-state accommoda-
tion is a linear function of object distance. Thus, one i.dex of stimulus effectiveness is
the slope of the accommodative response function (see Benel, 1980). Two points are
evident in Owens' data. One is that contrast resolution and accommodative responsive-
ness share common spatial response characteristics. This may be seen in the high
correlation between accommodative responsiveness and contrast sensitivity and the
tendency for accommodation to return to the DF whenever the gratings would appez. to
fade (due to adaptation).

The DF itself is a relatively new measure in the arena of individual visual
characteristics. The DF has been shown to be highly predictive of visual functioning of
settings. For present purposes, the most interesting correlate of the dark focus is target
detection performance. In Owens' (1980) work sine-wave gratings disappeared when
observers accommodation was not accurately matched to the presentation distance.
Whiteside (1957) reported the inability of pilots to detect objects in empty fields until
they were very near. Post, Owens, Owens and Liebowitz (1979) reported the possibility of
improved detection performance in empty fields by "correcting” the DF which 1s
functionally equivalent to selecting those with a more distant DF. Thus, it seems that a
distant DF would be a useful attribute for those attempting such tasks as air-to-air
search.

Stability of the Dark Focus

An important consideration before utilizing the DF in selection, prediction, etc., is
its temporal stability, both "trait" stability and “state" stability. The former is ind.cative
of a long term invariance in the measure — something characteristic of the person. The
latter is indicative of temporary fluctuations about such a trait level.

Evidence of DF shifts with mood is limited. Miller (1978) actually measured DF,
but the state shifts showed trends only — no strong relatiorships. Similarly, Westheimer
(1957) (investigating the resting position in empty field) angered subjects by insults from
the experimenter and observed a rise in accommodation lasting several minutes. This
does not refute the DF is a reliable measure of visual functioning. In fact, similar results
are often found in the time-honored acuity measures. In terms of the potential for pilot
selection/classification a cautionary note would be in order. Just as those with marginal
acuity might fail to meet acuity standards, it would be expected that a number of
individuals with a marginal DF might fail to prove acceptable on one measurement
instance, but would "pass" on a second. Whether individuals with this type of lability
should be acceptable or not is an empirical question.

As for trait stability, Miller (1978) reported stability over two to three weeks. His
subjects, however, were measured only two days each week, morning and afternoon,
yielding a maximum of twelve measurement times per subject. Owens and Higgins (1979)
reported individual differences in the magnitude and pattern of variability of the DF, but
the subjects oscillated about a stable mean DF over a one-year period. \ershon and
Amerson (1980) have shown that the variability of the DF can be less than +.3 D when
time of day is controlled.

Measuring the Dark Focus

Numerous method: and instruments have been proposed for measuring the refractive
state of the eye. In clinical practice retinoscopy is one common method and has been
adapted to the measurement of the dark focus. The instrument requires considerable
training and practice to use. A number of alternative devices have been developed to
measure accommodation objectively. Some of these devices are quite complex and




expensive (e.g., the SRI infrared optometer and eye tracker). Although the more complex
devices may provide continuous readout of accommodation, for dark focus measurement a
momentary reading is sufficient. A second drawback to continuous recording optometers
is the difficulty of calibrating an observer's response to optical infinity.

The laser optometer (Leibowitz and Hennessy, 1975) overcomes this latter
drawback. By using the Badal principle a compact, portable device may be constructed
which provides an objective measure of the true refractive state. In practice, a
bracketing procedure is used to determine the distance of accommodation. One major
advantage of this device is the fact that the laser speckle pattern does not serve as an
accommodative cue. Therefore, unconfounded measures of the dark focus are possible.
the device requires modest training for users, is relatively unobtrusive, and has an
historical precedent for its use.

If the laser optometer has any drawbacks at all, they would be the use of a laser and
the possibility that some individuals, for unknown reasons, can't be measured by this
technique.  Simonelli (1979) describes an alternative device that is elegant in its
simplicity. It incorporates the Scheiner principle through use of split polarizing filter
material as a vernier. Rather than report apparent speckle flow as in laser optometry,
the observer merely reports alignment or misalignment of the vernier bars, Simonelli's
device incorporated a shutter (to reduce exposure time so as not to allow accommodation
to change) and the Badal principle to allow a compact size. Also, the device is quite
accurate with resolution approaching 0.1 D. In a comparison with the laser optometer,
Simonelli found a high correlation between the two devices (r =.23) and no reliable
difference between readings. He also determined a high test-retest reliability for his
device (r = .94). In subjective ratings of confidence of response and ease of use the
vernie optometer was favored. Although there may be a number of circumstances for
which :he laser optometer would still be the instrument of choice, for simple dark focus
measures the polarized vernjer optometer holds many advantages.

A Research Program Plan

First, a clinically reliable screening instrument should be fully developed.
Simonelli's device appears most promising from the standpoint of cost and ease of use.
Several changes should be incorporated in the device including the ability to measure each
eye individually and a rapid method of aligning the pupil with the split polarized material.
These changes would allow a larger number of people to be measured in given period. A
relatively large normative sample should be tested. The current evidence is insufficient
to provide reasonable bounds for the actual distribution of this visual characteristic in the
population. Also, there is evidence for a change in distribution characteristics with the
mean age of the cohort being measured. Additional data should be collected on test-
retest reliability. The reliability should be no worse than that of other visual standards
(i.e., acuity tests). There may be individual differences in lability with implications for
target detection performance. Research must be conducted to elucidate the relationship
between detection performance and the DF. Thus, some estimate of detection
performance confidence limits would be established. Thz evidence suggests that
detection performance would be enhanced for those with a distant DF. The relationship
between the improvement due to the DF and that reportedly related to contrast
ser.oitivity 1s unknown. Therefore, additional work is required on the relation between the
DF and other measures of visual functioning (e.g., ccntrast sensitivity, acuity, and
refractive indices). Even with the availability of highly sophisticated electronic detection
and tracking equipment, the piiot with initial visual acquisition of his target will be likely
to survive in air-to-air combat. The competitive edge will go to the pilot with first sight
capability.  Whether this comes through improved selection, visual training, and/or
prosthetic devices (glasses) is immaterial. The absence of that capability is an
unacceptable risk. A risk that would be eliminated through this research.
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EFFECTS OF TASK PERFORMANCE ON VISUAL
ACCOMMODATION AND PERCEIVED SIZE

Valerie J. Gawron
Arvin/Calspan
Buffalo, NY

Kenneth R. Paap
New Mexico State University
Las Cruces, NM

ABSTRACT

Previous research has suggested that cognitive tasks tend

to induce outward shifts in accommodation that, in turn,
result in changes in size perception. To test this hypothe-
sis, we asked 12 people to rest or to perform a running-
memory task with auditory stimuli or visual stimuli and

to make 4 size judgments under each condition. Comparisons
of mean—accommodation measures (obtained using an infrared
optometer) and pre- and post—-experiment dark-focus measures
yielded no reliable differences.

INTRODUCTION

In most systems, operator performance depends on visual information; e.g.,
an airplanz pilot often makes decisions bhased on what he or she sees beyond
the windscreen. Do tasks involving high levels of risk, uncertainty, or
difficulty induce internal states (e.g., stress, arousal, high demands on
cognitive-processing capacity) that trigger physiological changes directly
affecting visual perception?

As shown in the summary of previous research (Table 1), compelling, indirect
evidence exists to support the hypothesis that cognitive~task performance
tends to induce outward shifts in accommodation that affect the veridicality
of an operator's percepts,

RESEARCH STRATEGY AND METHODOLOGY

While the findings of these investigations generally support the hypothesis
that task performance results in an outward accommodative shift and that
accommodation and perceived size are in some way related, they are open to
alternative interpretations. To clarify the roles of other potentially influ-
encing variables, this study imposed 3 controls: (1) to ensure that outward
accommodative shifts could not be attributed to either the simple passage of
time or the presence of memory-task stimuli, subjects were presented with
memory-task stimuli, but were instructed to ignore them; (2) to eliminate the
possibility of outward shifts toward the resting position as a result of accom-
modative fatigue (caused by a subject carefully fixating stimuli and making
numerous oculomotor adjustments), the same memory task was presented in both
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the visual and auditory modes (similar results in both modes favor the
cognitive~-lnad/sympathetic-activation explanation over the accommodative
fatigue explanation); and (3) to ensure that results would not be confounded
by potentiation effects in the extraocular muscles, the visual display was
placed at 35 cm [an average Physiological Position of Rest (PPR)] and
viewed nonocularly. Pre-test and post-test measures were recorded for the
percei-»d straight-ahead view for each eye alone, and accommodation was
measur.{ under reduced visual conditions.

{aven ':n and 5 women, all having normal vision without correction and varying
in age:. from 18 to 30, participated in all four conditions produced by factori-
2lly c: bining the two levels of task variable (i.e., performing or not per-
forming the cognitive task) and the two levels of modality (i.e., aural or
visual letter stimuli). Each condition lasted 4 minutes and the order of
condition presented was counterbalanced across subjects. Before pr2sentation
cf each condition, subjects were informed whether they would perfora the cog-
nitive task and whether the letter stimuli would be visual or aural. Visual
gingloe-~letter stimuli were presented for 500 msec at 3-second intervals; aural
singl2~letter stimuli of equal duration and intensity were presented from a
high~quality tape through a loudspeaker, also at 3-second interval:. An ADAC
LSI-11/03 'microprocessor controlled event timing, generated visual stimuli,
and recorded subject response. An infrared optometer (Cornsweet and Crane,
1670) was used to measure accommodation, providing continuous, objective, and
nonobtrusive cstimates of left-eye accommodation.

Cognitive Task. Subjects were told that single letters would be presented

vigually or aurally and were instructed to make a keyboard respons: based upon
the present letter and the letter one back in the sequence. They were also
given n list of words that could be formed by inserting the vowels e, i, or o
between successive pairs of stimulus letters, Whenever the preceding and
curren: stimulus letters could be used to form a 3-letter word by mentally
inserting e, 1, or o, the subject was instructed to press the left key; if no

.word could be fcrmed, the subject was instructed to press the right key. This

is a reasonably difficult cognitive task since the subject must update and
hold the last letter presented in short-term memory, mentally insert each
vowel into the context formed by the last and current letter, and make a
lexical decision about each letter string until a word match occurs or until
the threc vowels have bean exhausted.

Size Judgments and Accommodation Measures. Subjects were instiucted to
make - judrments n a scale from 0 to 100 in relation to a standard. If the

line werc of equal height to the standard, the judgment would be 100. If it
were hal{ as long, 50. Subjects were allowed to see the standard tefore the
experiment and were asked to make 4 size judgments during each condition.
Stimulus lines were presented 1, 2, 3, and 4 minutes after the gstart of each
condition. To measure accommodative state at stimulus onset, the 1 :e stimulus
was marked on a strip-chart recorder, concurrent accommodati:c . and ¢« .ze judg-~
ments under dark-focus conditions and accommodaticn during d: -kness -ith no
target were also recorded before and after the experiment.

-
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Straight—-ahead Tests of Muscle Potentiation, To test for muscle potentia-
tion, monocular judgments of straight-ahead focus were measured using a hori-
zontal string of dots presented on a plasma panel, while subjects were posi-
tioned in the biteboard. Subjects were instructed to focus on the dot
perceived as being "straight ahead" and to press a key as soon as the focus
dot disappeared. Dots were then successively erased at the rate of 4 dots/
sec., Based upon ten trials per eye (performed before the 4 experimental
conditions), a critical range (1 standard deviation from the mean perceived
straight-ahead focus) was calculated for each subject. If the post-test
measure fell outside the critical range for that eye, the subject's data was
discarded. Consequently, the results of this study reflect little or no
muscle potentiation.

RESULTS

Each of 12 subjects (whose pre- and post-test estimates of the PPR for the
horizontal-vergence system were within 1 standard deviation) made 4 size
judgments in each of the 4 experimental conditions. No significant differences
were found.

Using each subject's dark~focus and pre~test accommodation to the line targets
as covariates, we performed two analyses of covariance on the mean-accommodation
regponses. Neither yielded significant effects or interactionms.

Pre-test accommodation was a reliable covariate of accommodation [F (1,11) =
12.98, p < 0.01], while dark focus was not; this suggests that accommodation
was not greatly affected by target position (i.e., 35 cm) relative to the
various individual dark-focus positions. Perhaps these line targets provided
good accommodation cues, even though they were presented against a dark back-
ground and viewed monocularly.

There was also no indication that tasks had any effect on dark focus. A
repeated-measures t~test showed no reliable difference between the dark-focus
estimates taken before (2.15D) and those taken after (2.42D) task performance,

To test the possibility of a relationship between accommodation and perceived
size, we obtained a Pearson product-moment correlativon from the 72 accommodation
measures and size~-judgment errors., The 72 values included 6 means (pre-test,
post~test, and the 4 experimental conditions) for each of the 12 subjects. The
two variables were not reliably correlated (r = 0.04, p = 0.76).
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Abstract

Visual cues used by pilots to maintain altitude in low level
flight simulation were examined. In particular, terrain tex-
ture in the form of black vs. white topped inverted cones,

the presence or absence of vertical development, and the effects
of rate of motion on terrain features were investigated using
pilots who varied in flying experience. Less experienced pilots
demonstrated increases in their mean altitude and RMS deviation
with an increase in airspeed or with an increase in airspeed
combined with a lack of vertical development in terrain fea-
tures. Experienced pilots, on the other hand, only showed
increases in mean altitude and RMS deviation with an increase

in airspeed. No differences were found between the all black
and the white topped cones.

Important visual factors are involved in flight simulation
and the training of pilots. The various tasks especially
required of U.S. Air Force pilots which involve these visual
factors include formation flying and aerial refueling, low
level flight weapons delivery, and approach and landing.

The main objective of the present investigation was to examine
the depth/distance cues employed in low altitude flight.

Dr. E. L. Martin (AFHRL/OT, Williams AFB, AZ) in a preliminary
study of terrain features in the computer image generated
display (CIG) of the Advanced Simulator for Pilot Training
(ASPT) found that those features consisting of inverted tetra-
hedrons or cones with white tops showed some advantage over
all black cones in the maintenance of altitude in simulated
low level flight. This finding scemed to suggesi that a tex-
ture cue (in the form of contrast was being employed by pilots
in the simulator when using the cone terrain features. In
addition there has been some evidence that vertical develop-
ment of terrain features should also influence the depth/dis-
tance judgments in flight (Harker and Jones, 1980; Stenger,
Zimmerlin, Thomas, and Braunstein, 1981). Therefore,
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the white trianglular tops of the inverted counes were taken
from the cones and placed for all practical purposes, on the
ground (OMSL) in the CLG display ol the ASPT. Also, as dif-
ferences in texture or surface detail should vary with rate
of motion, it was decided that airspeed should be manipulated
as this should influence altitude maintenance.

Method

Subjects. Thirteen subjects participated in the first
part of the study. The subjects in the first phase of the
investigation were all B-course pilots. The B-course pilots
were relatively inexperienced pilots (average flying time of
779 hours and SD = 684) who have recently completed under-
graduate pilot training and were learning to fly the F-16.

In the second part of the study, 6 T-course pilots were em-
ployed. The T-course pilots were transitioning from other
aircraft (e.g., F-4, F-11ll, etc.) to the F-16, and therefore
had more flying experience (average flying time of 1864 hours
and SD = 767). All pilots had just completed at least 4 hours
of training in the ASPT, F-16 cockpit before participating in
the study. Thus, a total of 19 subjects were employed in the
entire investigation.

Apparatus. All subjects were run in the ASPT which con-
sists 0% two fully instrumented cockpits with wraparound visual
systems. One cockpit is configured as the A-10 and the other
as the F-16. The visual system which employs CIG consists of
seven 36-inch CRTs which provide a visual field of + or -

150 degrees horizontally and +110 to -40 degrees vertically.
This system has been described in greater detail by Buckland,
Monroe, and Mehrer (1980).

Independent Variables. The major factors which were varied
consisted of terrain texture and air speed. Terrain texture
cues were varied by using inverted tetrahedrons or cones which
had either white tops or were all black and by employing white
triangles on the ground. The cones were 35 feet high and
had about a 10 foot base. The triangles had no height and
also had a 10 foot base. The triangles essentially consisted
of the tops or bases of the inverted cones. The cones pro-
vided vexrtical development, whereas this cue was removed in
the case of the triangles. Both types of cones and the tri-
angles were distributed with an average density or separation
of 1500 feet. Thus, there were three terrain features all
with the same distribution: black cones with white tops, all
black cones, and white triangles on the ground. In addition,
there were two airspeeds: 300 KIAS and 540 KIAS. The differ-
ence in airspeed provided a rate of texturec motion which could
produce differences in a depth cue such as motion parallax.

Altitude was to be maintained under all conditions at
200 feet AGL. Ground elevation was OMSL. +the 200 foot al-
titude was chosen so as the various terrain features would
be readily visible but still represent low level flight.
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Experimental Design and Procedures. The experimental
design used in this study was a 3 X 2 factorial design (3
terrain features X 2 airspeeds) with repeated measurcs on
each variable producing a 3 X 2 within-subjects design.
Each student pilot was run for a total of 15 trials %about
1 hour and 10 minutes in duration). The first three trials
were practice trials and the student pilots were informed of
their altitude throughout the trial in order to provide
knowledge-of-results or feedback. However, during the last
12 trials they were only told how close they came to the pre-
scribed altitude at the end of the trial. Three of the six
conditions were chosen at random for the 3 practice trials,
and during the following 12 trials the 2 trials for each of
the 6 conditions were distributed randomly.

Each student pilot received both a verbal and a written
briefing prior to participation in the experiment. The stu-
dent pilot was informed that he was to fly a prescribed course
at an altitude of 200 feet and to maintain an airspeed of
either 300 or 540 KIAS. The course consisted of three legs
arranged at right angles. Each leg was seven miles long and
two miles wide. An aiming tower measuring 450 feet was po-
sitioned at the end of each leg. A tone was presented through
the student pilot's headset and served as a cue to initiate
a left or right turn as required. The turn was a 90 degree
heading change.

Each pilot was initialized to the desired altitude at the
beginning of each trial. 1In addition, whenever a pilot fell
below or exceeded his prescribed airspeed by more than 40
KIAS an automated voice said "Low, Low", etc. or "High, High",
etc. until the appropriate increases or decreases in airspeed
were made.

All pilots were questioned immediately after participating
in the experiment to determine their preference for the dif-
ferent terrain features (in rank order), and the different
cues they used to maintain altitude.

Dependent Measures and Data Analysis. The ASPT has the
capacity to record and store a wide variety of variables asso-
ciated with low level flight simulation. However, the ones
that were analyzed in this study included the mean altitude
and RMS deviation (from 200 feet) for the total course,
as well as the mean altitude and RMS deviation for the level
flight portions of Lhe courne and the Llurns. In addition, the
number of terrain crashes for each of the six conditions were
recorded.

Results
Due to space limitations only the results in terms of mean
altitude for the entire course will be considered. The other
response measures (i.e., RMS deviation for the entire course
as well as level flight and turns and the mean altitude for
level flight and turns) provided the same outcome. MANOVAs
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were carried oul on the data, and Tukey lesils were employed
where appropirate.

In general, for the B-course pilots, il was [ound Lhat
mean altitude was most affected by the variables of airspeed
(F = 157.6789; df = 1, 24; p less than 0.00001) and texture
of terrain features (F = 195.072; df = 2, 24; p less than
0.00003). Tukey tests (p less than 0.01) showed that mean
altitude increased significantly with an increase in airspeed
and when white triangles were used in place of either type of
cone (all black or white topped). 1In addition, there was a
significant subjects effect (F = 3.3996; df = 12, 24; p less
than 0.0007).

The results for the T-course or more experienced pilots
indicated that the only significant effects were for airspeed
(F = 15.8053; df = 1, 10; p less than 0.00056) and subjects
(F = 3.4305; df = 5, 10; p less than 0.012) with texture being
non-significant.

The number of terrain crashes were determined for each
terrain feature-airspeed combination for both B-course and
T-course pilots. In general, the overwhelming number of ter-
rain crashes for B-course pilots (16 out of 19) and T-course
pilots (4 out of 5) occurred for the conditions which employed
the white triangles. For both groups most crashes occurred
in the right turn (20 out of 24?.

Pilot subjects were questioned immediately after partici-
pating in the experiment with regard to their preferences of
the three terrain features and the cues they used in meintaining
their altitude. In general, B-course pilots preferred white
topped cones to all black cones, whereas the T-course pilots
preferred the black to the white topped cones. For all subjects,
the white triangles were preferred the least.

Few differences were observed between the comments of
B-course and T-course pilots with regard to the kinds of cues
they used to maintain altitude. Typical comments are sum-
marized as follows: (1) the HUD was used as a visual reference
relative to the aiming towers or the horizon; (2) the use of
peripheral vision; (3? the necessity of having vertically
developed terrain features; (4) the relative height of the
terrain features and the aiming towers; (5) the rate of move-
ment of the terrain features; (6) the size of the white triangles;
and (7) the use of the VVI on the HUD to provide an indication
of altitude.

Discussion
In general, the results obitained with both groups of
subjects (B-coursc and T-course pilots) in the presenl study
showed that airspeed had the greatest effect on the maintenance
of altitude (including mean altitude over the entire cour.e, in
level flight, and in the turns, as well as, mean RMS dev_.ation
over the entire course, in level flight, and in the turns ).




In other words, an increase in Jirspeed frem 300 to 540 KLAS
produced a significant increasc in mean altitude and RMS de-
viation. However, less experienced pilots (B-course) also
showed significantly increased altitude and RMS deviation
measures at the higher airspeed when there was a lack of ver-
tical development in the terrain features (white triangles vs.
cone ., This effect was not found with the more experienced
pilots (T-course), which suggests that they are better able

to utilize other cues in their visual environment in the

absence of vertically developed terrain features. No signif-

icant effects were found when texture in the form of contrast
was manipulated (all black vs. white topped cones) for either
group. Thus, vertical development appears to be the most
important terrain feature. This finding is emphasized when the
data for terrain crashes are examined. As previously noted
most of the crashes occurred when using the white triangles

for both groups. This indicates that vertical development is

also important to the more experienced as well as the less

experienced pilots.

A significant subject effect with both Bcourse and T-course
pilots may well be due to the differences in flying experience.
Pilots in both groups tended to vary both in the number of hours
flown and in the type of aircraft flown.

It was also noted that most crashes occurred when pilots
attempted to make a right turn. This finding may be due to the
difficulty many pilots experience in making right vs. left
turns.

Finally, in that no significant differences were obtained
with two different types of cones, the one that is most edge
efficient in the CIG display would be the most appropriate.

As the all black cones are more edge efficient due to hidden

contours than are the white topped cones, the black cones should

be preferred as terrain features.
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Selection for Command: What Really Counts?
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Abstract

Three grade levels of Air Force officers were surveyed
for their ratings of which items from the Officer Career Brief
listing were important for selection to a command position.
Results indicated very strong agreement among all groups of
officers, especially on the items of Duty and Performance,
Professional Military Education, and Advanced Academic Degree.
Results are discussed as to the generalizability of this study
to the officer promotion process.

Introduction

Senior commanders faced with the requirement to select a
junior commander from a large pool of seemingly qualified offic-
ers find they are faced with a tedious and difficult task. A
common procedure in the selection process is for the senior
commander to assemble the personnel files of, say, 20 or 30
officers on his desk and begin a laborious elimination process.
The persomnel file may contain scores of items on which the
applicant could be selected or eliminated, from the applicant’'s
academic level to his or her marital status. It is apparent in
the selection process that the commander could be overwhelmed
by an embarrassment of information from critical to trivial
items. Hence, it would be most convenient in the selection
process for a commander if he could narrow the list to relevant
items.

The officer promotion selection board procedure is, like-
wise, such a personnel selection process, and it would be useful
if the promotion selection item process could also be used by a
division or wing commander. Unfortunately, as Hendrix (1971)
and others have indicated, the criteria on which the promotion
boards select officers are not open for examination. A side
effect of this confidentiality is that both local personnel
and unit commanders are in the uncomfortable position of explain-
ing to an officer why he or she was not selected for promotion,
even though the local personnel or unit commander was not privy
to the workings of the selection board.

Therefore, the purpose of this study is threefold. First,
it is desired to develop a tool useful to, say, a division or
wing commander in the selection of a junior commander. It
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would be most convenient to pare the personnel file down to

a list of, say half a dozen items which are critical to select-
ion. "Throw away" items could easily be eliminated by computer
listings. Second, it would be desireable to see how junior and
mid-level officers perceive the comrand selection process com-
pared to those who actually do the selecting. Is there, for
example, a certain naivete among junior officers in their per-
ceptions of what is "necessary" for either promotion or command
selection? Third, the question arises as to whether the results
of this study could be extended to a set of guidelines which a
junior or mid-level officer could use if he or she aspires to a
command position or further promotion. It is to the aspiring
officer that this final question is addressed.

Method

Subjects. The subjects were a total of 30 Air Force offic-
ers, 10 each dravn from three separate sources. The first group,
Commanders, was taken from two Strategic Air Command air divisions
(2 brigadier generals, 8 colonels) who were either commanders
or deputy commanders. These officers had e*ther previously
served, or else were likely to serve, on Air Force-wide officer
promotion selection boards.

The second group of officers, the Fast Burners, were local
unit commanders and operations officers (6 lieutenant colonels,

L majors) identified by the air division commander and executive
officer as being possible excellent wing commanders sometime in
the future. These officers had >ne or more of the following
distinguishing characteristics: Previous below-the-zone select-
ion, selection for senior service school, or across-the-board
highest block officer effectiveness ratings.

The third group of 10 officers, Control, consisted of local
unit majors, captains, and lieutenants selected randomly from
the local wing personnel roster. Four of tThese officers had no
aeronautical rating.

Procedure. Survey packeis were sent to all officers, complete
with cover letter and instructions. The subjects were requested
to rate, on a scale of from 1 to 99 the 22 items from the Officer
Personnel Brief as to their perceived importance in selecting an
officer for a responsible command position. The subject was free
to, for example, rate all items equally if he wished. Ties were
acceptable. Response was either through distribution or return
mail. Responses from Groups I and II were 100%. However, three
of the officers from Group III failed to complete the survey,
and another three officers were randomly selected.

Materials. The survey kit consisted of a letter of intrc-
duction and an example copy of an Cfficer Personnel Brief.
ttached was the survey answer sheet with 22 items listed, in

A Bans & o0 A A b A B A S A b A e A A A A A A i o M oSk Ad e e Ah AL S A & A & A & M A A s S adeoah b bt Mos s B s S Moo A Ao s i ot e ot deos Bt b M. A M A




A TV VY VY DO WWE YO R TYIOT VY YT B OV SR yw T T TR v W wEVWEYE VR Y W v owW T

alphabetical order, from Academic Level (Recent) to Total
Flying Time. The alphabetical listing of each item is shown
in the left-hand column of Table 1.

Resulits

Figure 1 shows, by Group, the mean score of each command
selection item. The arrangement of items on the abscissa is
arbitrarily set to follow 1in descending crder of rated im-
portance by the Commanders (Group I). There were striking
differences between the relative importance of the 22 items
and indications that all officers tended to have general agree-
ment as to which items were important for selection for command.

An analysis of variance of the data revealed a main effect
only for the rating of command selection items, F(21,567) =
17.12, p< .001. The apparent interaction of effect of groups
X items only approached an acceptable level of significance
(p=.076); therefore, this effect is questionable. However,
as Figure 1 indicates, there is exceptional agreement between
all officers in items 1 through 7, and for this reason the items
are shown by groups.

A post-hoc Newman-Keuls test was performed to show the
significance of each item relative to all other items. The re-
sults indicate that items 1 through 7 are more likely to differ
from all other items. In particular, the most recent duty and
performance section (which includes an abbreviated officer ef-
fectiveness rating index) carries the preponderance of weight
in the selection process. 2

Discussion

The consistency with which the rating of the first seven
items are perceived as a necessity for selection for command is
most striking. The only point which seems to run contrary to
the trend is the relatively low scoring of Flying Data (Recent)
by the Control group. Perhaps this is because nearly half of
the Contrcvl group had no aeronautical rating.

The high rating of Professional Military Education (Squadron
Officer School, Air War College, etc.) and Method Obtained is
worthy of comment. The completion of these programs takes con-
siderably less time, expense, and effort than, say, a graduate
degree, reg .rdless of the method by which one completes the pro-
gram. For example, for an officer to complete the Air Command
and Staff Course by correspondence may, optimistically, require
three months' worth of night and weekend study. By comparison,
an external master's degre . usually requires between one to two
years to complete, not to mention books and tuition expenses.

In other words, an advanced academic degree does seem to be
important in the selection for command but does not seem to be
as important as the professional military education programs.

Next, an analysis of the items which did not seem to have
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Table 1.

Newman-Keuls item analysis.
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Figure 1.

By group ratings of items desired for

selection for command.
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relative importance is in order. The Newman-Keuls test indi-
cates that items 8 through 22 did not differ from each other
gtatistically, andmight possibly, be regarded as unimportant or
"throw-away" items in the command selection process. Even with-
in the list of low-rated items, there is a hierarchy which
warrants comment. Marital Status is rated rather high (13th),
but largely because it is held in high regard by the older,
higher ranking Commanders. Presumably, therefore, most of Group
I have well-established marriages. Moreover, Marital Status rates
considerably higher than Source of Commission. Thus, an officer
would do his or her career better by having a marriage certifi-
cate than a diploma from a service academy! Perhaps most curious
is the observation that Combat Missions ranks dead last as a
criterion for selection for command. It would seem, therefore,
that combat experience counts for very little -- even when one
is being considered to command a combat unit.

The extent to which the results of this survey can be gen-
eralized to apply to other selection techniques, particularly
the officer promotion selection boards is, of course, both un-
known and tantalizing. Because selection boards do not publish
their criteria for promotion selection, we can only speculate.
We feel, however, that the correlations between this survey and
the boards are bound to be fairly strong for the following reasons:
First, Group I was composed of officers who were likely to be on
such a board. Second, it is generally the overall quality of
fitness to command that officers are promoted; technical expert-
ise and job knowledge are not sufficient promotion criteria.
Third, the extreme high rating of a recent officer effectiveness
rating seems to support the common agreement among officers that
a recent unfavorable OER is sufficient to override all other
considerations for promotion. Conversely, it would seem that
posession of high ratings on the first seven items would be
sufficient to overcome weaknesses in all other areas.

The overall question of whether this selection technigue
(or even a promotion board) method is valid is, of course, not
answered. [For a comprehensive treatment of the validity of
selection systems, see Dunnette & Borman (1979).] The only true
validation of a selection technique would be observation of these
officers' performance in actual combat conditions, a situation
which will, hopefully, never occur.
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Development and Implementation of the
Officer Training School Selection Equation

Lynn M. Scott
Air Force Human Resources Laboratory, Brooks AFB TX

Abstract

The application of the Policy Specifying technique was used to develop a
selection equation for Officer Training School. The composite policy of 7 Air
Force Agency Representatives was modeled mathematically and produces a zero to
100 point rating that is the synthesis of values from 14 variables. Internal
validity tests using both simulated and actual case data revealed that the

equation is an accurate model of Air Force policy, and that the equation can
successfully identify high risk applicants.

The Air Force Officer Training School (0TS) is the component of the
precommissioning program triad tasked with short Tlead time production of
junior officers. As with the Air Force Academy and the Air Force Reserve
Officer Training Corps (ROTC), selection of the most qualified applicants is
paramount. The Air Force Academy uses a regression model score in conjunction
with an officer panel rating to select qualified candidates. Air Force ROTC
also uses a regression policy model in its Weighted Professional Officer
Course Selection System (WPSS). Unlike these two programs, however, GTS
places a large dependence on a selection panel composed of volunteer officers
to evaluate most applicants.

The number of applications to the OTS has increased considerably over the
past three years. Accompanying this growth has been Air Force Recruiting
Service's concern about its selection accuracy. A recruiting service study of
selection panel scoring revealed inconsistencies between panel members on the
same panel and between selection panels conducted at different times. The
cause of the inconsistencies was speculated to be an absence of enforceable
scoring standards and stimulus overload. Despite instructions in the scoring
procedure and scoring rehearsals, panel scoring is still plagued with leniency
and/or central tendency effects. Moreover, the conclusions of Cornelius and
Lyness (1980) concerning stimulus overload suggests that panel members may be
overloaded when they examine and weigh a 1lengthly 1list of applicant data
(i.e., aptitude test scores; grade point average; academic major;
demonstration of communications skills; civilian work record; military
performance; reported skills, hobbies, and desire to travel; and subjective
assessments of character, motivation and leadership from third parties).
Considering all this information, Air Training Command and the Manpower and
Personnel Center jointly requested the research and development of an
automated selection process/selection advisory for Officer Training School;
which is described in this paper.
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Method

The policy specifying technique (Ward, 1977; Ward, Pina, Fast & Roberts,
1979) was used to create the selection algorithm. Policy specifying is a
method of combining many different types of information into a singie
indicator of utility or payoff. The procedure involves identification of the
policy expert (or group of policy experts) who will interact with the policy
modeling specialist; selection of the basic variables which are combined to
produce a single indicator of wutility; specification of a bpairwise
hierarchical relationship among all of the variables; and, ~inally
specification of each pairwise function in the hjerarchy. This process allows
the policy experts to combine many variables 1in complex non-linear and
interactive ways to produce a single indicator of utility.

Participants

Representatives at the Air Force policy interpretation and implementation
level were selected from the following organizations: USAF Recruiting Service;
Air Training Command (ATC) Officer Commissioning and Management; ATC Training
Technology Division, ATC Technical Training; ATC Education Plans and Programs
Directorate; the Officer Procurement Branch at the Manpower and Personnel
Center and the Manpower and Personnel Division at the Air Force Human
Resources Laboratory. The total specifying working group membership was 14
officers.

Variable Selection and Hierarchy Development

A ‘"degree of importance" questionnaire containing 22 existing and
potential selection variables was constructed to evaluate the variables. The
questionnaire was completed by 47 officers representing Air Training Command
Headquarters, Headquarters Recruiting Service, the Manpower and Personnel
Center and members of an Airman Education and Commissioning Program (AECP)
selection board. The rating reliability for a single rater, ryj, was .20
and the reliability for this group of raters, rigyx, was .92. The variables
with the 10 highest mean ratings were: active duty experience, indication of
reading ability; indication of writing ability; education background (tie);
participation in activities requiring leadership (tie); college GPA; Air Force
Officer Qualifying Test (AFOQT) qualitative subtest score; AFOQT verbal
subtest score; participation in activities requiring management of resources
and; indication of aptitude for military 1life. Apart from the questionnaire
results, each variable's practicality was considered. Consequently, candidate
variables such as indicators of writing and reading ability were not selected
and variables measuring college quality (the Patton Rating]), recruiter
evaluation, extracurricular activities, and non-military awards were included
in the final selection of 14 variables.

1The Patton Rating was also developed by policy specifying. The policy
incorporates four variables; freshman Scholastic Aptitude Test (SAT) average,
freshman class selection ratio, the percentage of faculty members with
Doctorate or professional degrees, and the percentage of graduate students at
the institution. Description of the research and development supporting the
Patton Rating is beyond the scope of this paper.
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The variable hierarchy that was developed by the policy specifying working
group may be interpreted as a framework for the pairwise organization of the
14 variables into three domains; an objective cognitive measures profile, a
military performance profile, and a civilian performance profile. The
selection hierarchy is shown in Figure 1.

Payoff Metric

The payoff metric was a 100 point behavioral expectation scale (Smith &
Kendall, 1963). Every five point increment was anchored with an expected
behavior in either 0TS or an active duty officer. Anchors were developed
using the procedure detailed in Campbell, Dunnette, Arvey and Hellervik (1973).

Procedure

The working group articulated and discussed selection policy in weekly
three hour sessions. A consensus of "payoff" to the Air Force of value
combinations for the 14 paired variables was the goal of each meeting.
Throughout the modeling process, the group received feedback on their policy's
effects. Feedback included distributions and equivalency tables of payoff
award; examining the results of the policy algorithm's processing of simulated
records and; 2xamining the independent effects of each selection variable on
the final selection score.

When the complete policy had been modeled it was internally validated
through two mock selection board proceedings. In the first mock board
(hereafter mock board I), 50 applicants' records were randomly selected from a
pool of records scored earlier in the week by an actual OTS selection panel.
The second mock board (hereafter mock board II) validation used 50 randomly
selected applicant folders from the Recruiting Service declination and
rejection files. This board was convened to establish an alternate form
reliability for the policy and the judges response patterns. Although the
records were selected from declination and rejection files, they still
represented potentially successful and unsuccessful applicant records. The
working group members served as judges in both mock boards. Evaluation of the
algorithm's efficacy consisted of examining the convergent validity of (1)
correlations between the algorithm's applicant ranking and the mock board's
applicant ranking based upon an average rating; (2) the correlations between
the algorithm's applicant ranking and the actual OTS panel's ranking; (3) the
correlation of the mock board's applicant rankings with the OTS panel's
rankings and; (4) calculation of the mock board's interrater reliability. The
effectiveness of the behavioral expectation scale was assessed by comparing
mock board means with algorithm means. This kind of comparison was necessary
because the entire selection policy was specified through the same behavioral
expectation metric used by the mock board members. Additional comparisons
were made between military and civilian groups in each mock board. These
included evaluation mean board score differences, mean algorithm score
differences, and comparing subgroups' Pearson correlations between mock bcard
and algorithm scores.

Results
The hoard members employed the behavioral expectation scale effectively.

The mean rating for mock board I was 59.04 and the standard deviation was
14.03. Comparing this mean with the algorithm mean (M = 61.898, ¢ = 21.10)

44




AFOQT VERBAL—
I

AFOOT GUANT—

Objective Cognitive 0TS ADAPTABILIT
Measures Profile

! GPA

t
meon RAT IG—

TOTAL APR AVERAGE

LAST THREE APR AVERAGE—

Military Performance MILITARY AWARDS
Profile

HILITARY ACHIEVENENT—

TIHE IN SERVICE:

RECRUITER EVAL.

T
i
1

Civilian Performance HON-MILITARY AWARDS————— }
Profile

HON-MILITARY ACHIEVEMENTS———

EXTRA-CURRICULAR ACTIVITIES

Figure 1. The OTS Selection Hierarchy

45

EAUATION
SCORE




for the same records did not yield a significant difference (t(49) = .22,
n.s.). The same check was made for mock board Il data. This board's mean
rating was 55.43 and its standard deviation was 13.01. The t test comparing
the algorithm's statistics (M = 61.866, ¢ = 18.04) was also not significant
(t(49) = .57, n.s.). A Pearson correlation was computed between the mock
board mean scores and the algorithm scores for both boards. The mock board I
correlation was .46 (p < .01) and for mock board II, .37 (p< .01). The
intraclass correlation ry7 (Winer, 1971) for mock boards I ana II was .68
and .65 respectively.

Rank order correlations were computed between the three scoring systems:
the actual 0TS panel rankings; the average mock board rankings; and the
algorithm rankings. The correlation coefficient for mock board rankings and
0TS panel rankings was .55 and .52 for the mock board rankings and algorithm
ranking comparisons. The rank order correlation between the 0TS panel and the
algorithm was .37. Mock board and algorithm scores were found to produce
fewer rank ties than the 0TS panel scores.

An inspection of scatter pilots for military and civilian subgroups
revealed a tighter pattern of dispersion for civilian subgroups in both mock
beards. Subgroup mean board score differences within each mock board were not
significant, (tMp1(48) = .05, n.s.; tpri(47) = .35, n.s.); nor were the
differences between mean algorithm subgroup scores (impr(48) = .5, n.s.;
tugrr(47) = .32, n.s.). For each mock board, a Pearson r was also computed
between board scores and algorithm scores within each subgroup. Mock board I
coefficients were .54 and .57 for the military and civilian subgroups
respectively. Correlations in mock board II were .38 for the military
subgroup and .37 for the civilian subgroup. A1l coefficients were significant
at the p < .01 significance level.

Discussion

An important concern throughout this project was whether the mathematical
model being created really represented the working group's policy.
Furthermore, there existed a possibility that the policy expressed at the
development table was totally different from the policy employed at the mock
board table. The findings of this study should alleviate those concerns. The
algorithm accurately models Air Force selection policy, identifies low
potential applicants and produces a superior rank ordering of applicants. The
behavioral expectation scale, the translator of policy, produced the kinds of
reliabilities reported in much of the current literature (Jacobs, Kafry &
Zendick, 1980).

The differences between characteristics of military and civilian scores
are probably a result of fewer selection variable measures for the civilians
than for the military. It would probably be difficult to correct this
discrepancy since gaining access to civilian work records is not feasible.
Therefore, greater scrutiny has to be placed in the recruiting officer's
evaluation of the applicant and a 1listing of awards, achicvements and
extracurricular activities. The planned implementation of the behavioral
expectation scale as a recruiting officer's rating tool and using the
restricted awards, achievements and extracurricular activities Tlists should
increase the civilian score dispersions.
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In all, the project was Jjudged a success. The selection system's
implementation plan has begun at Air Force Recruiting Service Headquarters and
AFHRL has begun a study to assess its external validity. The system appears
to offer great promise in selecting future Air Force officers.
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NONTRADITIONAL ADMISSIONS FACTORS:
THE SPECIAL 100 PROJECT

Harald E. Jensen and William J. Strickland
Directorate of Institutional Research
USAF Academy, Colorado 80840

Abstract

Approximately 2,000 USAF Academy candidates were rated using the Candidate Evalu-
ation Form. The items on the form were hypothesized to be associated with reten-
tion at the Academy and dealt with a variety of characteristics, such as indication
of early/long-term interest in attending USAFA, military family background, college
activities, etc. After the Class of 1984 had been filled through the normal
admissions process, an additional 100 offers of appointment were made to the top
scorers on the Candidate Evaluation Form. For the entire sample, regression
analyses showed a fairly low correlation between the items on the form and reten-
tion, but the correlations rose considerably when the sample was segmented into
ranges of academic ability. Other analyses are discussed and future research is
addressed.
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NONTRADITIONAL ADMISSIONS FACTORS:

THE SPECIAL 100 PROJECT

BACKGROUND

distorically, cadet attrition at the Air Force Academy has been similar to that
of Annapolis and West Point. Typically, attrition at Annapolis was a little
lower and that of West Point a little higher than that of the Air Force Academy.
Then, about 1979, retention at Annapolis improved. From 35.47% for the Class of
1978, the attrition rate fell to 29.8% for the Class of 1979, then to 26.4% for
the Class of 1980. Attention had always been given to the Air Force Academy's
attrition rate, but this comparison increased the focus, particularly in light
of attrition for the current classes at each academy:

1982 1983 1984 1985
USAFA 41.37% 337% 22.1% 11.3%
USMA 35.4% 33.6% 22.8% 13.7%
USNA 22.2% 20.37% 10.5% 6.7%

In November 1979, Lt General K. L. Tallman. USAFA Superintendent, initiated a
project with the objective of selecting a group of candidates for the Class of
1984 who would be particularly motivated to attend and graduate from the Air

Force Academy. To identify this group of candidates, an experimental Candidate
Evaluation Form was developed which tapped information not explicitly used in

the admissions process, but hypothesized to be associated with retention at the °
Air Force Academy.

OBJECTIVES

The primary objective of the research was to examine candidate information which
had not been explicitly used in the admissions process to see if we could increase
our ability to predict retention at the Air Force Academy. If some of this infor-
mation proved useful, the next step would be to incorporate it into the normal
admissions process.

OVERVIEW

Approximately 2,000 candidate folders were rated using the Candidate Evaluation
Form.” The items on the form dealt with a variety of characteristics, such as
vhether the student attended more than one high school, if the student was a

"late bloomer," indication of early/long-term interest in attending USAFA, military
family background, etc. Points were assigned to each item on the form and the
candidate was given those points if he or she possessed that particular character-
istic. The points for each candidate were then totaled and the candidates were
rank ordered. Once the Class of 1984 had been filled, the top 100 scorers on the
Candidate Evaluation Form were offered appointments. Of these 100, 87 accepted

* A copy of the Candidate Evaluation Form and a description of the items can be
obtained by contacting: Harald E. Jensen, USAFA/RRE, USAT Academy CO 80840.
Autovon 259~3225.

49




the appointment and reported for Basic Cadet Training. This group then became
known as the "Special 100." Regression analyses were then performed to determine
how well the Candidate Evaluation Form can predict retention, cumulative grade
point average (GPA), and Military Performance Average (MPA).

ANALYSIS

As of 1 January 1982, the attrition rate for the Special 100 was 21.8%, slightly
lower than the 22.77% rate for the rest of the Class of 1984, Table 1 shows the
regression analysis which was performed between the items on the Candidate Evalua-
tion Form, the Academic Composite, the Liaison Officer's Recommendation, and
cumulative Fourth Class GPA. The multiple correlation of .60l is quite high,

but the Academic Composite is responsible for most of that. Very little predic-
tive validity was added when the items on the Candidate Evaluation Form were
introduced.

Looking at the prediction of retention (.188) in Table 2, we get just about the
same general picture. Earlier studies have shown that the Academic Composite

and the Liaison Officer's overall recommendation are the two best predictors of
retention. With this sample, this holds true, with the addition of the evaluation
form's items not increasing our predictive validity by very much. Regressing the
Candidate Evaluation Form against retention and excluding Academic Composite and
the Liaison Officer's Recommendation from the equation, the multiple correlation
was .15.

In Table 3, prediction of Fourth Class cumulative MPA using the Candidate Evalua-
tion Form, Academic Composite, and Liaison Officer's Recommendation, reveals
results similar to predicting GPA. 1Inclusion of all predictors yielded a multiple
correlation of .304, and, once again, the greatest proportion of predictive ability
comes from the Academic Composite. Excluding both Academic Composite and Liaison
Officer's Recommendation showed the multiple correlation dropping to .190.

In Table 4, the total sample was broken down into approximate thirds based upon
Academic Composite score: (1) 2960 and below, (2) Greater than 2960 and below
3252, and (3) Greater than 3252. This was done to determine whether predictive
validity was approximately the same for several levels of academic ability.

Rather interestingly, the multiple correlation for the sample with 2960 and below
was .284, and then took a substantial jump to .386 and .382 for the next two-thirds
of the distribution of Academic Composite scores. There was very little commonal-
ity of items appearing in these three regression equations and, surprisingly, all
but one of the first six variables entering the equation for the sample with an
Academic Composite greater than 3252 were negatively correlated with retention.
This presents problems in a selection sense in that, contrary to the initial
hypothesis that possession of the characteristics on the form would lead to greater
retention, with this group, possession of the characteristics indicated greater
attrition. The same jump in the magnitude of the correlation was evident when the
Candidate Evaluation Form was regressed against Cumulative Fourth Class MPA. The
multiple correlations for the lower, middle, and upper thirds of the distribution
of Academic Composite scores were .287, .386, and .395.

When we cut the distribution of Academic Composite SCores at 3252 and looked at
those below this level, the multiple correlation was .237 for predicting retention.
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We evaluated the a priori scoring system which placed a specific value for each
item, which, in turn, was used to compute five separate scores: Academic Adjust-~
ment, Motivation Adjustment, Military Family, Unusual Leadership, and Total Score.
Table 5 presents the results obtained when we regressed these scores against
retention. The multiple correlation was a very low .046 and when Academic Composite
score and the Liaison Officer Recommendation were added, only .116 was achieved.
From this, it can be seen that the original scoring scheme somewhat lacks the
precision of optimal weighting.

SUMMARY AND CONCLUSIONS

Preliminary results from the analyses performed using the Candidate Evaluation
Form indicate that with one year of attrition data, the information on the form
does not increase our ability to predict retention very much beyond that achieved
by the Academic Composite score and the Liaison Officer's Reccmmendation. When
we look at cadets falling within separate segments of the distribution of Academic
Composite scores (i.e. below 2960, between 2960 and 3252, and above 3252), we

get a different picture. The ability to predict retention rises considerably
within each segment, increasing from .188 for the entire sample, .284 for those
equal to or below 2960, .386 for those greater than 2960 and below 3252, and .382
for those above 3252.

Looking at other criteria, such as Cumulative Fourth Class MPA and GPA, the
Candidate Evaluation Form again does not add much predictive validity beyond the
current use of the Academic Composite and the Liaison Officer's Recommendation.

The current method of assigning points to each of the items on the Candidate
Evaluation Form was not supported by the data. It appears that the weights should
be changed and perhaps simple unit weighting throughout would be more appropriate.

In view of the initial results, no recommendations can be made to change the
information currently used in the admissions process. However, a final conclusion
at this time would be premature; a more definitive picture of the Candidate
Evaluation Form's utility will come in August 1982 when the Class of 1984 reaches
its active service commitment point and attrition begins to stabilize.

FUTURE RESEARCH

We will continue to track the attrition and performance of the Class of 1984.
Additionally, the Candidate Evaluation Foxm was revised for the Class of 1985 and
a clearer set of guidelines was formed for defining each of the items on the form.
Lack of standardization in completing the Candidate Evaluation Form was a major
problem with the Class of 1984 and these guidelines should help coasiderably.
Nearly 3,000 candidate folders for the Class of 1985 were evaluated and this data
will be statistically analyzed at the end of the Fourth Class year.

Another area in which the Candidate Evaluation Form will be examined is the iden-
tification of those candidates who are likely to decline an Air Force Academy
appointment. It may be that some of the information on the Candidate Evaluation
Form, together witn academic information and the Liaison Officer's Recommendation,
may help admissions personnel identify those most likely to accept or decline an
appointment and, thus, more precisely estimate the number of offers needed to fill
a particular class.
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TABLE 1

PREDICTION OF CUMULATIVE

4th CLASS GRADE POINT AVERAGE i/
(N = 688)

ZERO-ORDER MULTIPLE

VARIABLE CORRELATION CORRELATION
ACADEMIC COMPOSITE .571 .571
UNUSUAL NONATHLETIC LEADERSHIP -.090 578
ACTIVE DUTY OFFICER PARENT .101 .582
RETIRED OFFICER PARENT .058 .585
ACTIVE DUTY ENLISTED PARENT -.036 .588
STRONG INTEREST AND PERFORMANCE .166 .590

IN MATH AND SCIENCE
FINAL MULTIPLE CORRELATION .601
(27 VARIABLES)
TABLE 2
PREDICTION OF RETENTION )
(N = 922)

ZERO-ORDER MULTIPLE

VARIABLE CORRELATION COKKELATION
ACADEMIC COMPOSITE .07 .073
LO'S OVERALL RECOMMENDATION** .07 .096
RETIRED OFFICER PARENT* .05 .109
RENOMINEE* -.06 .119
STRONG COLLEGE RECORD WITH LOW PAR* 04 .134
ACTIVE DUTY OFFICER PARENT* .04 .142
FINAL MULTIPLE CORRELATION .188

(27 VARIABLES)

1/

~'Tables show the first 5 or 6 variables which entered the stepwise regression
equation. Beyond these variables, additional entries accounted for very
little variance and are not shown.

* Coding for these variables was 1" if the characteristic was present; "0"
otherwise.

** LO's recommendation ranges from 1" (Not Recommended) to "5" (Highly Recommended).
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TABLE 3

PREDICTION OF CUMULATIVE
4th CLASS MILITARY PERFORMANCE AVERAGE

(N = 763)
ZERO~-ORDER MULTIPLE
VARTABLE CORRELATION CORRELATION
ACADEMIC COMPCSITE .205 .205
LO RECOMMENDATION .157 . 246
EARLY /LONG~TERM INTEREST <115 .265
UNUSUALLY STRONC ATHLETIC LEADERSHIP .025 .272
UNUSUAL NONATHLETIC LEADERSHIP .072 .277
ACTIVE DUTY OF.ICER PARENT .044 .280
FINAL MULTIPLE CORRELATION . 304

(27 VARIABLES)
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TABLE 4

PREDICTION OF RETENTION BY ACADEMIC COMPOSITE GROUPING

ACADEMIC COMPOSITE EQUAL TOC OR
LESS THAN 2960 (N = 270)

ZERO-ORDER

VARTABLE CORRELATION
STRONG COLLEGE RECORD .11
UNUSUAL INPUT FROM CANDIDATE ~-.05
RETIRED OFFICER PARENT .11
LO EVALUATION .08
PREP SCHOOL ATTENDANCE .05
ACTIVE DUTY OFFICER PARENT .07

FINAL MULTIPLE CORRELATION

(27 VARIABLES)

ACADEHIC COMPOSITE GREATER

THAN 2960 AND LESS THAN 3252 (N = 269)

ZERO-ORDER
VARIABLE CORRELATION
LO EVALUATION .13
STRONG INTEREST AND PERFORMANCE -.13
IN MATH AND SCIENCE
EARLY /L.ONG-TERM INTEREST .12
CIVIL AIR PATROL .12
PREP SCHOOL ATTENDANCE .07
UNUSUAL ACHIEVEMENT IN NON-SCHOOL .08
ACTIVITIES SUCH AS WORK
RENOMINEE -.09

FINAL MULTIPLE CORRELATION
(27 VARIABLES)
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MULTIPLE

CORRELATION

.110
.149
.190
.206
.218
.229

.284

MULTIPLE

CORRELATION

.130
.184

.222
.258
.284
.304

.318
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TABLE 4 (Continued)

ACADEMIC COMPOSITE GREATER
THAN 3252 (N = 285)

ZERO-ORDER MULTIPLE
VARTABLE CORRELATION CORRELATION

UNUSUAL ACHIEVEMENT IN NONSCHOOL -.18 .180

ACTIVITIES SUCH AS WORK
UNUSUAL NONATHLETIC LEADERSHIP -.15 .227
AFJROTC/AFROTC -.13 .265
COLLEGE ACTIVITIES -.16 .291
UNUSUAL LETTERS OF RECOMMENDATION -.12 .313
VISITS TO AFA .07 .327

FINAL MULTIPLE CORRELATION 382

(27 VARIABLES)

ACADEMIC COMPOSITE LESS
THAN 3252 (N = 538)

ZERO~-ORDER MULTIPLE
VARIABLE CORRELATION CORRELATTION

LO EVALUATION .10 .104
RETIRED OFFICER PARENT .08 .127
UNUSUAL NONATHLETIC LEADERSHIP .07 144
STRONG INTEREST AND PERFORMANCE -.06 .160

IN MATH AND SCIENCE
STRONG COLLEGE RECORD .08 174

FINAL MULTIPLE CORRELATION .237

(26 VARIABLES)




TABLE 5

PREDICTION OF RETENTION USING PART AND TOTAL SCORES

FROM THE CANDIDATE EVALUATION FORM (N = 922)

ACADEMIC ADJUSTMENT
MOTIVATION ADJUSTMENT
MILITARY FAMILY
UNUSUAL LEADERSHIP
TOTAL SCORE

FINAL MULTIPLE CORRELATION

56

ZERO-ORDER

CORRELATION

-.006
-.014
041
~-.009
.008

.046
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Norman J. Kerr, Harry L. Bowman

Characteristics of U.S. Navy Recruits on Reading Comprehension
and Selected Zducationally Related Variables

Abstract

The purpose of the study was to investigate reading comprehension and
related variables pertaining to the havy's recruits during Y 81, lonthly
reporis provided data on high school completion, aptitude, and reading
comprehension of 84,359 recruits. The data revealed that 80 percent of
the recruits are high school graduvates while the typical recruit reads
near the eleventh grade level, Reading deficiencies were observed among
3.80 percent of the high school graduates and 2.50 percent of the non-
graduates. A comparison of recruits who scored above and below the sixth
grade on reading comprehension revealed distinctive differences in aptitude
with the formexr scoring higher. Identifiable variability was also obsexved
when the characteristics of recruits were analyzed by month across the
twelve-month period.
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CHARACTERISTICS OF U.S. NAVY RECRUITS ON READING COMPREHENSION
AND SELECTED EDUCATIONALLY RELATED VARIABLES

Basic skills training in the U.S. Navy has become increasingly important
during recent years as the characteristics of the recruit population have
changed and the job dem~nds faced by enlisted personnel have expanded. Programs
have been developed for academically deficient recruits as well as personnel who
are assigned to specialized skills training, Reading skill development is a
component of all of these programs,

The Academic Remedial Training (ART) Program is designed to assist new
recruits in acquiring the skills required to complete basic training success-~
fully. The initial component of ART focused on reading skills needed in recruit
training., Additional curricula developed for verbal skills and mathematical
skills are presently undergoing field tests at the Recruit Training Center in
Oxlando, Florida.

Although the ART Program became operational at the Navy's three recruit
training centers in 1967, standardization of the curriculum and testing proce-
dures used in the program did not occur until 1978. A significant provision
of standardization was the requirement that a commercial reading achievement
test would be administered to all recruits upon entry into the Navy. The
standardized program also required the use of a Computer-Managed Instruction
(CNI) system that serves several training programs to perform test scoring
functions and to maintain records on tes. performance by recruits.

The purpose of this study was to investigate reading comprehension and
related variables pertaining to the Navy's recruits during the twelve-month
period from October, 1980, through September, 198l. The primary focus of the
study was on the classification of recruits based on their performance above
or below the 6.0 reading grade level (RGL) in comprehension, the criterion
used in screening recrults for ART. Other variables of interest were month
of entry into the Navy, years of education, high school graduation status,
and aptitude test score.

The significance of the study is two-fold. First, the data and analyses
provide information on the variability of the recruit population's composition
over a period of time. This information is needed by ART management personnel
for efficient allocation of resources (e.g. staff, facilities, and instructional
alds) in response to observable trends and/or cycles. Second, the study
demonstrates potential uses of CMI system data for management functions.,

Procedures

The date utilized in the study were obtained from the monthly CMI reports
on population characteristics and test performance of 84,359 recruits who
entered the Navy during fiscal Year 8l. Data presented in the reports include
high school graduation status as well as scores from the Gates-lacGinitie
Reading Comprehension Test, Level D, and the Armed Services Vocational Aptitude
Battery (ASVAB). (Two series of the ASVAB - 5-7 and 8-10 - were used with the
recruits who were included in the reports.)

In the reports, high school graduation status is used to compile two-
factor frequency distributions of recruits who score above and below 6.0 RGL.
Means are reported separately for years of education completed by the two RGL
groups and by the two ASVAB series, Frequency distributions and means are
presented for the RGL scores obtained from administration of the Gates to all
recruits. The reports also contain menas for the subtests and the Axrmed Forces
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Characteristics of U.S. Navy Recruits

Qualification Test (AFQT) scores derived from the ASVAB. The AFQT score is a
percentile score that is based on the woxrd knowledge, numerical operations, and
space perception subtests in ASVAB Series 5-7 and the word knowledge, paragraph
comprehension, arithmetic reasoning, and numeri.cal operations subtests in ASVAB
Series 8-10.

The frequency distributions and meams contained in the monthly reports were
compiled for analyses, Medians were computed for the RGL scores associated with
each month of the one-year period. Percentages and proportions were calculated
for selected data sets, The Chi-square technigque was utilized to compare various
frequency distributions involving RGL scores and high school graduation status by
month of entry into the lavy. Confidence intexrval limits were computed to com-
pare proportions of high school graduates and non-high school graduates tho
scored below 6.0 RGL. The .05 level of significance was used with all infer-
ential analyses.

Results1

The menns on years of education were compiled for recruits classified by
ASVAB series used in testing and by month of entry into the Havy, Among re-
cruits tested with the ASVAB Series 5-7, the means varied from 11,7 years
during the first three months to 11.9 years during the last three months of
the twelve-month period. Among recruits with whom the ASVAB Series 8-10 was
used, the means ranged from 1l.5 years to 11.8 years. The data revealed a high
degree of consistency in meams for years of education across the one-~year period
and between the iwo ASVAB series.

The means on the AFQT percentile scores were obtained for recruits classi-
fied by 6.0 RGL criterion, ASVAB series, and month of entry into the Navy.
Among the recruits who had RGL scores below 6.0, the means for the AFQT ranged
from a low of 31.7 (August, 1981) to a high of 36.8 (October, 1980) on ASVAB
Series 5-7 and a low of 31.8 (July, 1981) to a high of 40.6 (November, 1980)
on ASVAB Series 8-10, The AFQT means for recruits who had RGL scores above
6.0 varied from a low of 56.1 (June, 1981) to a high of 60.9 (January, 1981)
on ASVAB Series 5-7 and a low of 55.5 (July, 198l) to a high of 60.4 (October,
1980 and January, 1981) on ASVAB Series 8-10., The differences in the means for
the high and low 3GL groups were generally 20-25 percentile points when compared
by month or ASVAB series., These differences suggest that the two RGL groups are
relatively distinct with respect to AFYT scores.

The medians and means on RGL for recruits by month of entxry into the Navy
were determined. 7he medians showed a slightly increasing trend from a low of
10,7 RGL for the first month to 11.3 RGL fcr the eleventh month of the one-year
period. The means were relatively stable with a xange from 9.7 RCL for the
first month to 10.1 RGL for the eighth month. The relative magnitudes ~f the
medians and the means indicated that the score distributions were negatively
skewed., Tnis phenomenon is an artifact of the population composition and the
HGL range for the test nomms (2.4 BGL to 12.5 RGL).

The frequency and percentage distributions of recruits by high school
graduation status and month of entxry inlo the Navy were obtained. The data
for the {otal group indicated thal approximately 78 percent of the recruits
were high school graduates. The percentages of recruits who were graduates
varied considerably across the twelve-month period with the rar : being from
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71.57 percent in May, 1981, to 81l.66 percent in October, 1980, After an initial
decrease in percentages occurred from October to November, 1980, the percentages
Wwere relatively stable through April, 1981, except for January, 1981 which had
an elevated percentage. Following a decrease in lay, 1981, the percentages
increased for the remaining four months. The Chi-square zomparison of the
distributions on high school graduation status by month revealed that ihe
distributions differed vexry significantly (Chi-square = 433.131, p < ,005) .

The frequency and percentage distributions were prepared for high school
graduate recruits by 6,0 RGL criterion and month of entry into the Navy., iith-
in the composite group, 3.8 percent of the high school graduates scovred below
6.0 RGL on comprehension. The percentages of high school graduate recruits
who scored below 6.0 RGL ranged from 2.92 percent in January, 1981, to 5.35
percent in April, 1981, A general downwaxd trend in percentages can be observed
during the first four months of the period with a reversal occurring over the
next three months followed by a pattern of lower percentages., The Chi-square
analysis of distributions of high school graduate recruits classified by 6.0
RGL criterion and month of entry indicated that statistically significant
differences existed (Chi-square = 71.110, p <« .005).

The frequency and percentage distributions of non-high school graduate
recruits were compiled by 6.0 RGL criterion and month of entry into the Navy.
The data for the composite group showed that 2.50 percent of the recruits who
were not high school graduates obtained scores below 6.0 RGL on comprehension,
Across the twelve-month period, the percentages of non-high school graduate
recruits who scored below 6,0 RGL varied from a low of 1.51 percent in February,
1981, to a high of 3.79 in June, 1981l. A slightly declining trend in pexcentages
occurred during the five months beginning in October, 1980, followed by a
general pattern of increase. The results of the Chi-square comparison of
distributions of non~-high school graduate recruits classified by 6.0 RGL
criterion and month of entry showed significant differences (Chi-square =
35.733, p =.005).

The frequency and percentage distributions were babulated for recruits
who scored below 6,0 RGL classified by high school graduation status and month
of entry into the MNavy. The data for the twelve-month period indicated that

8k,65 percent of the recruits who scored below 6.0 RGL were high school graduates.

The monthly data showed that the percentages of high school graduates among the
recruits scoring below 6,0 RGL had a range from 76,04 percent in June, 1981,
to 89.32 percent in October, 1980. A trend of relatively stable percentages
occurred during the first seven months of the period followed by decreases the
next two months and relative stability at the earlier level during the last
three months. The Chi-square comparison of the distributions of recruits
scoring below 6.0 RGL classified by high school graduation status and month
of entry revealed significant differences (Chi-square = 32.756, p < .005).
Comparative analyses were performed on the proportions of recruits who
scored below 6.0 RGL classified by high school graduation status and month of
entry into the Navy. The data on the proportions of recruits scoring below
6.0 RGL are discussed above for high school graduates and non-high school
graduates separately. The relative proporiions of the two groups showed that
a higher proportion of the high school graduates than non-high school graduates
scored below the 6.0 RGL criterion during 11 of the 12 months (except for June,

60




Characteristics of U.S, Navy Recruits

1981) as well as for the twelve-month period, The proportions of the iwo groups
who had RGL scores below 6.0 were compared by computing confidence limits for
the differences in proportions using the .95 level of confidence. The results
indicated that the overall proportions differed significantly since the confi-
dence limits did not include the O within the range. The proportions also
differed significantly for six of the twelve months. In all cases where signi-
ficant differences were found, the proportions of high school graduates who
scored below 6.0 RGL were greater than the corresponding proportions for non-
high school graduates.,

Conclusions

The data presented in this study provide selected descriptive information
about the Navy's recruit population for a twelve-month period of time. The
results obtained by compiling and analyzing the data constitute the basis for
the conclusions related to the recruit population,

The educational background of the recruits indicates that four-fifths are
high school graduates. Since the data on years of education represent the years
completed, the monthly means place the group as a whole in the middle to higher
twelfth grade range. Higher percentages of the recruits who enter the Ilavy in
the summer and early fall months are high school graduates than in other monihs
of the year. This increase might be expected in the months following the
traditional high school graduation period of the year.

The aptitude data on recruits as reflected by the AFQT scores do not show
any clearly discernible seasonal or cyclic pattern., The means indicate, however,
that recruits who perform above 6.0 RCGL are likely to score considerably higher
than recruits who obtain scores below 6.0 RGL. The monthly means are slightly
more variable for the lower reading group than for the higher reading group.

The perfommance of recruits on reading comprehension shows a gradual
improvement over the twelve-month period of this study. This trend is evident
from the monthly medians, means, and percenlage distributions of the RCL scores,
Based on measures of central tendency, the monthly medians reveal an increase
from the tenth grade to the eleventh grade while the means are approximately
one grade lowex,

Among the recruits who score below 6.0 RGL, six-sevenths (85 percent) are
high school graduates as compared to four-fifths (78 percent) of the entire recruit
population being high school graduates. The data reveal that 1,30 percent more of
the high school graduates than non-high school graduates score below 6.0 RGL.
This difference is significant for the two composite groups and relatively
consistent across the twelve-month period. The percentages of each group tend
to decline through the first half of the year and show some increase subsequently.

The conclusions suggest that variability in the recruit population can be
expected during a twelve-month cycle. Factors that may reveal differences in
distributions across the twelve-month period are RCGL scores, high school gradu-
ation status, high school graduates and non-high school graduates who score
above and below the 6,0 RGL criierion, and high school graduation status of
recruits who score below 6,0 RGL. This infoxrmation can be useful to AX
program management personnel in planning the allocation of rxcsources io serve
the students assigned to the program in the most efficient manner possible,
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The data utiliged in the study are available to management personnel in the
monthly CMI reports on Navy recruits. By constant monitoring of the data
presented in these reports, ART management personnel can anticipate more
accurately the fluctuations that will occur in the flow of students to the
ART Program.

fPootnote

1Tables presenting the data and analyses discussed are available from
the authors.
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VALIDATION OF THE COMPUTER
PROGRAMMER APTITUDE BATTERY

J.P. McMenemy Canadian Forces Personnel
Applied Research Unit

The Canadian Forces adopted the Computer Programmer Aptitude Battery
(CPAB) (Palormo, 1967, 1974) as an aid in the selection of Computer Programmer
Trainees in 1973. The selection model was developed by the Canadian Forces
Personnel Applied Research Unit (CFPARU) and was based on research carried out
by Martin (1971, 1973). Since 1973, the ADP environment in the Canadian
Forces has changed significantly. The trainee population has expanded to
include NQOs as well as officers and a second programmer training course has
been developed. This paper reports a study cf the predictive validity of the
CPAB against the newest Canadian Forces ADP training programme, the Maritime
Tactical Programmers Course (MARTAC) at the Canadian Forces Fleet School, in
Halifax, Nova Scotia. This represents part of a general reassessment of
programmer selection.

The course lasts 45 training days and is broken aown into three main
areas: coding (80%), programme design (10%), and problem solving (10%).
Students learn two command packages, OMS and ULTRA-16. The MARTAC course
concentrates upon computer system design and application so that graduates can
use ADP equipment and programmes to solve tactical problems, mainly in
anti-submarine warfare.

METHOD
Subjects
The subjects were officer and NCO trainees on the Maritime Tactical
Programmer Course between 1978 and 1981. All were from Naval or Air Force
operational or technical backgrounds. Criterion data were available on 114

trainees but test scores were avialable on only 83. The bulk of the 31
missing test scores are unavailable either because test scores were not
forwarded to CFPARU, or, which occurred more often, the test was not
administered. About one-third of the trainees are commissioned officers of
the rank of Major and below, and the rest are NCOs, from the rank of Master
Corporal or above. Master Corporal is the first level of supervisor among the
other ranks.

It was not possible to identify officers and other ranks for this
analysis. About half the officer graduates are posted to programming jobs
within Maritime or Air Command. The remainder go to operational or technical
support positions where ADP training is an asset. Very few of the other ranks
become programmers. Most are employed in technical support positions where a
knowledge of computer systems and ADP is either necessary or very desirable.

The Test

The CPAB, published by SRA, (Palormo, 1967, 1274) is composed of five
multiple choice subtests: Verbal Meaning, Reasoning, Letter Series, Number
Ability, and Diagramming. A score consisting of the number of items answered
correctly is computed for each subtest and the total battery. The test was
administered by Base Personnel Selection Officers and results were forwarded
to CFPARU for keypunching and storage on magnetic tape.

63




At some point instructors were permitted access to test scores.
Instructors claim, however, that they seldom examine the test scores. The
course Director states that on rare occasions scores will be examined after
the third week of the course as a diagnostic and counselling aid if a student
is naving difficulty with the material. Regardless of instructors’
disclaimers, this might be classified as a possible contaminent in the study
and will be discussed in a later section of the paper. No test cut-off was
specified for selection to the training programme=-.

The Criterion

Students are evaluated by three tests and a two part problem. The
tests are administered at the end of each of the first three weeks and
constitute 20% of the overall evaluation. The remainder of the assessment is
a comprehensive problem which students take two to three weeks to complete.
Part I of the problem is worth 40% and Part II, 20% of the final grade.
Course reports summarize the instructors' assessment as follcws:

A - competent to bz employed as an independent programier;

B - gained sufficient knowledge and skill to be employed as a
programmer but should be provided 6-12 months of supervision
before becoming an independent programmer;

C - gained some understanding of the material but is not recommended
for employment as a programmer; and

F - failed to meet minimum requirements.

Analysis

The relationship between CPAB scores and course grade was investigated
primarily by calculating the product moment correlation between the test
scores and course grades. The grading scheme (A,B,C,F) was transformed into a
four point scale, with 4 being the highest grade (A) and 1 representing a
failure (F). Simultaneous multiple regression was then applied to generate
the regression equation for later cross-validation. It is recognized,
however, that multiple regression results must be interpreted cautiously
because the number of subjects is relatively small.

RESULTS

The means and standard deviations of CPAB scores show little evidence
of restriction of range. The trainees' mean on the CPAB total is 86.uU8 and
the standard deviation is 23.26. Total score ranged from 35 to 132. Means
and SDs for the subtests and CPAB total are presented in Table 1. Local
reliability estimates could not be computed since only subtest and CPAB total
scores are availible.

1 Personnel Selection Directive-18/75 states: "Two candidates who
achieved raw scores of 76 and 74 have gone on to become competent
programmer/analysts. To this end the preferred minimum raw score on
the CPAB is 75, however nc cut-off shall be applied by PSOs."
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Table 1: Means and Standard Deviations for the CPAB

N = 83
* bracket indicates publishers norms for trainees - N=641 - source CPAB
Examiners Manual Second Edition, 1974.

I |
| Mean SD |
| Verbal Meaning 20.10 (17.3)% 6.81 (6.8) I
i Reasoning 11.57 (10.9) 5.76 (5.9) |
| Letter Series 13.59 (13.4) 4.16 (4.7) |
] Number Ability 14.63 (13.1) 4.87 (5.3) |
| Diagramming 25.78 (23.8) 7.42 (8.8) l
| CPAB Total 86.08 (78.4) 23.26 {25.2) |
| I
| I
I |

The sub-test intercorrelations (Table 3) reveal that the trainees
subtest scores are highly correlated. In several cases, the correlations are
markedly higher than the publisher's estimates or those found by Martin (1973).

Table 2: CPAB Intercorrleations and Reliability Estimates

1 2 3 4 5 6
1 Verbal Meaning (.82 .B7b .48 .53 .33
2 Reasoning .70¢ (.88) .60 .67 .53
3 Letter Series .36 .54 (.67) .56 .48
4 Numberability .57 71 .52 (.85) .38
5 Diagramming .48 .66 .57 .49 (.94)
6 CPAB Total .79 .89 .70 .79 .83 (.95)

@ diagonal - publishers reliability estimates
upper half - publishers intercorrelations~source CPAB Manual
C lower half - MARTAC trainees' intercorrelations-source CPAB Manual

—— ——— — — ——— — —— —— — —
—— — —— — —— o S, — — — — —

The course grades of those subjects for whom both test scores and
grades are available were examined. No test results were availible for any of
the course failures although it is known that four F grades were recorded.

The grade range therefore is 2 to 4 with a mean of 3.13 and a standard
deviation of 0.84.

Product moment correlations between CPAB subtest and total scores and
course grade were all positive and significant (p < .0l). It can be noted in
Table 4 that the highest correlation was between the Reasoning subtest and
grade (r= .5688). CPAB total correlated almost a high at .5588.

Table 3: Validity Coefficients - CPAB and Course Grade

I |
| Verbal Meaning .4128 Number Ability .4269 |
| Reasoning .5688 Diagramming .5079 |
| Letter Series .3194 CPAB Total .5588 |

The subtest scores were entered into a simultaneous multiple
regression analysis and yielded a multiple R of .5992. Simple correlation of
total score with course grade indicates that the test accounts for 31.2% of
criterion variance. The R? yielded by multiple regression was .359.
Apparently, since the subtests are highly correlated, relatively little
precision is gained by considering the subtests individuaily rather than using
total score.
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Table 4: Multiple Regression - CPAB Test Scores and Course Grade
unstandardized standardized contribution

!

|

| B. weight beta

| Verbal Meaning .009 .00734 .17037
] Reasoning .057 .39020 .15347
| Letter Series -.015 -.07308 .00023
| Number Ability 010 .05869 .00102
| Diagramming .030 .26054 .03393
| Constant 1.72 RZ .35902 R .59919

|

The relationships found in this study are considerawly higher than
previously found in Canadian Forces studies of the CPAB. The possible
explanations for this relate directly to the interpretation and application of
results of this study.

DISCUSSION

The validity coefficient found in this study are impressive but must
be interpreted with some caution for several reasons. The small number of
subjects may not provide a stable estimate of validity. Secondly, instructors
access to CPAB results may have artifically inflated the correlation between
the CPAB test performance and course grade.

The last point is the most troublesome and will be considered first.
It is possible that providing instructors access to CPAB results established
an expectantcy which affected the instructor-student relationship during
training and/or the assessment process. The instructors claim this is not so
but the effect is likely to be so subtle that instructors would not be aware
of it, even if it were occuring. If the instructors may be taken at their
word, that is, results were only consulted on rare occasions when students
were obviously having problems, it can be argued that an expectancy was
established by student performance. The self-fulfilling prophecy effect would
then be negligible and a greater degree of trust could be placed in the
results of the study.

The likelihood that a near zero relationship could be inflated to the
degree shown in this study is very low, especially since the test's validity
has been been verified in similar settings (Martin, 1971, 1973). The
possibility of an effect cannot be discounted, but neither can its magnitude
be estimated. For a definitive answer, one must await a cross-validation
study.

The coefficients of determination generated by simple correlation and
multiple regression, .31 aiid .36 respectively are markedly greate. than
previously seen (r2=.13, r2=.09) (Martin 1971, 1973) in the Canadian
Forces. This can be attributed to inflation by instructors knowledge of test
scores but can also be accounted for by other factors. Validity coefficients
calculated by Martin (1971, 1973) were proabably supressed by restrictions of
range. The 1971 study was a concurrent validity study so that all subjects
were pre-selected and had experience at some of the types of problems
presented in the test. This study examined military personnel and civilian
employees of the Department of National Defence and it was fourd that thne test
was much more predictive of military members performance than of civilians.
Cne explanation is that the military people were rated more reliably than the
civilian employees, but it is also possible that they constituted 2 more
heterogeneous group. The civilian ADP workers would apply for and be hired

66

As A m s At he s A Ma Ae M Aa s M Aa hm Am A s ad wa b oa

s 2 .% 4 & b B A A M & S A_ & . M A M & MM A M M e A A M bbb AASAda ts Ae an sa Mo M S M. S A A A s Ameh




for the programmer jobs only if they had some interest in, and presumably,
some talent for the job. The military people that are employed in the
environment are selected, in part at least, because of their experience ¢ 4
success in the military. This factor would tend to expand the range of
interest in, and aptitude for programming. Presumably, a similar effect would
be found among MARTAC candidates. Since trainees were not selected on tue
basis of the CPAB, the range of predictor variance could be expected to be
greater than that us ally found among ADP trainees and employees. Greater
variability in the proaictor variable would, given some degree of validity,
yield higher =crrelations than the same predictor with the lower end of the
range eriminated.

The small number (83) ava.rable for this study reduces the confidence
one rmay have in the stability of results. The correlations however, are very
strong and indicate that the test is basically valid.

CONCLIISION

The CPAB is a valid test for use in the selection of MARTAC trainees.
The application of the test for selection of the trainees has r t yet been
decided. This study is part of a larger assessment of ADP selection
procedures and will be applied ¢ily in the larger context. Other factors to
be considered include the effects of military rank, education, previous
military training, and occuaptional background. As well, consultation must be
carried out with career management staff and higher levels within Maritime
Cemmand .

The use of tests like the CPAB can be justifiea only te the ertent
that they contribute to more valid personnel decisions. This can only be
accomplished in the context of organizational needs and values. To this end,

information relating to costs, and benefits of possible training outcomes will
be assembled and analyzed. Then an appropriate application of decision theoxv
(Cronback and Gleser, 1965) can be devised.
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ABSTRACT

Validation of the Computer Programmer
Aptitude Battery

J.P. McMenemy Canadian Forces Personnel
Applied Research Unit

The Computer Programmer Aptitude Battery was administered to 83
Canadi.n Military Officers and NCOs prior to the Maritime Tactical Programmer
Course. Correle¢ .ion and Multiple Regression demonstrated the validity of the
test. In Multipie Regression Analysis the test accounted for 35.9% of
criteria variance. A possible confound in the study and the development of a
comprehensive selection model are briefly discussed.
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VIBRATION EFFECTS ON DIGIT-3 MBOL CODING*

Alvah C, Bittner, Jr., John C. Guignard
Jeffrey C. Woldstad, and Robert C. Carter

Naval Biodynamics Laboratory, New Orleans, LA. 70189

Abstract

A Digit Symbol Coding task was investigated with three trials each
before, during, and after whole-body sinusoidal vibration. Four inexper~
ier.zed and two experienced subjects were tested at 8 Hz at 0.21 g rms.
Resuits indicated that individual differences and related (group)zinterac—
tions accounted for respectively 51.1% and 5.0% of the total sum-of-
squares. Simple vibration effects accounted for 14.87% of the variance.
The present and previous results indicate: (1) performance decrement re-~
ductions with practice under vibration, and (2) the operation of an exper
ience~practice interaction cn performance after vibration. It was conclu
ded that vibration research should utilize control groups, randomization,
and repeated measures methodologies. With regard to the international
standard on human whole-body vibration exposure, ISO 2631-1978, it was
recommended that research be directed at the under-explored realm of
psychophysiological and biomechanical effects during long-term exposures.

An experimental program is underway at the Naval Biodynamics Labor-
atory to measure whole-body vibration effects in man. These studies are
aimed at establishing correlations between the psychophysiological res-
spoases and the biodynamic (inertial) responses of human volunteer sub-
jects to various mechanical input forces of the kind to be experienced by
the crew of ships and aircraft. As pert of this program, a series of in-
vestigations is being conducted using vertical (z-axis) sinusoidal whole-
body vibration. This report is concerned with the effects of (8 Hz,0.21
g _rms) vibration on performance of a Digit-Symbol Coding Task.

Digit-Symbol Coding has a long history of investigation and develop~-
ment. Initially developed by Otis around World War I, the task is a part
of several intelligence batteries (Wechsler, 1958). Coding has been re-
cently reviewed, examined for stability, shown sensitive to ship wotion
environments, and recommended for inclusion in an environmental assess-
ment battery (Pepper, Kennedy, Bittner, & Wiker, 1980). Carter and
Sbisa (1981) have more recently developed a computer based method for
generating great numbers of alternate forms of (Digit-Letter) Coding.

Guignard, Bittner, and Carter (1981) have studied Digit-lLetter Cod-
ing under various vibration conditions. In their investigation, they
noted an interaction between vibration experience and performance fol-
lowing vibration exposure. Specifically, a group of inexperienced sub-
jects performed at near experienced group levels before and during ex-
posure, but fell off substantially afterwards (F(4,32) = 3.82; p < .02).
Guignard et al. also studied "Spoke" (Bittner, Lundy, Kernedy, &
Harbeson, in press) and "Aiming" (Fleishman & Ellison, 1962) manual

*This study was conducted under U.S. Navy Bureau of Medicine and Surg-
ery Work Unit MOC96-PN002-1018, The opinions are those of the authors
and do not necessarily reflect those of the Department of the Navy.
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task but found no similar interaction for either manual task (p».4l1).
The pattern of results suggested carry-over effects on mental (Coding) but
not on manual tasks.

The primary goal of the present study was to research vibration ef-
fects on Digit-Symbol Coding. A secondary goal was to evaluate a basic
paradigm for investigating within exposure conditions (Before, During,
and After). The purpose of this investigation was to obtain further evi-
dence pertaining to the validity of the current international standard,
IS0 2631-1978, on human exposure to vibration (International Standards
Organization, 1978).

Method
Subjects and Groups

The subjects were 6 Navy enlisted men (aged 19 to 24) who had volun-
teered for duty as biodynamics research subjects. They had been selected
to be unusually free of skeletal, cardiopulmonary and other medical or
psychological conditions which would preclude participation in potentially
hazardous envirommental research. The subjects were otherwise typical of
the general enlisted population. All subjects were recruited, evaluated,
and employed in accordance with SECNAV Instruction Series 3900.39 and
BUMED Instruction Series 3900.6. These instructions are based upon in-
formed voluntary consent and meet provisions of prevailing national and
international guidelines regarding proper human experimentation. A more
detailed description of the volunteers and their selection is given by
Thomas, Majewski, Ewing, and Gilbert (1978).

The subjects were divided into two experience-level groups. The
ficst group (1) consisted of 4 subjects who had had no previous formal ex~
periencc with performance tests under vibration. The second group (2) con-
sisted of two subjects who had had previous exposure to experimental vi-
bration and experience with the task and conditions of this study.
Vibration Conditions and Procedures

The sinusoidal vertical vibration condition employed in this study
was 8 Hz at 0.21 g rms delivered at the seat and foot-rest for 8 minutes.
This condition was”selected with reference to ISO 2631-1978 and the level
applied to the seat was twice the value of the "Fatigue/Decreased Profi-
clency Boundary" defined for short-term, whole-body exposure. The expo-
sure condition was one previously evidencing simple vibration and carry-
over effects (Guignard et al., 1981).

Prior to vibration exposure, subjects were given 5 trials of Digit-
Letter Coding in a training session on the day preceding their experimer.~
tal run. Equivalent forms of the task were employed which had been gener-
ated by the program of Carter and Sbisa (1981). On the experimental day
and before boarding the vibration machine, subjects performed the tasks
twice to "warm up'". Once mounted on the vibration machine, three data
trials were administered each Before (B), During (D), and After (A) vi-
bration for a total of 9 observations. The duration of each trial was
120 seconds and the score was the number correct. Between trials, sub-
jects had 40 seconds of rest. Trials were arranged so that the first
"After trial" was initiated simultaneously with the cessation of vibra-
tion. The training session and warmup procedures were similar to those
employed by Guignard et al. (1981).

Subiects were debriefed subsequent to experimental data collection.
As part of this debrief, it was noted that Coding Task could be divided
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into three subtasks: '"Seeing", "Thinking", and "Writing". Subjects were
asked to directly estimate the '"proportion of capacity which .emained
under vibration'for each subtask independently. A modulus of 50 was des-
ignated "as the capacity under no vibration'". Subjects were given scal-
ing illustrations of 25 for a reduction to half capacity and 75, to re-
present a 50% increase in capacity. The subjects' scaling comprehensions
were checked prior to their estimations. The direct estimation procedure
was derived from Stevens (1975).

Apparatus

The subjects rode seated on the Laboratory's 28,000 Lbf electrody-
namic vibration machine, operating in its vertical (z) mode (i.e., vibra-
ting in the direction of gravity), and equipped with a rigid seat and
foot-rest directly coupled to the armature of the machine. The hard seat
was, for comfort, shaped similar to a farm tractor seat. It also incor-
porated the seat reference accelerometer used to monitor the vibration
input to the subject in his z~axis. Only gravity was used for restraint:
there were no straps or back-rest. The machine is capable of shaking a
seat and human subject without extraneous mechanical support or appreci-
able distortion of the vibration wave~form in the conditions studied: rms
acceleration at the seat was controllable to within *1%; vibration fre-
quency was controllable to within *0.5%; and total harmonic distortion
was negligible. Subjects were provided with clip-boards for holding task
materials and with fine-point marker pens to enter responses. Tasks were
presented and timed by a test administrator who stood beside the vibration
machine.

Results

The analysis was conducted in two phases., 1In *“he first phase, a
repeated measures analysis of-variance (ANOVA) was conducted on scores
from Digit-Symbol Coding. 1In the second phase, the debrief scaling esti-
mates was analyzed by ANOVA. These two phases are described below.
Coding Analysis

Table 1 summarizes the ANOV? In this analysis, a Group factor (G)
divides the subjects into inexpe iced (Group 1) and experienced (Group
2). The 9 repeated measures on each subject represen:s 3 trials (T) on
each of the three vibration Conditions (C): Before (B), During (D), and
After (A). Table 1 shows that each main effect and interaction contrast
within-subject (Ss) was examined. In tnis table and following Bittnex
and Carter (in press), C(1) and C(2) are linear and quadratic contrasts
between Conditions ((A-B) and ((B+A)/2 - D)), and T(1l) and T(2) are linear
and quadratic components for Trials. Experimental interest was focused on
the individual contrasts.

Table 1 reveals four effects clearly significant (p <.05) and two of
marginal significance (pX .07). These can be viewed in three clusters of
respectively one, two, and three effects. First, Subjects- Within-Gcoups
(Ss w.G) shows a very highly significant iggication of (within-group) indi-
vidual differences (F(4,16) = 33.82; p<i0 7). This {Ss w. G) is also a
substantial effect representing 51.17% of the total sum-of-squares (SS).

C(1l) and C(1)G constitute the second cluster of effects. In the
current context, C(1)G is the interaction of the (A-8) difference with
Groups. C(1) and C(1l)G respectively show: a marginally s’znificant
(F(1,8) = 4.87; p £ .06) drop in performance across groups; and a clearly
significant indication of Group differences (F(1,8) = 5.34; p £ .05).

T zether, these effects make up 6.7% of the total SS. Figure 1 1llu-
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TABLE 1. Analysis-of-Variance Summary

SOURCE SUM-OF-SQUARES DEGREES OF F PROBABILITY
FREEDOM
Between Ss:
Group (G) 5.33 1 0.01 NS
Ss w. G 1561.50 4 33.82% £.00001
Within Ss:
Conditions (C)
Cc(1) 98.00 ] 4,87 .05 < p<.06
C(2) 450,67 1 22.39 <.002
c(l)G 107,56 1 5.34 <.05
C{2)G 16.67 1 0.83 NS
Ss w. CG 161,00 8
Trials (T)
T(1) 6.13 1 0.16 NS
T(2) 3.38 1 0.09 NS
T(DG 6.13 1 0.16 NS
T(2)G 12.04 1 0.32 NS
Ss w. TG 298.83 8
¢T Interactions
CT(1,1) 16.33 1 1.42 NS
CT(1,2) 6.25 1 0.54 NS
CcT(2,1) 64.00 1 5.55 <.022
CT(2,2) 4.08 1 0.35 NS
CT(i,1)G 3.00 1 0.09 NS
CT(1,2)G 0.03 1 0.00 NS
CT(2,1)6G 4.00 1 0.35 NS
CT(2,2)G 44 .08 1 3.82 .05¢ p «.07
S§s w. CTG 184.67 16

*
Congervatively Tested Against Ss w. CTG
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strates both of these effects where: Group 2 scores well Before (B) but
shows a moderate drop After (A) exposure; and Group 1 shows a very slight
(A-B) increase. Overall, the groups show a modest (A-B) decrease.

The third cluster consists of C(2), CT(2,1), and CT(2,2)G which
altogether constitute 18.37% of the SS. C(2), ((B+A)/2 - D), shows a
highly significant indication of an overall effect due to vibration

(F(1,8) = 22.39; p £.002). In addition, CT(2,1) indicates that the "vi-

bration effect' changes linearly between the first and last Trials across
Groups (F(1,16)=5.55; p<.032); and CT(2,2)G provides a marginally signifi-
cant indication that the Group's vibration effects differ in their qua-
dratic component across Trials (F(l,16) = 3.82; p <.07). Figure 2 illu-
strates all of the effects of this cluster in terms of Base line ((B+A)/2)
minus vibration (D) differences. Examining this figure, it can be seen
that all differences shown in the figure are pesitive; vibration effects
are present across all trials and Groups as indicated by the significant
C(2) effect. Next, it can be seen that there is a reduction in the Base-
line~Vibration difference between Trial 1 and Trial 3; this gave rise to
the CT(2,1) effect. Lastly, the figure indicates that the decrease in
Baseline-Vibration occurs more slowly for Group 1 tham for Group 2. Over-
all, the results of this cluster suggest: practice reduces the vibration
effect; and previous experience enhances this reduction.

Direct Scaling Analysis

Subject proportional estimates for "Seeing", "Thinking", and "Writing"
were calculated and cast into a two-way repeated measures table prior to
analysis. ANOVA of this table revealed no significant differences between
subjects (F(5,10) = 1.29; p > .34) and hightly significant task differences
(F(3,10 = 6.05; p < .013). Thinking was seen to have the greatest remain-
ing capacity (0.883), Seeing a lesser capacity (0.720), and Writing the
least remaining capaci+<y (0.567). Significantly, 5 of 6 subjects also
specified Writing as their greatest problem prior to estimation instruc-
tions (p <€ .02). Subject estimation indicated that vibration effects
were largely input-output in nature (Seeing-Writing) with the greatest
problem being output (Writing).

Discussion

This investigation was directed at effects of vibration on Digit-
Symbol Coding. A subsidiary concern was with the paradigm employed in
this study. The purpose of this investigation was to gain further insights
into the current international standard (ISO 2631-1978). An overview of
the findings and implications of this investigation will be discussed.

Qverview

Individual-differences and vibration effects were the most salient
findings of this study. Overall individual differences, as accessed by
Subjects-within-Groups (Ss w. G), constituted the majority of the total
sums~of-squares (51.1%). This proportion, it is noteworthy, is comparable
with the 29.97% reported for overall subject differences by Guignard,
Bittner, and Carter (1981). In addition, Group differences were manifes-
ted in interactions with conditions (C(1)G) and trials (CT(2,2)G) with
additionally explained sums-of-squares (5.0%). Mzin effects of vibration
(C(2)) accounted for 14.87 of the total sum-of-squares. The direct esti-
mation results indicated that the vibration (C(2)) effect was largely due
to "Writing"; this supported the correlational analysis of Guignard et
al. (1981) who found the effect on Coding was essentially mechanical, not
mental in nature, Altogether, individual-differences related sums-of-

73




70__

GROUP 2 EXPERIENCED

~
~
\ \
L, 651 N\ ~ 7AN
g GROUP 1 ~
[ INEXPERIENCED N
: ~_
2 ~O
~ 60
2T g 2
S = S
5 [ = =~
= g o =
~ £ m =
~ =2 Fu
/M > < >
.l
d 1
! I
CONDITION
Figure 1. Group Sccres Before and After Vibration
12 ——
£=)
% //'O
& ——=—"" GROUP Y INEXPERIENCED
= 10 CD—/ \
i AN
= A
Ll
2 8 \\
z \
& 6 1T N\
g \
R A
1 ZCS"___—_——_—-—_;kT—
2 \
z o1 GROUP 2 O
S EXPERTENCED
o
2ol = J
1 2 3

TRIAL NUMBER

Figure 2. Group Baseline-Vibration Differences Over Trials

74

LMM‘AJA‘.‘_‘_‘_‘_LA‘_&FJA_&‘AM*L A s A B A K A M A A A& LM B s us i habha hMalha 22 ha Ba Aa Sa B A A a4 Ma A A s 4 BAm s A am A s



oW v oy v

squares accounted for 56.1%7 and simple vibration effects for 14.87% of the
total. Individual-difference related sources clearly dominated the ex-
plained variation.

Figures 1 and 2 illustrate the nature of the group interactions.
Figure 1 shows that, while the inexperienced subjects (Group 1) showed
improved performance subsequent to vibration, experienced subjects
(Group 2) showed a decline. This finding appears, at first glance, to be
in conflict with the report of Guignard et al. (1981) who found that their
inexperienced group showed a decline (Before-After) while their experi-
enced group demonstrated improvement. However, reexamination of Guignard
et al.'s. (Table 5) data revealed increases early in practice between
measures Before and After (e.g., Exp. 1), but that declines in later ex-
periments (Exp. 4). From current and previous findings, a complex inter-
action of experience and practice might be posited; however, additiocnal
empirical evidence appears preferable to speculative att=mpts at explana-
tion using the current data base. Figure 2 shows both groups improved
under vibration performance with practice; however, inexperienced subjects
were slower to improve than experienced. Interestingly Guignard et al.
(1981) were unable directly to demonstrate improvements under vibration
as they only had single trials under each condition. However, compari-
son of their experiments 1 and 4 (8 Hz , 0.21 g rms) results reveal an
apparent reduction of the overall Basel ine-Vibrition difference from 15.5
to 12.0 for repeated testings with several months separation. Thus, the
results of Guignard et al. (1981) are not inconsistent with those of the
present experiment and indicate task learning under vibration. Altogether,
the present and previous results indicate: reduction in vibration perform-
ance decrements with practice and an interaction of experience and prac-
tice with performance after vibration.

Implications.

The individual-difference related results have implications for fur-
ther investigations. Following Guignard et al. (1981), the consistent
large scale differences between subjects across conditions suggest the
continued use of repeated measures designs for their control. In addi-
tion, the group related interactions in this study also support their
recommendation that subjects be given a modicum of vibration exposure be-
fore formal experimentation. However based upon the current investiga-
tion, justification for this procedure would involve minimization of pos-
sible effects of experience-practice interactions. The need to control
individual-difference related interactions reemphasizes the (Fisher, 1966)
requirement for random assignment of subjects to experimental conditionms.
In addition, individual-~difference related interactions suggests the
addition of a control group, particularly where interactions with the ex-
posure conditions are involved. Campbell and Stanley (1963) have des-
cribed the value of control groups and the pitfalls of research without
them. Altogether, the individual-difference related results emphasize the
need for controls, randomization, and repeated measures.

Trial related effects highlight the need for study of the develop-
ment of effects during vibration. The performance adaptation to vibra-
tion which has been showm suggests the operation of many possible mecha-
nisms: psychological, physiological, and biomechanical. Such adaptations
could mean that the international standard (ISO 2631-1978) is unduly con-
servative for long—term exposures. Based upon assessment of the meager
data base for extended exposures, this possibility has been previously
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pointed out by Guignard et al. (1981). The need to examine the develop-
ment of effects and the paucity of data at longer exposures recommends
their joint consideration in future research. Fortunately, time-series
and other methodologies applicable to the study of dynamic long-term
changes are currently available (cf, Bittner & Carter, in press).

It is concluded that future research should utilize control groups,
randomization, and repeated measures methodologies. With regard to
IS0 2631-1978, it is recommended that future research be directed at the
under-explored realm of long-term psychological, physiological, and bio-
mechanical changes.

References

A.C. Bittner, Jr. and R.C. Carter. Repeated measures of human
performance: A bag of research tools. In: J.C. Guignard (Ed.).
Proceedings of the International Workshop on Research Methods in Human
Motion and Vibration Studies, in press.

A.C. Bittner, Jr., N.C. Lundy, R.S. Kennedy and M.M. Harbeson.
Performance Evaluation Tests for Envirommental Research (PETER): Spoke
Tasks. Perceptual and Motor Skills, 1982, in press.

D.T. Campbell and J.C. Stanley. Experimental and Quasi-Experimental

Designs for Research. Chicago: Rand McNally, 1963.

R.C. Carter and H. Sbisa. Human Performance tests for repeated
measurements: Alternate forms of eight tests by computer. New Orleans:
Naval Biodynamics Laboratory, Unpublished manuscript, 1981.

R.A. Fisher. Design of Experiments (8th Ed). New York: Hafner,

1966.

E.A. Fleishman and G.D. Ellison. A factor analysis of fine manipu-
lative tests. Journal of Applied Psychology, 1962, 46, 95-105.

J.C. Guignard, A.C. Bittner, Jr., and R.C. Carter. Methodological
investigation of vibration effects on performance of three tasks.
Proceedings of the 25th Annual Meeting of the Human Factors Society,
Rochester, N.Y., October 1981, 342-346.

International Organization for Standardization (ISO). Guide for the

evaluation of human exposure to whole-body vibration. Geneva: IS0, 1978.
(International Standard ISO 2631-1978).

R.L. Pepper, R.S. Kennedy, A.C. Bittner, Jr., and S.F. Wiker.
Performance Tests or Environmental Research (PETER): Code Substitution
Test. Proceedings of the Seventh Psychology in the DOD Symposium.

Colorado Springs: USAF Academy, 1980, 451-457.
S.S. Stevens. Psychophysics: Introduction to Its Perceptual, Neural

and Social Prospects. New York: Wiley, 1975.

D.J. Thomas, P.L. Majewski, C.L. Ewing, and N.S. Gilbert. Medical
qualification procedures for hazardous duty aeromedical research. AGARD
Conference Proceedings No. 231. Neuilly-Sur-Seine, France: AGARD, 1978,
A-3: 1-13.

D. Wechsler. The Measurement and Appraisal of Adult Imntelligence.
Baltimore: The Williams & Wilkins Co., 1958.

76

A_m_ 4 A A = 4 A A A Mha M O s om M oA M oA Mom A & M & & ladasshas Al da M A AS ae B M A A M A A 2k A ik sk abh shabhoake hada ha Ba AS ha i M bk s AA ke Ad ke fwsdds A A o A .




The Celestial Training Device - An Example of a

Low Fidelity, Highly Effective Part Task Trainer

INTROBUCTION

Over the past decade, considerble attention has been aiven to the
development and use of training simuiators. Simulator technology has allowed
great advances in the ability to realistically simulate the operational
environment. These advances have been manifested in all areas of simulation
technology from visual displays (e.g., Yan, 1980) to maintenance trainers
(Smith, 1980).

Currently, as these technological advances have been occurring,
behavioral research has indicated that a high level of physical fidelity is
not requried for training many types of tasks. For nrocedural tasks in
particular, a number of studies have indicated that non-operational mock-ups
or photographs freouently allow as much transfer of training to the
operational equipment as a dynamic training device (e.g., Proplet and Boyd,
1970; Sitterly and Berge, 1972; Cox, Yood, Boreu and Thorne, 1965; Johnson,
1978). Even for psychomotor skills, there is some doubt reguarding the
fidelity enhancers such as the motion platform (e.g., Gray, 1980). Clearly,
there is a large gap in our knowledge about the relationships amoung
simulator physical fidelity, osychological fidelity, and training
effectiveness. As Tong as these relationships are unknown, the tendency will
be to design higher fidelity devices than are required or to build "state of
the art" simulators.

The study discussed in this article nrovides a data point for the
resolution of the fidelity reauirement vs. tasks to be trained.

THE TRAINING DEVICE

In early 1978, two KC-135 navigators developed the concept and software
to perform ceiestial training using a micro-computer. The concept was
approved for evaluation by Headquarters, Strategic Air command (SAC), and the
actual fesibility of the concept was determined by the 4235th Strategic
Training Sauadron (STS) in August 1978. Final approval for the acquisition
of the Celestial Training Devices (CTDs) was given in February 1979.

The 4235th STS was desianated as the command prooram manager and given
the responsibility for proagram implementation. CTD delivery started in
August 1979 and was completed to all SAC opnerational sauadrons by January
1980.

As presentlv configured, the CTD is simply a Northstar Horizon micro-
computer with a 48K primary memorv, a 5 1/4" floppy disk drive, an internal
clock, a printer, and the associated software. The program is written in
BASIC. Essentially any microcomputer with the required peripherals could be
nrogarammed as a CT% with only minor software modifications. The software was
dgsigned to enable a navigator to call up the computer program with very
simple commands. The computer plays the part of pilot, aircraft, and
celestial observer.
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THE TRAINING PROFILE

The training profile is similar to actual celestial navigation in the
aircraft with some exceptions. The navigator is in a classroom environment
that lacks the realism of excessive noise, vibrations and other
inconveniences of actual flying. Charts, 1ogs, reference books and reauired
equipment are available to be used simultaneously with the computer. The
navigator follows the mission in real time, completing all routine work
required on the charts and logs. Instead of coordinating with real people in
the pilot and ohserver stations, he must communicate with the computer via
the computer keyboard Also, the computer has "built-in" errors that will
cause the navigation to be in error, thus requiring conrtinuous corrections.

PERFORMANCE MEASUREMENT

At the end of the simulated celestial navigation mission, the student or
his instructor can take the Mission Summary data and replot the flight. This
replot allows the student to compare his solution of the navigatinn mission
with what the simulated aircraft, the computer, actually fiew.

TRAINING EFFECTIVEMESS STUDY DESIGM

When the celestial training device study was conceived in January 19890,
most CTDs had already been delivered to the Air Force units. Since the Air
Force routinely collects and files obiective navigator evaluations in the
form of in-flight performance skills on AF Form 157, it was then determined
that a realistic study could be conducted. This study would compare
in-flight navigation skill measurements, as recorded on the AF Form 157s
before CTD practice, with similar skill measurements after the navigators had
a chance to practice on the CTD.

The plan called for the flight record office at each base to send copies
of all AF Form 157s for navigation flights prior to the beginning of CTD
training to the 4235 STS. These forms were reviewed for completeness, and if
they met predetermined criteria, they were used in this study.

The control group data consisted of the responses from the February 1980
request for all AF Form 157s prior to CTD trainina. This request yielded
over 1,000 Form 157s. Initial review eliminated 700 of these that
represented inteorated flights because these flights allcwed the navigator to
use additional navigation aids such as inertial computers.

The 300 AF Form 157s that remained were reviewed for completeness.
Certain omissions of less critical data points were considered acceptable.
The data points considered to be less critical were: (1) final heading, (2)
control time, and (3) Error (See below for definition of these terms). Uhen
these omissions were allowed, 121 of the Form 157s aualified for inclusion in
the study and were used as control group data.

On May 28, 1980, CTDs had been in place lona enough to justify acauiring
the remaining data for the Celestial Trainina Device Studv. A request went
to all SAC sauadrons using a CTD to provide the number of bhasic celestial
navigation flicghts flown from Nct 1979 to lMay 1980. 1In addition, they were
to send all AF Form 157s for basic navigation leas flown during the months of
April and May 1980 to the 4235 STS.
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Since the operational units understood that only basic celestial
navigation flights were to be included, only 300 forms were received. These
forms were reviewed under the same conditions and by the same person as the
control group data. Ninety-nine of the AF Form 157s qualified and were used
as the experimental data for our Celestial Trainina Device Study.

A total of twelve performance meazures can be obtained from each AF Form
157. These are: (1) Final Heading, () Celestial Control Time, (3)
Percenrt Reljability, (4) Computation Error, (5) Plotting Error, (6) Dead
Reckoning (DR) Error, (7) Computation and Plotting Error, (8) Cumulative
Error, (9) PRating, (10) Major Error, (11) Significa'.t Error, (12) Minor
Error.

ANALYSIS AND RESULTS

0f the twelve variables described earlier, all except instructor ratings
yielded interval data (i.e., data for which an analysis of group means and
variances would be appropriate). Instructor ratings were ordinal in nature;
therefore, means analyses would not have been appropriate. Consequently,
chi-sjuare goodness-of-fit tests were performed on these data.

1% was proposed at the outset of the study that data from BR-52s and
KC-13%s shoui? be combined into one group. This was felt to be valid since
there is no logical reason to differentiate between navigators of the two
aircrsft with respect to the celestial navigation task. Procedures and
training methods are essentally identical for both aircraft. Also, some of
the Form 157s, which were to be included in the study, did not indicate which
aircraft was involved. Therefore, a significant proportion of the data would
have been excluded if it were necessary to discriminate between aircraft
types within the data. To ensure the validity of this commonality
assumption, the data for which the aircraft type was known were analyzed for
potential differences. This ensured that no performance differences existed
which were attributatle strictly to aircraft type. Tables 1 and 2 present
these comparisons between the pre-CTD and post-CTD aroups, respectively, on
the instructor ratings.

Chi-square goodness-of-fit tests conducted on these data yielded values
of X»= .771 {p>.5) and ‘X™= .636 (p>.5) for the data contained in tables 1
and 2, respectively. Table 3 presents this information for the cumulative
error score. Two planned independent one-way ANOVAs were conducted to
compare B-52 and KC-135 performance on the pre-CTD data F(1,52) = .0076 (NS);
and on the post-CTD Data F(1,52) = .34 (MS). The analysis of these two
critical measures of performance support the contention that B-52 and KC-135
data could be combined for analysis on an empirical, as well as a logical
basis.

Table 4 presents means of the data comparing pre- and post- CTD
performance with respect to the first nine variables. From this table, we
can see that significant improvements were observed for Percent Reliahilitv
and Cumulative Error as a conseauence of CTD training. Mo measures indicated
a deterioration of performance. Table 5 pre<ents the data for a chi-sauare
goodness-of-fit test for the instructor rating dats. The test statistic for
this table is X* = 9.4 (p <.025). Table 6 presents the data for the major,
significant, and minor errors to determine whether a shift had occurred in
the type of errors made (i.e., relatively more minor and fewer maior errors).
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The X statistic for this table is X" = 3.01 (p <.25). However, also of
potential interest was whether the mean number of each type of er‘ors made
per student had changed with the introduction of the CTD. Table 7 presents
these means and indicates the test statistics and associated reliability of
differences existing between the means of pre- vs. post-CTD training groups.
1t appears from Tables 6 and 7 that a reduction in the number of major errors
may have occurred, although the effect was only significant at the .25 level.

Another cuestion which had to be answered was how the number of in-flight
celestial navigation less had changed subsequent to the introduction of the
CTN. The desirability of the CTD is very much a function of how large these
reductions can be. SACR 51-52 and SACR 51-135 were modified so that the
reauired number of celestial navigation legs were reduced. However, to
ensure that this reduction had occurred, data were collected pertaining to
the number of aircraft celestial navigation leas flown per month at each
base. Some months had more flying days available due to the number of
weekends and holidays. Conseauently, these dates were adjusted to reflect
the number of celestial navigation leas flown per available flying day.

Table 8 presents these data. To summarize, there was an average of 10.17
celestial navigation legs fiown per available flying day at all of the bases
studied during the months of October and Hovember 1972, when the pre-CTD data
were collected. There were an average of 7.43 celestial navigation legs
flown per available flying day durinag the months of April and May 1980, when
most of the post-CTD data were collected, a reduction of 3.27 celestial
navigation legs per flying day. This represents a reduction of 30.6 percent.
The pumber of navigators at these bases remained constant thcucshout the
period of the study.

NISCUSSIOM

There is no doubt that the data obtained during this study support the
contention that the CTD provides a highlv effective training medium for the
maintenance of celestial navigation skills. Wone of the measures showed &
significant degradation of performance and several key measures (percent
reliability, cumulative error, and instructor ratinags) showed sianificant
improvement at the 95% confidence level. Several other measures (number of
major errors per fliaht, computation and plotting errors, and the
distribution of error tvpes) showed sianificant improvements at the 75~
confidence level. The primarv question was whether the substitution of the
CT) for some inflight training nad caused a deterioration of navigator
performance. The answer is an uneauivocal "Mo." 1In fact, we can surmise,
with some degree of confidence, that in-fliaht performance has in some ways
improved as a conseauence of the CTD.

Pecause a performance improvement was observed, any estimate of the
Transfer Effectiveness Ratio (TR) will probably underestimate the value of
the CTRN. However, usino the most conservative data available, SACH 51-52,
Volume 7, requiring one to three CTR flights per ocuwartzr, and the Transfer
Effectiveness atio as defined by Roscoe (1971), we can estimate the
TEP = .33.
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It is also interesting to compare the TER to the operating cost ratio of
the B-52 and the KC-135 to the CTD. This provides us with an estimate of the
cost effectiveness of the CTD. If we consider the operatina costs to include
only power (i.e., fuel and electricity) we find the following estimates:

Power Cost Estimates (per hour)
KC-135 (fuel) = 1560 gallons JP-4 @ $1.17/gal = 1825.00
B-52 (fuel) = 2575 gallons JP-4 @ $1.,17/gal = 3013.00
CTD (electricity) = .5 KWH electricity @ $.08/KWH = $.04

or

KC-135/CTD Cost ratio = $1825./%.04
R-52/CTD Cost ratio = $3013./5.04

If the TER of .33 is an effective approximation of reality, the potential
cost savinas of the CTD are enormus.

COMMAND ACTIONS

HO SAC, well aware of the training effectiveness and cost savings of the
CTD, has already taken the following actions.

1. The CTD usaae has been expanded to include initial qualification and
instructor training as well as continuation training.

2. Regulations have been modified to permit the use of additional
naviaational aids allowed on inflight celestial navigation 1eas to include
aircraft computers and inertial systems. This modification has reduced the
number of pure inflight celestial navigation legs shown.

CONCLUSION

The Celestial Training Device represents a Tow-fidelity, in-house
developed Part Task Trainer. It demonstra“ed an inovative use of existina
computer technology. Its effectiveness 1ies not in the eauipment related
fidelitv, but rather in procedural fidelity, i.2., the navigato~ had to
perform actual reouired computing and nlotting tasks. Realism was enhanced
by the employment of "real time" and computer induced errors. This tends to
indicate that scientistseducators, manufacturers and users of training
simulators should be as concerned with the certification of simulator trained
tasks, simulator training certification (SIMTRACERT), as they are with
certifying the simulator's (physical) fideiity, commonly called Simulator
Certification or SIMCERT.
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Use of Optical and Thermal Sights in Daylight Target Detection

Brian L. Kottas and David W. Bessemer
US Army Research Institute, Ft Knox Field Unit
Fort Knox, Kentucky 40121

Abstract

The Fort Knox Field Unit of ARI investigated the use of optical and thermal sights
for daylight target detection. Armor soldiers were asked to detect targets in
optical sight displays, thermal sight displays, or displays in whichk optical and
thermal scenes alternated. In dense vegectation, alternating between thermal and
optical sights produced more target detections than using either sight alone.

In open terrain, using the optical sight produced the best p rformance. Overall
performance with the thermal sight began poorly, but improved to the same level as
the optical or alternating sight conditicuns in later trials. This research
demonstrates the need for target detection training with the thermal sight; a
marked increase in performance can occur when systematic feedback is provided.

Target detection occupies a critical place on the modern battlefield. The
increased lethality of modern weapons demands rapid, effective target detection
and identification. Thermal sights provided a quantum leap in our potential to
detect and identify targets, but this technological advance must be coupled with
an investigation of human perceptual capabilities in using them.

Soldiers clearly must choose thermal sights under conditions of low visibility.
However, existing literature provides little empirically based guidance on
incorporating its capabilities with those of optical sights to optimize target
detection and identification during daylight with good visibility. This research
focused on incorporating optical and thermal sight capabilities to maximize the
number of targets detected and minimize the number of false alarms.

Past laboratory research has demonstrated that multiple observations can
increase target detectability. Multiple, independent observations over time can
be expected to increase the detectability of a target approximately as the square
root of the number of observations (Swets, Shipley, McKey, and Green, 1964). The
same results hold for independent observers attempting to detect targets. When
their individual decisions are optimally combined, performance improves approximately
as the square root of the number of independent observers (see Green and Swets, 1966).
The sensory input from thermal and optical sights is analogous to the above examples.
Input from each sight reflects a slightly different aspect, or dimension of the
environment. One would hypothesize, on the basis of the results described above,
that alternating views from optical and thermal sights should improve performance
over using either sight separately.

Method. Armor soldiers in OSUT individually viewed slides containing from zero
to three targets. Slides were taken either througl. an optical sight or a thermal
sight. Observers pointed out targets in optical sight displays, thermal sight
displays, or displays in which optical and thermal sight slides of the same scene
alternated (the Alternating condition). Display times for all conditions were
equated with a .4 second delay introduce. between thermal and optical slides in
the Alternating condition. Observers' response times were recorded for both
correct detections and false alarms (mistakenly saying there was a target at a
given location when, in fact, there was none). Search time on each trial was limited
to 30 seconds. After each trial the experimenter pointed out correctly detected
targets, missed targets, and areas that had been falsely identified as targets.

The Views, Opinions, and/or Findings Contained in this Report are
those of the Author(s) and Should Not Be Construed as an Jificial
Department of the Army Position, Policy, or Decision, Unless so

Designated by Other Official Documentation. i
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Results and Discussion.

The analysis focused on observers' first responses

on each trial, since the first response is the most critical on the battlefield.
For analysis, trials were divided into those on which slides contained only
terrain with dense vegetation and those on which slides contained targets in open
terrain (targets at the :dges of dense vegetation or on bare and grassy areas).
Figure 1 shows performance for the three conditions in dense vegetation.
Performance is described by the number of correct target detections divided by the

total number of '"target" responses.

This measure takes into account both target

hits and false alarms without the assumption of equal signal and noise distribution

variances required by signal detection theory.
pairs of trials in Figure 1 to smooth the curves.

Performance was graphed across
Comparison of the three sight

conditions with a multiple t-test showed that the Alternating condition produced
performance superior to that of both the thermal sight alone (p<.05) and the

optical sight alone (p<.001).

sights alone was insignificant.
Figure 1 further suggests that with practice observers will become more

proficient in thermal target detection.

The difference between the optical and thermal

Further research is required to determine

the time course of skill acquisition and performance asymptotes, to determine

training requirements with the thermal sight.
Analysi, of response times showed that the increased accuracy in the

Alternating sight condition occurred at the expense of time; responses in the
Alternating sight condition were significantly slower than in either of the other

two sight conditions. Table 1 provides an indication of the speed/accuracy
tradeoff in dense vegetation.
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Figure 1, Proportion of 'Yes' Responses That Were Correct Across Pairs of Trials in

Dense Vegeéetation.
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PERFORMANCE (DENSE VEGETATION)
Proportion of Trials

First Response Hits

First Response False Alarms

Average Detection Time (sec)

TABLE 1

Optical
.22
.27

9.66

SIGHT CONDITION

Thermal
47
.24

12.3¢

Alternating
.55
14

15.31

The practical implications of the speed/accuracy tradeoff depend on the tactical
situation; in some situations speed is the only consideration. However, from a
covered and concealed defensive position, it would seem that speed in detecting
targets is of little value if over three-fourths of the targets are missed, as
was the case with the optical sight condition. For many engagements in dense
vegetation, it may be more important to detect as many targets as possible to
optimally allocate fires before revealing your position.

Performance in detecting targets in open terrain yields a slightly different
picture. In open terrain, there was no significant difference between optical and
Alternating sight conditions in terms of proportion of targets detected. Detection
performance with the thermal sight alone was significantly poorer than in the other
two conditions, but showed signs of improving over practice. Figure 2 shows these
results graphically.
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Figure 2. Proportion of 'Yes' Responses That Were Correct Across Pairs of Trials

in Mixed Terrain.
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Analysis of response times ir open terrain revealed that correct detections
with the optical sight were significantly faster than with the other two sighting

conditions.

Response times for false alarms showed no significant differences.
Table 2 shows the speed/accuracy tradeoff for open terrain.

Considering the

improvement in performance with the therma. sight alone over trials, it would be
interesting to evaluate the average proportion of targets detected pexr second of
search with the thermal sight after more training.

PERFORMANCE (OPEN TERRAIN)
Proportion of Trials

First Respounse Hits

First Response False Alarms

Average Detection Time (sec)

TABLE 2
SIGHT CONDITION
Optical Thermal Alternating
.58 .24 .61
14 41 L14
6.78 11.29 11.47

The data are consistent with the information cited above from Swets et al.
that target detectability increases as the square root of the number of independent

observations.

Data from the Alternating sight condition exceeded the expected
average of the other two sight conditions by approximately —/2.

The data also

revealed that the probability of false alarms in the Alternating sight condition
was lower than the average expected false alarm probability for the other two

sight conditions by approximately 1/-/2.

Table 3 shows some values along the

regression lines that illustrate these findings.

TABLE 3
DENSE VEGETATION TRIAL BLOCK
Proportion of Trials 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Mean
First Response Hits
Alternating Optical/Thermal .58 .54 .51 .47 .52
Predicted (Average X —/2) .51 .50 .49 48 .50
First Response False Alarms
Alternating Optical/Thermal .18 .16 .15 .13 .16
Predicted (Average X -/2) ) .17 .18 .20 .18
OPEN TERRAIN TRIAL BLOCK
Proportion of Trials lst Qtr 2nd Qtr 3rd Qtr 4rh Qtr Mean
First Response Hits
Alternating Optical/Thermal .87 .71 .55 .38 .63
Predicted (Average X -/2) .69 .62 .55 .48 .58
First Response False Alarms
Alternating Optical/Thermal .14 .14 .14 .14 .14
Predicted (Average X —/2) .25 .22 .18 .15 .20
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Although space does not permit a full discussion he.e, analysis of the data
showed an extremely high proportion of first response falsz alarms with the
thermal sight on early trials in open terrain. Later trials showed a dramatic
decrease in false alarms. It is unclear whether the decrease was due to
increased discrimination of targets from non-targets, or whether observers
learned the location of hot spots on the terrain that looked much like targets,
since the slides were taken in a fairly restricted area of terrain. Probably,
some combination of learning about the terrain and learning to discriminate
targets from non-~targets was responsible for the increase in thermal target
detection performance. However, further research must be done to assess the
relative contributions of these two factors.

A further conclusion that can be drawn from these data is that detecting
targets using thermal sights is not automatic; performance improved over
practice. Simply allowing someone to look through a thermal sight for a while
will almost certainly fail to produce acceptable levels of target detection
performance. It should be relatively easy to develop simulated thermal target
detection training displays; since the output of the thermal sight is a video
display, the likelihood of developing transferable training for use in a class-
room setting using currently available technology seems excellent. This research
points out one caveat in developing classroom thermal target detection training
-- since there may be some terrain-specific learning, the target scenes used
should have a number of different backgrounds to provide varied experience in
discriminating targets from terrain features that have a high probability of
falsely being identified as targets,

The immediate relevance of this research for combat, given the likelihood
of terrain-specific leaming, is that when setting up in a defensive position,
TCs and gunners should examine the terrain through both the thermal and optical
sights. This will allow them to locate hot spots that are potential opportunities
for false alarms to occur.
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ABSTRACT

This study tested a training concept termed reverse-role training.
Reverse-role training involves practice by an individual on tasks which he
does not perform in the operational environment but his operational perfor-
mance is dependent upon others performing these tasks. This can be best
perceived in terms of game playing, such as air-to-air combat, whereby the
player will - ~ceive practice playing the opponent's position (e.g., American
fighter pilots receiving training in Soviet aircraft). A study was conducted
in which 32 subjects were trained to play a video air-to-air combat game
with each "aircraft" having different performance characteristics. Results
indicated significant differences on a number of strategy measures and a
probable interaction with aircraft type on the number of wins, losses, and
draws.

by K. Ronald Laughery, Jr. and
Jan L. Ditzian

Calspan Advanced Technology Center

P.0. Box 400
Buffalo. New York 14225
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Introduction

The advent of modern simulation technology has created opportunities
for many new and exciting approaches to training which have not yet been
realized. Until recently, the use of simulation in training has been solely
for the purpose of "simulating" operation of the actual equipment in a
realistic environment. Even with the advanced instructional features which
are available on many existing simulators, most are going underutilized due
to a lack of understanding of how they can best be applied {Isley and Miller,
1976). Given that simulators have capabilities with respect to training
which in many ways exceed that of the operational equipment they are simu-
lating, one of the priorities of the training research community should be
to determine the means by which simulation training can be used to improve
training programs with respect to cost-effectiveness and/or improvement of
the outcoming trainees' capabilities. Research programs are underway within

the Department of Defense to explore concepts such as backward chaining
(Bailey, Hughes, 2nd Jones, 1979) and automated adaptive training (Chaffield
and Gidcumb, 1977, Feurzeig, Cohen, Lukas, and Schiff, 1975). The proposed
research effort is intended to be another step towards the full realization
of the capabilities of simulation training.

Specifically, the proposed experiment explored the application to simu-
lation training of a training concept recently advanced by Klein (1977).
In this report, Klein identifies and discusses a concept he terms the
“phenomenological approach to training”. Basically, the concept states that
there are components of training which cannot be identified in an algorithmic
fashion (e.g., task analysis). In oraer for adequate training, a student
must experience the phenomena directly or indirectly. Klein states that
“the whole is greater than the sum of its parts" and, therefore, learning
will not be ac2quately realized without this "phenomenological training".
Analogies of tennis, bicycle riding, and flying airplanes sufficiently illus-
trate the concept. The study discussed tested a training approach termed
reverse-role training, in which simulators can be used to provide a pheno-
menological experience which would otherwise not be feasible.

Reverse-role training can be defined as that pertaining to the practice
of complimentary tasks which are performed not by the trainee in the opera-
tional environment but by someone else. Obviously, for this training to
be of utility, there must be some interdependence between the complimentary
tasks practiced and the tasks performed by the trainee in the operational
environment. This task interdependence can be either of an adversary nature
(e.g., practicing the piloting of the other aircraft in an air-to-air combat
situation) or involve mutual coordination (e.g., practicing boom-operation
in the training of piloting the receiver aircraft during aerial refueling).
Additionally, reversal-role training should be superior to cognitive training
f the complimentary tasks in that the phenomenological training should be
superior to non-experiential approaches. The question which the study
attempted to answer was whether reversal-role training of the adversary's
task results ir improved operator performance in the actual gaming situation.
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Method

The Task - A video air-to-air combat game was developed for an Apple II
microcomputer. The game was a two-dimensional, one-on-one game. The subject
did not control altitude, only speed and turn rate. The subject's perspective
was as though he were outside and above the aircraft looking down upon the
gaming area. An example of the display he monitored is presented in Figure 1.
He could always see the location of both his and the opponent’'s aircraft.

The subject had three controls: a stick, throttle and firing button.
The stick controlied rate of direction change. The throttle controlled the
speed of the aircraft, similar to an accelerator on an automobile. The throttie
also controlled the fuel consumption rate. The firing button controlled the
player's weapons. When a subject wanted to fire at the opponent, he depressed
the firing button. Each player was limited with respect to fuel availability
and the number of weapons which could be fired during any game. Each game
was completed by either player achieving a hit on the opponent or both players
exhausting either fuel or weapons.

The aircraft differed significantly with respect to handling and weapons
characteristics. A summary of these differences is presented below:

Characteristic Aircraft 1 Aircraft 2
Maximum speed Lower Higher
Maximum turn rate Higher Lower
Acceleration Faster Slower
Weapons range Longer Shorter
Weapons accuracy More accuracy Less accuracy
requirements required required
Number of weapons 3 5
Availabie fule 12,000 units 15,000 units

A pilot study was conducted to ensure that the aircraft were approximately
equal overall, yet they required the use of different strategies. After some
manipulation of each aircraft's characteristics, this was reasonably confirmed.

Subjects - Thirty-two male subjects between the ages of 17 and 28 were
used in this study. They were recruited by signs placed in several locations
at the State University of New York at Buffalo. Subjects were paid $25.00
for their participation in the experiment. A1l subjects who began in the
experiment completed the experiment (i.e., no subject attrition).

Experimental Procedure - Subjects were assigned to oneof four conditions
based on a 2X2 factoral design. The first factor was aircraft. Subjects
were assigned to either Aircraft 1 (ACl) or Aircraft 2 (AC2). The second
factor was training type. Subjects received either Reverse-Role Training
(RRT) or Standard Training (S1). Eight subjects were randomly assigned to
each of the four groups (i.e., AC1-RRT, AC1-ST, AC2-RRT, and AC2-ST).

A1l subjects received a total of 300 training trials (games) over a two
day period. On the first day, subjects received a verbal briefing on the
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instructions and desirable tactics for both aircraft. Then, all subjects
received 120 training trials in their primary aircraft. On the second day,
subjects in the RRT group received 60 trials in their primary aircraft and
then switched to the other aircraft for 80 trials. This training on the
"opponent's" aircraft was reverse-role training. Finally, they received
another 40 trials on their primary aircraft. Subjects in the ST group re-
ceived 180 trials in their primary aircraft only. The pilot study indicated
that these training intervals were adequate for near assymptotic performance
by subjects.

A11 training trials were played against an "instructor pilot". One
instructor pilot was assigned to each aircraft so subjects receiving training
in Aircraft 1 played against the instructor from Aircraft 2 and vice versa.
Prior to commencing the experiment, the instructors played approximately 3,000
games against one another to minimize potential instructor learning effects
over the course of the study.

After training, each subject played against two other subjects on a
third day. Both opponents were from the other aircraft (e.g., AC1l subjects
played two AC2 subjects) but one of the opponents was Reverse-Role Trained
(RRT) and one was Standard Trained (ST). The subject played against each
opponent for 100 trials.

Results

Strategy Analysis - Data were collected on each subject during the train-
ing and experimental sessions so that all trials could be completely replayed
for a detajled strategy analysis. It was of interest to determine how player
strategy was affected by Reverse-Role training. Based on protocol analysis
of the instructors, 39 measures of strategy were developed. These measures
were evaluated during the course of each trial by examining stick and throttle
positions and by examining the geometry of the aircraft relative to one another.
These included measures of aircraft speed, acceleration, turn rate, pointing
direction relative to the opponent, head-on encounters, intercepts, attacks
from the side, fuel usage rate, and missed opportunities. For a more detailed
discussion of these measures and how they were derived, see Laughery (1981).

A 2X2X2 ANOVA was performed on each of these measures for tne 200 ex-
perimental trials (i.e., against other subjects). The first two factors were
between subjects, aircraft type and training type, and the third factor
was within subjects, opponent training type. Each subject played against
opponents from both training types (RRT and ST). Of these 39 measures,

9 showed significant differences with respect to training type at the p< .10
level or better. These are the following:
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Nature of
Measure Name description Difference p

Positive Acceleration % of trial during which RRT <« ST 10
subject was accelerating.

Towards the Opponent % of trial during which RRT > ST .10
subject's aircraft was
getting closer to the

opponent.
Proximal Pointing % of trial during which RRT > ST .05
Towards subject was pointing towards
the opponent's aircraft.
Proximal Pointing % of trial during which sub- RRT¢ ST .10
Orthogonal Ject was pointing neither
towards nor away from
opponent.
Proximal Pointing % of trial during which sub- RRT< ST 10
Aviay ject was pointing in the
opposite direction of
opponent.
Relative Pointing % of trial during which both RRT ¢ ST .01
Same aircraft were pointing in
the same direction.
Relative Pointing % of trial during which both RRT > ST .01
Opposite aircraft were pointing in
opposite directions.
Change in Prox‘mal % of trial during which sub- RRT < ST .10
Pointing - Away Jects is turning away from
opponent.,
Meet - % of trial during which RRT > ST .05

player was attempting to
meet the opponent.

Eight variables were found to be significant at the p< .10 level or
better with respect to opponent training type. These differences tended
to support the findings with respect to subject training type. For the air-
craft factor, 26 of the 39 variables showed significant effects, 24 of which
were at the p .05 level or better. This supported the contention that the
aircraft were fundamentally different, an essential requirement if reverse-
role training is to be useful.

Wins/Losses/Draws Analysis - To determinc whether reverse-role training
had impact upon the "bottom-line" of performance, chi-square analyses vere
performed on the distribution of wins, losses, and draws as a function of
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training type. Table 1 presents the total wins for RRT and ST subjects when
they were in head-to-head competition (i e., trials involving RRT vs. RRT
or ST vs. ST subjects were not included).

Table 1

Wins for Training Conditions
in Head-to-Head Competition

Condition # Wins
RRT 77
ST 735

The Chi-Square test statistic for these data were ™. = .22 (p ».5), indicating
that no mair effect of training had occurred.

The data regarding aircraft type are presented in Table 2. The Chi-
Square test statistic for these data is #° = 25.5 (p- .001) indicating

Table 2

Wins for Aircraft Conditions

Condition # Wins

Aircraft 1 1,304

Ajrcraft 2 1.575
321 Draws

substantial aircraft differences. The question which then arose was whether
there might be an interaction of training type with aircraft type such that
subjects from one aircraft would benefit from RRT and the subjects from the
other aircraft would be hurt by RRT. To test this, RRT subjects from each
aircraft playing against ST opponents from the opponent were compared against
ST vs. ST match-ups. The assumption was that, given common opponent training
types, we could test the effect of subject training type within each aircraft
condition. These data are presented in Tables 3 and 4 for Aircraft 1 and 2,
respectively.
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Table 3
Aircraft 1 - RRT vs. ST

Wins Losses Draws

RRT-AC1 vs. ST-AC2 323 396 81
ST-AC2 vs. ST-AC2 288 416 96
Table 4

Aircraft 2 - RRT vs. ST

Wins Losses Draws

ST-AC1 vs. RRT-AC2 394 339 67

ST-AC1 vs. ST-AC2 416 288 96

Chi-Square test statistics for tables 3 and 4 are”: = 3.77 (p<.16) and
“:=9,91 (p<.01), respectively. This indicates that subjects from Aircrart
1 may have been helped by reverse-role training while subjects from Aircratt 2
were hurt by it.

Discussion

Reverse-role training clearly seems to influence human performance. This
was manifested in both strategy and win/loss analyses. The strategy analysis
indicated changes in variables which seemed to point towares increased aggres-
siveness on the part of reverse-role trained subjects. They were more likely
to be moving and pointing towards the opponent, and they were more likely to
be attempting to meet the opponent. A1l of these measures indicate an in-
creased likelihood of reverse-role trained players to be seeking a confron-
tation or, otherwise stated, expressing aggressive behavior. However, being
aggressive is not necessarily beneficial. One should only be aggressive if
one has the skills necessary to win. The utility of reverse-role training
based upon the increase in aggressive playing behavior should be judged on
a case-by-case basis. Moreover, further research should be conducted to
support this finding and determine its generality to other tasks.

The ultimate utility of reverse-role training was not clearly supported
by the analysis of wins, losses, and draws. The apparent interaction with
aircraft type leads to more questions than answers. It is hypothesized that
the ultimate utility of reverse-role training will be mediated by 1) the total
amount of tr.ining required for the primary task, 2) when reverse-role training
is delivered during training program, and 3) how much reverse-role training
is received. In this experiment we looked at two tasks (i.e., flying two
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different aircraft) under the assumptions that total training requirements
were the same and the application of reverse-role training should be applied
in a similar manner. These assumptions may not be valid. In that event,

we would expect different effects of reverse-role training. Based upon this
study, we would have to say that reverse-role training should be applied
cautiously only after exploring different amounts of reverse-role training
given at different points in the training program. Future parametric studies
where these variables are systematically varied and their effects studied

may clear up this issue.

Clearly, reverse-role training offers potential. 1f we can provide
reverse-role training through simulation, we may have a cost-effective way
of facilitating improved human performance through experience in a unique
training environment.
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The Effects of Human Relations Training on the Leadership
Qualities of Military Personnel

William M. Barkley
Peabody College of Vanderbilt University

Richard L. Percy
Peabody College of Vanderbilt University

Abstract

This study attempted to determine the effects of a university
graduate degree program in Human Development Counseling on the
management and leadership qualities of selected U.S. Air Force
personnel stationed in Burope. More specifically, the effects of
such training on two dimensions of Leadership--Consideration of
Others and Concern for Structure were investigated. The results
confirmed the hypotheses that such training significantly enhances
the participants' consideration for others without lowering their
concern for structure. Such results argue for the use of human
relations training models as appropriate for the development of
leadership traits among military personnel.

Middle and upper level Air Force managers are continually
being evaluated on their ability to not only accomplish the
general and specific goals of a military organization but also
on their ability to establish relationships with their sub-
ordinates which are characterized by mutual trust, respect for
ideas and consideration of feelings (Cherry, 1975). This
emphasis on concern for the individual as an integral part of
goal attainment is highlighted by the recently published study
on families in the Air Force (Orthner, 1980), It is becoming
increasingly clear that attention must be given to "people" in
order to deal effectively with retention of experienced personnel,
moral, disruptive behavior and mission related performance.

In August, 1975, George Peabody College for Teachers was
invited by the U.S. Air Force in Europ. to establish overseas
graduate degree programs in Human Development Counseling (OHDC)
for military personnel and their dependents in the United Kingdom
and in West Berlin. Approximately 50% of the military members
enrolled in the OHDC program had no immediate intention of
becoming professional counselors. Instead, they intended to use
the knowledge and skills galned through the program to enhance
their supervisory skills in the military as well as to enhance
their promotability.

Numerous authors (Hall, 1970; Blake & Mounton, 1864; Gordon,
1977) have demonstrated the relevance of human relations training
for individuals with management and supervisory responsibilities.
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Cherry (1975) discovered that the cluster of traits having to
do with warmth, capacity for close interpersonal relationships, com~
passion and considerateness correlated significantly with the
qualities of productivity, creativity, cooperativeness, and job
satisfaction. More recently, Leonard (1981) discusses the growing
trend among corporations to provide social and psychological
services to their employees as a means of improving profits through
better care of human resources. Because the competencies for the
Peabody overseas program were consistent with those trends in
management, it seems logical to believe that those military members
who have participated in OHDC have actually been developing
attitudes, values and interpersonal skills necessary to improve
their effectiveness as managers and supervisors with the military.
The critical nature of a supervisor's job in the military makes
the development of consideration for individuals at the expense
of getting the job done unacceptable. Thus, the relative effect
of the OHDC program on the military population needs to take into
account the extent to which it affected the tendency to structure
supervisory roles toward goal attainment.

The use of good human relations skills on the job with no loss
in concern for accomplishing the mission is predicated on appropri-
ate attitudes and values. As Mahon and Altman (1977) have pointed
out, "... to what extent is it really possible to develop skills
not entirely consistent with such attitudes and values" (p. 43).
Thus, the Leadership Opinion Questionnaire (LOQ) developed and
revised by Fleishman (1951 & 1969) was selected as the criterion
measure for seeking answers to the question: Do military members,
as a result of educational training through a university based
program in Human Development Counseling, significantly increase
their consideration of people without adversly affecting their
concern for goal attainment?

Instrumentation

The Leadership Opinion Questionnaire (LOQ) was designed by
Fleishman (1960) to provide measures of two important dimensions
of supervisory leadership - Consideration of Others (L) and
Concern for Structure (S). The LOQ has been used with a variety
of organizations, including the Air Force, as a means of discrimin-
ating between high and low achieving managers (Halpin, 1954;
Oaklander & Fleishman, 1964)., The split-half reliability co-
efficients for various samples ranged from .62 to .89 for C and
from .69 to .88 for S. Test-retest reliability data were
collected from first line executive and Air Force NCO's. Co-
efficients ranged from .77 to .80 for C and from .67 to .74 for S
(Fleishman, 1969).

Empirical validity studies carried out in various organizations
with different type managers and supervisors provided significant
correlations between the LOQ scales and a variety of different
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criteria. While the pattern was not universal, no cases were
found where low C goes with good job performance., Thus, low

C scores are more often indicative of an undesirable supervisory
situation. While the results for S depend more on the nature

of the setting, the above average C & S pattern appears to be
most clearly associated with effective managerial style
(Fleishman, 1969).

Procedures

In February, 1980, the LOQ was administered to all 74 OHDC
students attending class at two arbitrarily selected U.S. Air
Force bases in the United Kingdom. In April, 1980, the LOQ was
administered to all 12 military members attending an OHDC class
at a third base. In addition, each of the 12 students was asked
to identify an individual who was not enrolled in the OHDC program
who was of equal rank, held a similar job and who was of the same
sex as the student. The LOQ was then administered to these non-OHDC
military members by the persons identifying them.

In the February administration there were four subjects who
turned in incomplete instruments and in April one subject did not
turn in a complete instrument. These subjects were eliminated from
the study.

During both administrations, subjects were asked to provide
demographic data and to indicate the number of credit hours com-
pleted in the 30 semester hour OHDC program as of the beginning
of the current quarter. The 13 OHDC subjects in the February
administration who indicated that they had completed more than
nine but less than 21 credit hours.were eliminated from the study.
A 2 x 2 least squares analysis of variance was computed for sub-
jects who had completed 0-9 versus 21+ credit hours by military
versus civilian status. In addition, a priori comparisons were
made between military members having completed 0-92 hours and those
having completed 21 or more hours in the program. A t-test for
correlated samples was computed on the 11 pairs of subjects from
the April administration.

2y v
24, 1,

One hundred percent of the military membe.. participating
in the study were officers or senior non-commissic.r ' ~lJ.cers.
All 19 of the civilians were female in comparison i. only eight

out of the 60 OHDC military members.
Results
This study was designed to test two general hypotheses:
1. Participation in the OHDC program would be associated
with higher scores on the Consideration of the Individual

{C) scale of the 1LOQ.
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2., Participation in the OHDC program would not be
associated with lower scores on the Concern for
Structure (S) scale of the 10OQ.

Table 1 presents the means and standard deviations for scores
on the two dependent varisbles broken out by miiitary versus
civilian status and number of semester hours c:f,fﬁted for the
February administration. Tables 2 and 3 presc.atr ‘. 2 least squares
anglysis of variance summary tables for C an. ~ -2 <, respectively.

Takles 2 and 3 indicate that the only si......cunt result is a
main effect due to number of hours in the progr: i with respect to
Consideration of the Individual (F = 8.47 > F o (1.53) = 4,03).
From inspection of Table 1 it can be seen thai™ cell means are
in the predicted direction. These results are ' .'’.an as support
for both hypotheses.

Insert Tables 1, 2 and 3 about here

Since the primary focus of this study is on students who are
members of.the military, a priori comparisons were made on woth
dependent veriables between military students witi 0-9 hours versus
those with 21+ hours in the program. The results again supnort
both hypotheses, The comparison with respect toC yielded F = 68.31
(>F . 1,58) - 4.03), whilie F = 0.06 (<F (1 53) = 4.03) was
obtéfﬁnd with respect to S.

Further support for the hypotheses was generated from 12
militavy OHDC students maiched with r.on--OHDC students. Table 4
presents the means and standard devis.Zons for both dependent
variables. The t-test for correlated samples vielded t = 1.96
(>t (10) = 1.81) for C and t=0.74 (>t 05 (10) = -1.81) for S.

Insert Table 4 about here

In all three tests the null hypotheses regarding Consideration
of Others were rejected at the .05 level of significance. Conversely,
the data consistently failed to reject the null hypotheses with
respect to Concern for Structure. In addition, a post hoc decision
was made to compute Pearson Product Moment Correlation Coefficients
between C and S scores.

Table 5§ shows that while significant negative correlations
were found for civilians with over 21 hosrs, members of the military
not enrolled in the OHDC program and for the total sample, significant
correlations were not obtained for &ny group cf military members
who were enrclled in the OHDC program,

Insert Table 5 about here
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Discussion

The results of this study offer support for the hypotheses
that participation in the OHDC program is associated with the
development of Consideration of the Individual. Moderate
support is evident for the hypothesis that participation in the
OHDC program is noi associated with lower Concern for Structure.
Caution with respect to the latter conclusion must be exercisc-.
due to tie low statistical power of the various statistical tests
employed. DPower hovered around .10 with respect to small effect
sizes (Cohen, 1977). On the other hand, the comnsistent confir-
mations of a priori predictions can be taken as meaningful support
for both hypotheses.

The most sericus factor jeopardizing internal validity is
subject selection. It is certainly a plausible hypothesis tk t
there :ould exist a selection by treatment interaction resulving
in positive results only for military members who would choo. 2 to
enter a program such as OHDC. In addition, the civilian/military
status variable was confounded with sex of subject.

Conclusions

It seems clear that military members who chose to enter a
Human Development Counseling program were more concerned with
the individual than their cocurterparts who did not and that students
with 21+ hours in the program were more concerned with individuals
than those just starting the program. Furthermore, there is no
evidence that consideration of the individual is related to less
concern for accomplishing the mission ~f the Air Force for military
members enrolled in the OHDC program. The authors would like t~
draw the conclusion that participation in OHDC type programs
results in positive outcomes for Air Force personnel in general.
However, such a conclusion goes beyond the data. It remains to
be seen whether an OHDC type program would heve any benefit for Air
Force personnel in general.
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Table 1

Descriptive Data for Concern for Individaul and for
Structure by Status and Number of Hours in HDC

Consideration
of the Individual

Concern

for Structure

Status No. Hrs. ) 21+ Total 0-9 21+ Total
n 25 13 38 25 13 38
Military x 53.68 59.23 55.58 46.24 44.38 45,61
5 5,76 6.07 5.63 8.71
n 10 9 19 10 9 19
Civilian x 57.60 60.44 58.95 46.10 43,56 44,89
s 6.08 4,72 7.65 7.13
n 85 22 57 35 22 57
Total x 54.80 59.73 56.70 46.20 44,05 45.37
Table 2

Summary Table for Consideration of the Individual

Source SS df M.S. ¥
A(Status) 95.22 1 95.22 2.89
B(Hours) 279.47 1 279.47 8.47+
AB 22,37 1 22.37 +68
Error 1748.37 53 32.99

*F.95 (1,53) = 4.03




Table 3

Summary Table for Concern for Structure

Source SS daf M.S. F
A(Status) 2,38 1 2.38 0.04
B (Hours) 58.70 1 58.70 1.10
AB 1.41 1 1.41 .03
Error 2824.76 53 53.30

F.95 (,53) = 4.03

Table 4
Description Data for Consideration of the Individual and

Concern for Structure for Matched Pairs by HDC students
and Non-HDC Students

Consideration of the Individual Concern for Structure

OHDC __ Non-OHDC OHDC Non-OHDC
11 11 11 11
56.09 53.55 43.91 46.00
4.06 4.08 6.80 11.19
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‘Table &

Correlations between Concern for the Individual
and Concern for Structure for all Groups used in

This Study
Group n r t
0-9 10 -.42 -1.31
February Civilians
Administration 21+ 8 -.70 -2.59
0-9 25 -.04 - .19
Military '
21+ 13 -e31 -1.14
Military
April Peabody 11 -.25 - 77
Administration OHDC
Military
Non-Peabody 11 -.53 ~1.87%%
Non-OHDC
Total - - repro,
Sample 79 .32 2.96

**p oo (9) < - 1.83

¥xkg oo (77) < - 1.67
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USE OF WEAPONEER MARKSMANSHIP TRAINER IN PREDICTING
ML6A1 QUALIFICATION PERFORMANCE

Joel D. Schendel and Frederick H. Heller

U.S. Army Research Institute Field Unit
Fort Benning, Georgia

Most scenarios for a full-scale confrontation between the U.S. and
any of its major potential adversaries suggest that the majority of Army
units will have to be prepared to fight immediately with little or no
opportunity for post-mobilization training. Comparisons of the military
strengths of the U.S. and the Warsaw pact countries also indicate that the
U.S. forces are likely to be heavily outnumbered, often by a ratio of five
to one or more. To have any chance for success, the Army will have to
maintain a consistently high level of combat readiness. Maintaining this
high level of combat readiness will necessitate frequent evaluations of
individual and unit proficiency and the development of effective means to
diagnose and remediate performance deficiencies.

The need for more frequent performance evaluations is not easily met.
The Army's emphases on performance-oriented training and criterion-referenced
testing already have increased the demand for training and evaluation uses
of operational equipment and accompanying support resources requirements
(e.g., fuel, ammunition, spare parts) during a time of inflation and
budgetary constraints. More frequent performance-oriented individual and
collective readiness evaluations would thus tend to strain an already tight
situation.

A proposed solution to the problem of conducting more frequent evalua-
tions in the face of tight resource constraints is to conduct these
evaluations using training devices (e.g., simulators, mockups, etc.) instead
of actual equipment (e.g., Finley, Gainer, & Muckler, 1974; Hopkins, 1975).
Precedent already exists for employing simulators in this way. The
commercial airlines and Federal Aviation Administration use flight simlators
extensively in proficiency assessment. Also, the militury is making greater
use of training devices to evaluate individual and collective skills in
other areas such as maintenance, antisubmarine warfare, and air defense
artillery (Hawley & Dawdy, 1981a).

Improving the proficiency assessment capabilities of the Army is the
idea behind the training Device Operational Readiness Assessment Capability
(DORAC) concept (e.g., Finley, Strasel, Schendel, & Hawley, 1981). The
concept suggests that training devices could and should be designed with
the embedded capability for assessing operational readiness, and it would
provide a cozt-benc{its method for training device proponents and developers
to determine if and how to implement a DORAC in the design and utilization
of any specific device (Hawley & Dawdy, 198la, 1981b).

The research reported here was carried out to facilitate the implement-
ation of a DORAC on Weaponeer (WP). a rifle marksmanship trainer conf igured
as an arcade type of device. More specifically, testing was conducted to

determine if performance on WP can be used to predict soldier's ML6AL
live-fire qualification, or record fire (RF), performance. RF is an annual

requirement, and its conduct imposes time and cost burdens on commanders
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who must billet and transport troops to vemote RF facilities. This
is a particular problem within U.S. Army, Europz (USAREUR) because
of the scarcity of certified outdoor range facilities capable of
satisfying RF requirements.

Method

Subjects. Sixty-nine Basic Rifle Marksmanship trainees at Fort
Benning were divided into three equal groups. Assignment to groups was
random with the constraint that high- and low-skill shooters be divided
evenly across groups. Judgments about shooters' skills were based on
progress charts maintained by company cadre.

Apparatus. WP is an M16Al remedial marksmanship trainer designed
to treat individual performance deficiencies (e.g., Schendel & Williams,
in preparation). A non-restorable M16Al rifle ic equipped with a target
sensor, and each target contains a light emitting diode (LED) which is
sensed by the target semnsor on the rifle. A predicted round impact point
is determined by the LED-target sensor alignment. WP has a memory for
recording up to 32 predicted shot impacts and a printer for providing
a printout of all shots on selecied targets. Recoil is simulated by the
operation of a recoil rod which attaches to the barrel of the rifle. The
sound of the rifle is transmitted through earphones.

WP has three targets: a scaled 25-m zeroing target, a scaled
100-m, "E-:ype" (kneeling) silhouette target, and a 250-m, "E-type"
silhouette target. Targets are presented one at a time, but may be
activated singly or in automated sequence by depressing the appropriate
button(s) on WP's control panel. or remote control box. The silhouette
targets may be programmed to fall when hit by pressing the "kill" button.
Exposure time may be varied from 2 to 30 sec for the 100-m target, 4 to
30 sec for the 250 -m target, or set for continuous presentation. Firing
pads used with WP provide the capability for the firer to fire from the
foxhole supported (i.e., with sandbags) or prone positions.

A video display shows the shooter's aiming point which appears as
a dot, or ball of light. The screen also displays the selected target
and the location of hits (and misses). Two unique features of the video
display are the '"replay" and "each shot'" controls. When activated, the
replay feature shows the movement of the rifle 3 sec ,rior to firing,
while the each shot feature displays the location of each shot fired in
the order it was fired. The video display also includes: a numerical
designator for the target on display, the number of hits on the target,
the number of misses, late shots (fired after the target has dropped),
the shot number, and the total number of shots fired (Spartanics, Ltd.,
1976).

Procedure. Each soldier was allowed to fire, with feedback, one
three-round shot group at the WP's 100-m target and one three-round
shot group at the WP's 250-m target. Each soldier was then tested twice
on a scenario, receiving 64 shots in all. Soldiers receiving the '"8-24"
scenario fired eight shots at the 100-m and 24 shots at the 250-m targets.
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Soldiers receiving the '24-8" scenario fired the reverse pattern.
Soldiers receiving the "Random" scer .rio fired 32 shots at a 50-50
random séquence of the two targets. e 100-m target always was
presented for 2 sec, and the 250-m t. .get always was presented for

4 sec. The intertarget interval was typically between 1 to 4 sec

but occasionally was as long as 8 sec. Both targets fell when hit.
Soldiers receiving the 8-24 scenario and the 24-8 scenario were

tested using a single, randomized schedule of target presentations
which was controlled remotely by the experimenter. TFor soldiers
receiving the Random scenario, target presentations were under

the internal control of the WP. All firing was done from the

foxhole supported position. Soldiers rested briefly between the first
and second set of 32 shots on a scenario and were provided feedback on
the results of their performance only on complecing testing.

RF occurred 24~ to 48-hours after WP testing. Soldiers were
assigned randomly to one of two firing lanes. The course-of-fire
consisted of 14 "F-type'" (prone) silhouettes seen at 50 (n = 5) and
100 (n = 9) m and 26 "E-type" silhouettes seen at 150 (n = 10), 200
(n=28), ¢50 (n =5), and 300 (n = 3) m. The first half of this course
was shot from the foxhole supported position; the second half from
the prone position. Targets fell when hit.

Results and Discussion

Three variables clearly influenced WP's ability to serve as a
predictor of RF performance. These were scenario, soldiers' firing
position at RF (foxhole supported position versus prone position), and
first versus second set of 32 shots on WP.

Scenario. Overall performance on the Random, 8-24, and 24-8

scenarios correlated .66, .56, and .41 respectively with performance

at RF. (In these and all other analyses that follow r >.36, p <.05;

r >.49, p <.01). While performance on the Random scenario would appear
the best predictor of RF performance, it probably is not. One scidier's
data contr_buted disproportionately to the strength of this correlation.
When this soldier's data were removed and the correlation recomputed,

r dropped to .4l1.

In general, the 8-24 scenario produced the stror-est correlations
(first set of 32 shots, second set of 32, overall) with RF performance.
The weaker correlations observed using the Random, and 24-8 scenarios
probably resulted because these scenarios were too simple. Soldiers
tested on the latter scenarios tended to show uniformly high scores on
WP, but the usual wide variation in RF scores. For illustration, 52%
of the soldiers tested using the 8-24 scenaric hit over half the targets
presented on WP. This compares to 78% of those tested using the Random
scenario and 87% of those tested using the 24-8 scenario.

Firing position. Correlations of WP scores with the first half of
RF were higher for all scenarios than correlations of WP with the second
half of RF. This seems related to the change in position from foxhole
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(first half RF) to prone (second half RF). The relationships for the
8-24 scenario soldiers were as shown in Table 1.

Table 1
Effect of Firing Position on 8-24 Scenario - RF Performance Correlations

Ist 32 2nd 32

Shots Shots Overall
RF Foxhole .62 .74 .74
RF Prone .15 .32 .26

Subsequent analyses of other data (i.e., Smith, Thompson, Evans,
Osborne, Maxey, & Morey, 1980) suggest that the effect of firing
position is not peculiar to our use of WP. These analyses revealed
that practice RF is a significantly better predictor c¢f RF performance
when firing position is taken into account. Practice RF, like RF,
includes 20 shots from a foxhole supported position and 20 shots from
the prone position.

Set of 32 shots. Correlations for all scenariocs were higher between
performance during the second set of 32 shots on a sc2nario and RF
performance than between the first set of 32 shots and RF, Again in
the 8-24 scenario, performance on the second set of 32 shots correlated
.60 with RF, while the first set of 32 shots and RF correlated only .44.

Conclusions and future directions. WP performance is a good
predictor of RF performance and the prediction is enhanced when firing
position and later shots are considered on the device. To confirm and
extend these findings, further research will manipulate che strength
of the relationship between WP performance and RF performance. In
particular, soldiers tested on WP will (1) fire from both the foxhole
and prone positions, and (2) receive varying amounts of training on
the device prior to firing the 8-24 scenario.

A general conclusion is that implementation of a DORAC will require
careful attention to testing and scoring methods. This may complicate
the implementation process somewhat, but it should not be a particular
problem when training device fidelity is high.
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Development of Basic Skills Instruction for the Army:
Analysis and Verification of Basic Skill Requirements

For One Military Occupational Specialty
by

Eva Vaughan
Zita Glasgow

Applied Science Associates, Inc.

ABSTRACT

This paper describes the development of a Functional Basic Skills Education
Program (FBSEP) for one Army MOS. The phases of the project include
indentification and verification of necessary basic skills and strategies,
construction of a diagnostic test to measure them, and design of FBSEP
instruction to teach them. A Gagne-~type hierarchical analysis procedure was
used to identify and analyze competencies necessary for success in the course.
Competer ‘es fell in traditional BSEP categories, e.g., reading, as well as some
not-so-traditional ones, e.g., listening, equipment-related reasoning.
Verification of prerequisites, a multi-stage process, has established the
reliability of the analysis procedures and the relationship of identified
prerequisites to AIT course success. The methods developed and used in this
study seem applicable to the analysis of FBSEP needs and design of FBSEP
iastruction in other military occupations as well.
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Development of Basic Skills Instruction for the Army:
Analysis and Verification of Basic Skill Requirements
For One Military Occupational Specialty

INTRODUCTION

The Army has long been concerned with the low level of basic skills of some
recruits. Soldiers who are unable to read their technical and field manuals,
and who lack basic quantitative and writing skills cannot fulfill the require-
ments of their jobs in the field. As a result, the Army has become one of the
major teachers of remedial basic skills. Basic Skills Education Programs (BSEP)
are now offered, at several levels of proficiency (BSEP I, II, etc.), at Army
posts throughout the country and abroad.

However, with the exception of a few experimental programs, BSEP training
differs little from reading, writing, and arithmetic instruction in elementary
school. The skills taught are general skills; the methods include materials
developed for teaching the skills to children; and the goals are generally
expressed in terms of reaching a certain grade level, rather than acquiring
particular skills.

There are several problems with this approach to basic skills training.
First, the specific basic skills needed for carrying out military jobs often
differ from those taught in BSEP. For example, while traditional reading
instruction stresses reading-to-learn (reading to store information), Army
reading usually involves reading-to-do (reading to perform an immediate task).
Second, the materials and methods do not appeal to adults, especially adults who
have been "turned off" by traditional instruction for some time. Third, the
time allotted (usually a maximum of six weeks), is too short to raise general
literacy skills to a level sufficient to deal with military materials.

Though general literacy skills are unlikely to improve significantly over a
short period of instruction, significant changes can be produced by instruction
more closely tailored to the soldier's job, that is, by functional basic skills
training (FBSEP). For example, Thomas Sticht and his associates developed a
functional reading skills program for several MOSs which, in six weeks, resulted
in an average gain of 2.1 grade levels in job-related reading skills (Sticht,
1975).

For the past year, Applied Science Assoclates has been engaged in develop-
ing a FBSEP program for one particular MOS in the Signal Corps, the 31M "Multi-
channel Communications FEquipment Operator' MOS. Like many others, the 31M AIT
course has been plagued by a high failure rate, at least partially due to low
basic skill levels of many trainees. It is hoped that a basic skills program
tailored to the 3IM AIT course will produce studenls better able to cope with
the specific reading, writing, arithmetic, etc. requirements of the course. The
program is experimental in two ways. First, it attempts to identify not just
traditional basic skills, but also strategies useful for learning from the modes
of AIT instruction. Second, one of its goals is to develop a model for
designing similar FBSEP programs for any MOS.

Before one can design instruction to teach the basic skills required by a

particular course, one must determine what those basic skills are. Identifi-
cation and verification of basic skills needed in the 31M course was the first
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phase of the project. The second phase involves the development of a diagnostic
test in order to identify students who need basic skills training prior to
beginning the 31M course. And the third phase involves developing and
validating units, modules, and lessons to teach the necessary skills. The first
phase - identification and verification of basic skills prerequisites - is the
subject of this paper.

IDENTIFICATION OF PREREQUISITES

Analysis of the Existing Course

Identification of prerequisites involved two stages: (1) analysis of the
existing AIT course, and (2) analysis of prerequisites. The purpose of the
course analysis was to identify the lowest-level skills actually taught in the
course. The dividing line between these skills and still lower-level ones
(prerequisites for the course), we called Baseline }. Thus, the purpose of the
course analysis was to identify Baseline 1.

Terminal objectives for each lesson and procedures for teaching them were
obtained by examining lesson plans and by observing instruction being delivered.
Gagne's hierarchical analysis method and classification system were then used to
analyze each lesson (Gagne, 1977). The terminal objective of the lesson,
behavior X, was classified in an appropriate category (association learning,
discrimi- nation learning, etc.). Next, enabling objectives (Y) were identified
by asking, '"What must a person be able to do in order to do X?" The procedure
was repeated, iteratively, for each enabling objective, until the lowest level
of behaviors actually taught in the course was reached.

Lesson analyses were submitted to course instructors for review and revised
as necessary. We were now ready to move below Raseline 1.

Analysis of Prerequisites

Three methods were used to extend the hierarchical analysis below
Baseline 1: (1) The lowest-level behaviors taught in the course were treated as
terminal objectives (X), and enabling objectives (Y) were identified by the same
methods as in thc course analysis. (2) The materials used in the course (TMs,
FMs, handouts, data forms, etc.) were analyzed to identify needed reading
skills. (3) The instructional delivery system (lectures, demonstrations, guided
practice) was analyzed to identify listening skills and learning strategies
required to profit from these modes of instruction.

As we proceeded in the analysis, the distinction between basic skills and
learning strategies often blurred. For example, should we call the ability to
comprehend a paragraph describing job standards a reading skill or a strategy
for extracting information from text? Therefore, we decided to use the more
general term competency to describe any prerequisite, whether skill or strategy
or both.

The competencies we identified fell into several subject-matter categories.
Some of these are traditional subjects of basic-skill instruction: functional
reading, functional arithmetic, and writing (filling out forms). Some are not
traditionally taught in BSEP programs, or, at least, not stressed: equipment-
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related i1easonirg, e.g., the kind needed in troubleshooting, tecinical infor-
mation about radios and electronics; listening and note-taking du.ing lectures
and demonstrations. The latter seemed to us to be particularly important in
courses like the 31M, which much of the instruction is cral and atl of it 1is
instructor-paced. Yet, such competencies have received little attention in Army
BSEP, or, for that matter, in basic skill training at any place ¢~ any level.

VERIFICATION OF PREREQUISITES

Before instruction to teach competencies can be designed, it is necessary
to verify that the right competencies have been identified. This involves
answering a number of questions. (1) How reliable was our analysis process?
That is, do two or more analysts, starting from the same point and working
independently, identify the same competencies, in the same hierarchical
relationships? (2) Can we develop objcrnlive, reliable, and valid measures of
the competencies? (3) Are the hierarchical relationships correct? That 1s, are
the lower-level skills in each hierarchy t:iuly prerequisite to the higher-level
ones? (4) Are the competencies related te performance in the 3IM course?

(5) Does teaching the competencies to studeats lacking them increase their
probability of success in the course?

As the questions imply, verification is a multi-stage process. The first
two have been completed; the third stage data collection is complete and is
being analyzed; the fourth and last is not possible until FBSEP has been
designed and implemented.

Stage I Verification

Stage I Verification, conducted early in the analysis, was designed to
verify the reliability of the identification/analysis process. Three analysts,
working independently, analyzed a single high~level course prerequisite into its
components. Both percentage agreement on competencies identified and correla-
tions among hierarchical order were high (average of 75% and .91, respectively).
We concluded that competencies can be reliably identified, using our method.

Stage II Verification

The purpose of Stage II Verification was to try out some preliminary
measures of competencies to obtain student perceptions of course needs, to find
out the level of functioning of 3IM students on some of the competencies, and to
examine relationshifs between competencies and course performance. A sample of
27 good and 35 poor® students were interviewed, and were asked to complete a
series of exercises designed to measure selected competencies. Some of the
results are described below.

Given a brief lecture and told to take notes, good students tended to take
notes which included more information and were better organized than those of
poor students. Moreover, both good and poor students rated the ability to
listen and take good notes as extremely important for success in the course,
thus corroborating our hunch about the importance of these kinds of skills,

T Course ins
Course instructors selected good and poor students, based on formal and
informal performance measures.
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Technical information concerning radio and electronics varied from very low
to very high in both good and poor students, suggesting that such knowledge is
not important for success. This was confirmed by low ratings of importance from
both instructors and students. As ihe course is now taught, technical
informatic1 is not necessary to learn to operate electronically complex radio
equi pment .

In reading, both good and poor students possessed adequate decoding skills.
Comprehension, however, varied widely. Differences between good and poor
students were especially evident in interpreting procedural directions, which
are often presented, in TMs, in syntactically complex forms. Other reading
ekills which varied among students included word knowledge and locating
nformation in tables of contents, and in troubleshooting and maintenance tables.

Student interviews suggested a tendency for good students, more often than
poor, to mention the use of visual imagery as a strategy for encoding informa-
tion in lectures, demonstrations, and films. Given the nature of the skills
learned, the modes of instruction, and the types of students in the 3IM course,
imagery seems to be a particularly relevant - and potentially teachable ~
strategy.

The exercises we had developed seemed effective as measures of the
competencies, and served as prototypes for development of test items in the next
stage.

Thus, Stage II Verification provided information verifying the relevance of
certain competencies (e.g., note-taking, listening, reading comprehension), and
the irrelevance of others (e.g., technical information). In addition, it
contributed to analysis, which was continuing at the same time, by filling in
some holes in the hierarchies.

Stage II Verification and the subsequent completion of the analysis of
prerequisites resulted in an organized list of partially verified competencies
in the following areas:

1. Equipment-Related Reasoning Skills
2. Quantitative Skills
3. Reading Skills, consisting of:
- Reading Connected Discourse
- Reading Labels to Identify Equipment Components
- Reading to Locate Information
- Reading a Cabling Diagram
4, Writing Skills (other than note-taking)
5. Auding (listening) Skills
6. Note-Taking Skills

Stage III Verification

We are currently completing Stage III Verification. 1Its purposes include:
(1) tryout of multiple-choice questions designed to measure the competencies;
(2) validation of hierarchical relationships between pairs of competencies; (3)
determination of relationships between clusters of competencies and objective
measures of course performance of 31M students. For these purposes, at least
six items were written to measure each competency, and the resulting test was
administered to 163 students beginning the course and 93 others completing it.
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Cuntent validity was built into the test by using the organized list of
prerequisites as a table of test specifications, and by selecting ti.e content
from actual 3IM course materials whenever possible Item analysis statistics
(item difficultiec and correlations with total competency scores) and split-half
reliability coefficien:s have been computed for various competencies and
competency clusters. The results of item analysis include:

- The generally high correlations of item scores with total competency scores
suggest that our competency measures are indeed measuring unitary,
homogeneous competencies,

- Item difficulties vary greatly from one competency to another. Some
competencies, especially high-level reading comprehension ones) are extremely
difficult even fo. students completing the course. This suggests that such
competencies are not truly necessary for course success, probably because the
structure of the course makes it possible for students to learn via alternate
modes. For example, poor readers may succeed by using listening skills to
acquire the same information which good readers acquire from the TM.

Split-half reliability coefficients for competency clusters varied from .363 to
.945. As expected, the reliability was closely related to number of items in
the cluster. For clusters with 12 or more items, coefficients weve .60 or more
with one exception. Since the test used in Stage III Verification was a tryout
version of the diagnostic test to be constructed in the next phase of the
project, steps will be taken to ensure the reliability of measurement of all
competencies verified as important for the course.

For validating hierarchical relationships between pairs of competencies, we
are computing Walbesser's (1968) consistency ratio and adequacy ratio, and Capie
and Jones' (1971) necessity ratio for each pair. rhe results will help us to
sequence instruction to teach groups of hierarcricalliy related competencies.

lising data from students who have completed the course, we are correlating
cluster scores with 3IM weekly performance test scores and with end-of-course
test scores. The results will tell us whi.}h inds of competencies are and which
are not related to course success, and will help in setting priorities for
skills to be included in FBSEP.

SUMMARY AND CONCLUSIONS

Stage III Verification will result in a final list of competencies
recommended for training. In addition, the test analyses are feeding into
diagnostic test construction, while the hierarchical validation and
relationships with course performance are contributing to FBSEP design. Thus,
each phase of the project depends upon the previous one and leads to the next.
The final verification of our entire effort will come when we deliver FBSEP
training to students who need it and determine whether their course performance
improves as a result. We believe that the methods we are using constitute a
viable means of designing successful FBSEP training programs for adults in the
military, and possibly, in the civilian sector as well.
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EQUIVALENCY OF SIMULATOR EXERCISES TO REAL WORLD
EXPERIENCE IN MEETING IMCO STANDARDS

Kent E. Williams and Phyllis J. Kayten
National Maritime Research Center (CAORF)

Abstract

Recently the IMCO International Convention on Standards of Tri‘ning,
Certification and Watchkeeping for Seafarers agreed to require one full year of at-
sea time for certification and licensing of maritime academy graduates to be third
mate merchant ship deck officers. This project researched the questions of what
types of Navigational Watchstanding tasks can be trained on a simulator that might
qualify for equivalency to real world experience, and how many hours of simulator
training are necessary to promote the acquisition of skills such that a simulator-
trained subject's performance level would equal that acquired by a typical
merchant marine cadet at sea. All research and training was performed at the
Computer Aided Operations Research Facility (CAORF).

Fifteen first-class cadets at the U.S. Merchant Marine Academy who had had a
nominal year at sea provided the criterion performance levels for a 50 minute
simulated watchstanding exercise. Twelve fourth-class cadets who had no real sea
experience were given a combination of classroom and simulator training aimed at
teaching watchstanding skills equal to the level supposedly reached by the cadet
during the required sea duty. Six of the fourth-class cadets were given 24 hours
and six were given 48 hours of simulator training exercises. Expert masters viewed
video tape recordings of watchstanding performance of the first-class cadets and of
the fourth-class cadets before and after simulator training. Sirnulator training
resulted in significant improvement in watchstanding performance of both 24 and
48 hour simulator trained groups. Fourth-classmen performed significantly worse
than first-classmen before training and were in most performance categories not
significantly different from the sea experienced first-classmen after training.
Some skills appear to be more effectively trained on the simulator than others.

Introduction

The training of watch officer personnel has long been a major practice of all
maritime nations as evidenced by their respective professional academies. It is no
surprise then that the application of simulators as training devices would reach into
those environments to promote the development of highly skilled professional
watch officers. However, its application at the level of the maritime academies
has been somewhat slow due to the existence of school training ships and
apprentice ship assignments on operating merchant vessels. A major international
convention and recommendations there from, as well as significant increases in fuel
costs and significant advances in training technology have spurred on the utilization
of shiphandling simulators as a viable cost effective and in some cases, a superior
approach to the training of merchant academy cadets. The international events
which have focused the application of simulation for cadet training resulted from
the IMCO International Convention on Standards of Training, Certification and
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Watchkeeping for Seafarers. This convention held in London, 14 June through 7
July, 1978, presented the agreement of 72 nations concerning the establishment of
basic requirements for training for mates, officers and crews of seagoing merchant
ships. Of critical importance to officer training programs was Regulation 11/4
"Mandatory Minimum Requirements for Certification of Officers in Charge of a
Navigational Watch on Ships of 200 Gross Registered Tons or More". Section 2(c)
of this regulation introduces a requirement for cne "actual" year of seagoing
service for original certification and the year must include six months of bridge
watchkeeping duties under the supervision of a qualified officer. This requirement
poses a real problem for a number of existing officer training programs which do
not include this actual year of time at sea. Among these are the programs at the
maritime academies. Although the U.S. Merchant Marine Academy has a
"nominal" year of sea time in its course of study, the "actual" time at sea is
approximately ten months. The state academies on the other hand primarily
depend upon the training ship cruise system and may have a total sea time
considerably less than the required year.

Fortunately, the convention addresses itself to "Equivalents" in Article IX; Section
(1) of this Article suggests that alternate training methods might be accepted if
they can be shown to have effects equivalent to regulation requirements.

This provision therefore, opened the arena for the use of simulation to supply
partial credit for at-sea duty time and consequently, allowed for a cost-effective
alternative to at-sea time especially for those institutions encumbered by the high
costs of operating school ships. The questions, however, still remain as to what
types of tasks can be trained on a simulator that would qualify for equivalency to
real-world experience and how many hours of simulator training are necessary to
promote the acquisition of skills on the simulator such that performance would
equal that acquired at-sea.

Another fortunate event was taking place in parallel to the activities of IMCO.
This event was a joint program undertaken both by MarAd and the USCG in
anticipation of the role which simulators would play in the training and
certification of watch officers. These agencies had the foresight to plan a difficult
program to determine the types of tasks and shiphandling objectives which could
best be acquired on simulators for all levels of watch officers as well as to
determine the simulator hardware and software requirements necessary to provide
effective training of individuals with various input characteristics (i.e., masters,
chief mates, second mates third mates and cadets). As a result of the ongoing
program, numerous investigations have been published (Hammel and Williams, et.
al, 1978; Friedberg, 1979; Fiore, 1979; Gynther et. al, 1979; Williams, 1980 and
Gardenier, 1979; see also the Fourth Annual CAORF Symposium 1980).

As a logical consequence in the flow of events and programs addressing the role of
simulation in the training and licensing process, the to be presented project was
proposed. Again, the major question to be addressed by this investigation was the
equivalency of simulator training to real-world experience in the acquisition of
specific watchstanding tasks. The watchstanding tasks in question are those which
must be experienced by the cadet and logged in their cadet training file as a
function of their at-sea apprentice assignment on operating merchant ships. The
cadets in question here are restricted to only those individuals actively
participating in the Fecderal academy program at the U.S. Merchant 'larine
Academy, Kings Point, New York.
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Method

Objectives. The purpose of this research was to examine the equivalence of varied
amounts of simulator experience to simulator-applicable aspects of the "one-year"
sea time experience required of marine academy graduates. First classmen of the
Merchant Marine Academy at Kings Point, New York with nine to twelve month's
at-sea experience were compared with fourth-classmen, who had completed one
year of classroom study but had no at-sea assignment. The fourth-classmen and
first-classmen were compared on basic performance measures reflecting knowledge
of three training objectives: fundamental shiphandling, (i.e. ship characteristics),
rules of the road, and watchstanding procedures.

Subjects

Three groups of subjects were used: (1) fifteen first-classmen who had completed
nine to twelve months at-sea duty and who had successiully completed third mate
licensing, (2) six fourth-classmen with no at-sea duty who completed a course
including twenty-four hours of simulator time (four hours hands-on experience per
individual) with six hours of classroom lecture, and (3) six fourth-classmen with no
at-sea duty who completed a course including forty-eight hours simulator time
(eight hours hands-on experience per individual) with twelve hours of classroom
lectures. Since the question of interest was equivalence of simulator training to
at-sea experience, selected measures of performance on a simulator diagnostic
scenario by the experienced first-classmen were used as baseline performance data.
The same diagnostic was administered to the two groups of fourth-classmen before
simulator training and after their twenty-four to forty-eight hour simulator
training.

Experimental Variables

The one variable of interest, then, was the amount of simulator training system
experience needed to approach or approximate baseline performance of
experienced first-class baseline data. Performance differences on the diagnostic
between first-classmen and fourth-class groups after the fourth-classmen received
simulator training provided a measure of simulator at-sea equivalence, and the
difference between twenty-four hour and forty-eight hour training groups provided
a measure of gain with increased amounts of simulator experience.

Description of Training Program

The training program for this study was designed to provide fourth-class cadets
with accelerated experience in specific aspects of fundamental shiphandling (i.e.,
ship characteristics), Rules of the Road, and bridge procedures in an zttempt to
determine equivalence to at-sea experience required before licensing. Following in
pre-test for all cadets, the two groups of six fourth-classmen participated in hands-
on simulator exercises and classroorn lecture/discussicn of events and topics
relative to the three training objectives mentioned above. The design of the
experiment along with the flow of events is presented in Table 1.
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Pre-Test/Post-Test Diagnostic Specifics

The pre/post-test diagnostic scenario was designed to elicit watchstanding tasks
assoclated with skill and knowledge requirements assumed to have been learned at-
sea during the midshipman apprentice ship assignment on operating merchant
vessels. A considerable number of tasks and procedures must be integrated by the
watchstander in order to satisfactorily make the vessel passage. The scenario
evolved within the CAORF New York Data Base. (See Figure 1)

The cadets entered the bridge of the simulated ship, which was in motion and on its
way to arrival at Ambrose via the Barnegat Traffic Lane. Each cadet had been
given "standing" and "“arrival" orders instructing him/her to:

1. Acrive abeam buoy "BA" at 0840 and adjust speed accordingly.

2. Switch to hand steering 7.0 miles south of "BA" buoy.

3. Notify pilots at buoy "BA" of 0930 arrival and adjust speed to make ETA
at pilot station.

Engine room should also be notified of arrival times.

. Call master five minutes before abeam of buoy "BA".

. Test steering gear and engines astern prior to "BA" buoy.

. Notify master if in doubt at any time.

N WnE

During the test scenario, the cadet was expected to take over the watch from a
confederate experimenter-watchstander, who offered the same information to all
cadet' unless the cadet requested additional information. The watch lasted from a
simulated 0750 to 0840, at which time the confederate "master" arrived on the
bridge to be briefed. Cadets were evaluated on their performance of required
tasks. Their expected performance includes the following chronology:

0750 Watch Transfer — relieving mate should verify the following information:

Course/compasses (visual)

Vessel's position (through fixes)

Speed (distance run/time from chart)

Active targets (visually/radar, radar plotting)

Night/special orders (read and sign)

Familiarization with watch period specifics (future course or speed
changes, currents, obstructions, navigation aids, logbook entries, etc.)

e 09 B80S

0800-0340 — Steady State Watch

o Monitor vessel's position along plotted track

° Monitor traffic and assess (course changes, speed changes,
communication)

° Observance of standing orders (speed adjustments for arrival times,
communication with pilots, engine room, master, etc.)

° Manage watch (port preparation; pilot ladders, etc., interactions with
helmsman, lookout)

0840-0900 — Arrival State Watch

° Brief master on watch status (active traffic, communication, vessel
course and speed, etc.)
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During the steady state watch, the cadet is presented with traffic, both meeting
and passing, and must abide by Rules of the Road and prudent procedures to avoid
close encounters. Also during the steady state watch the steering engine is made
to fail, and the cadet must take proper measures in order to facilitate restoring of
steering.

Measurement of Performance

On completion of all tesis and training, six expert mariners from the New York
chapter of the American Master Mariners Association served as judges of
performance. Masters were chosen because of their significant personal interest in
judging and determining performance levels of prospective officers of these
masters' ships. Their objective was to view the video tape recordings of the
performance on the simulated watchstanding scenario of the six first-class
midshipmen who had completed the nominal year at sea, and the twelve fourth-
class midshipmen before and after simulator training. There were 30 video tapes in
all, consisting of recordings of pre-tests and post-tests for the 12 fourth-classmen
(24 tests) and pre-tests only for the six first-classmen. Each tape lasted the length
of the diagnostic scenario, approximately 50 minutes, totaling almost 30 hours of
viewing time.

Presentation of the tapes was "blind". The raters were not informed of the class
status ~f the cadet being viewed, nor were they told whether they were viewing
pre- or post-training performance. The raters were aware that the tapes would
contain repeat performances by some of the midshipmen. However, the picture
resolution was not high enough to allow recognition of personal characteristics and
the cameras were more frequently ditected at instruments and displays than on the
cadets. None of the raters admitted to recognizing any cadet from previously
viewed tapes.

Scoring of Forms

The form was scored in the following manner:

The evaluation form was broken down into four parts, corresponding to four major
portions of the watchstanding scenario. The four sections are clearly delineated in
the evaluation form: (1) Watch Transfer, (2) Steering Failure, (3) Steady State
Watch (hereafter referred to as Watchstanding) and (4) Briefing Master.

Scores for each section were computed separately. Scores for the Watch Transfer,
Steering Failure and Briefing Master were all computed in the following manner:
The total number of boxes (activities) checked either "yes" or "no" comprised the
total valid answers scored. The total score for these three performance categories
was equal to the per_entage of boxes checked "yes" out of all valid answers scored.
Thus, if a box was unscored, it was treated as non-applicable rather than as a
necessary action which was not taken. Cadets, then, were not penalized if their
behavior was appropriate, even if they did not perform a particular task listed in
the rating form.
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The Watchstanding (Steady State Watch) category was scored by computing the
average rating of all five point scales actually scored by the rater. If a question
was not answered, i,e. no humber was circled, this question was not included in the
average.

Results

Performance Differences at Time of Pre-Test

Table 2 depicts the pre-test comparisons of experimental groups. Differences
between the first-class, fourth-class 24 hour and fourth-class #8 hour training
groups were analyzed separately for the four performance categories: (1) Watch
Transfer, (2) Steering Failure, (3) Briefing Master, and (4) Watchstanding.

Because of the extremely small amount of valid data within some groups,
statistical significance was very difficult to achieve. The lack of valid data was a
product of two factors. The first factor was the unavoidable small number oi
subjects in each group. The second factor is somewhat more significant: the
masters left many questions blank because they felt they were not applicable or not
clear enough. This reaction led to the redesigning of the evaluation format, for
future research projects. Some differences, however, were significant, and are
reported here.

With respect to pre-test group differences, the three experimental groups were not
statistically different for the performance categories of Steering Failure and
Briefing the Master. In the Briefing Master category, it appears that the first-
classmen were much better than fourth-classmen in performance, but the numbers
of subjects in the fourth-class group cells were too small to allow for statistical
significance.

In the Watchstanding category, first-class cadets were significantly better than the
two fourth-class groups, which did not differ from each other. This difference is
what would be expected at pre-test. For the Watch Transfer category, the fourth-
class 24 hour training group scored significantly lower than the first-class and the
fourth-class 48 hour group. No explanation can be given for the surprisingly high
average score of the 24 hour fourth-class group. Although their average score was
relatively lower than the first class group, statistically this difference was not
significant.

Performance Differences at Time of Post-Test

Table 3 depicts the performance differences between the first-class group and the
two fourth-class groups after training. No significant differences were found
between any group on any performance measure. On two measures, Steering
Frilure and Watchstanding, the two fourth-class groups had higher average scores
than the first-class group although these differences were not significant. It should
be noted, however, that the fourth-class groups were significantly worse than the
first-class group in the Watchstanding category before training (see Table 2). After
training this difference disappeared.
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Effectiveness of Simulator Training - Main Effect and Time by Training Interaction

Tables 4 and 5 depict the main effect of simulator training from pre- to post-test
and the differences in training effect due to amount of training, respectively, A
statistically significant increase in performance level from pre- to post-test (Table
4) was found across fourth-class groups for the Steering Failure and Watchstanding
performance measures. The increased performance level from pre- to post-test for
the Watch Transfer performance category was not statistically significant. The
Briefing Master category showed no significant change, although this finding is duc
to the lack of valid data. From the data available, the pre- to post-test differences
appear to be high based on visual inspection, and would be expected to be
statistically significant with more valid data.

The differences depicted in Table 5 between the 24 and 48 hour training groups are
rather hard to interpret. There were no significant differences between the one
week 24 hourweek 48 hour groups in pre- to post-test change for any performance
category except for Watch Transfer. In the Watch Transfer category, the 24 hour
group showed a change from pre- to post-test statistically different from the 48
hour group. In fact the 48 hour group showed a performance decrement while the
24 hour group showed a performance increment. Although it is difficult to
speculate on these differences given the small number of subjects in each group, it
is possible that the behaviors rated in the Watch Transfer section were not stressed
in later sessions, and the cadets in this group may have felt that they did not need
to ask the mate on watch for information they had learned how to gather
themselves. If this was the case, instructors should be warned to stress this
important step in watchstanding thoughout the training session.

Discussion

Simulator training was found to have a significant effect on watchstanding
performance. Because of the relatively small range of scores given by masters, the
difference in training effect from 24 to 48 hours is difficult to determine. It
appears from this evaluation that a greater range of training hours must be tested
in order to evaluate the differential training effect of varied hours of simulator
experience. The decrease in performance from 24 to 48 hours in Watch Transfer
(see Table 5) cannot be explained at the present time. It appears that the masters
used a different set of priorities when evaluating watchstanding, and in particular,
Watch Transfer performance than was anticipated in the development of the rating
form. This different in rating (and training) priorities was discussed in depth during
the evaluation procedures. The results was a restructuring of the evaluation form,
and suggestions for areas of emphasis in training. Use of the new evaluation form
in future training research will most likely decrease any ambiguity in analysis of
results.

Analysis based on the preliminary form, however, yielded consistent ratings from
the masters, and clearly indicated an increase in performance levels after
simulator training. These results further suggest some measure of equivalency
between performance gain due to at-sea experience and that due to simulator
experience for specific deck watchstanding tasks.
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TRAINING PROGRAM EVALUATION:
AN APPLICATION OF DISCREPANCY EVALUATION
TO MILITARY TRAINING

Donald M. Kristiansen
US Army Research Institute - Fort Knox Field Unit

The primary mission of the Army is to wage war. When the Army is not
waging war, its primary mission becomes training to wage war. Leaving aside
all the problems with constraints to training, training distractors, etc.,
training is taking place throughout the Army every day; institutional training
programs, transition training programs, unit training programs, school train-
ing, individual training, collective training, and special training (Army
Correspondence Course Program, Training Extension Course Program, etc.).

This training has been developed in response to certain needs and, hence,
has goals. These goals are usually expressed in terms of objectives. Training
programs are developed to achieve the objectives, tests are given to assess
soldier proficiency, and the process usually stops there. The Army has a pen-
chant for developing programs, directing their implementation, and then making
three rather large assumptions: 1) that the program design will, in fact,
realize the program objectives, 2) that the program has, in fact, been imple-
mented in accordance with program design, and 3) that the products of the
program (trained soldiers) do, in fact, meet the original goal. Too often,
these assumptions are not warranted but no one knows that, because there are
few normal ongoing training program evaluation systems in the Army (GAO, 1981).

Training institutions (centers and schools) do not routinely examine the
training process (Hall et al., 1976). Directorates of Evaluation are usually
charged to ensure that the right things are being taught to the right standards.
But, there is some question, usually, as to what should be taught in the first
place (since centers often doubt the validity of their front-end analyses),
and either standards are not firm or they are excused as being inappropriate
for this stage of training, unachievable given current resources, or given
scant attention. Transition training is usually examined in terms of the hard-
ware operations rather than the training process, the question being, "Are we
training these soldiers to correctly operate that piece of equipment?" Units
seldom examine in-unit training from the process standpoint, the focus being
on the product, terminal soldier proficiencies.

For those of you who have closely examined training, as a naturalist
would, unobtrusively observing what goes on, you know what the results of this
lack of attention to training process has been. For those of you who have not
been able to do that, let it suffice to say that in many instances, the train-
ing process has not been tightly managed and shows the direct effects of having
been free to become instructor specific. Proficiency is determined by who
trained whom, today.

Where this situation exists, it can be turned around if the chain of com-
mand would begin to pay attention to the training process. Most commanders
would like to but they do not have materials and guidance, written for them,
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that tells them, in detail, how tc¢ do this. ARI at Fort Knox has addressed
this need and has produced and piloted a system for use by commanders who want
to attend to the training process, at the school, center, or unit level,

The ARI system, called Training Program Evaluation (TPE), is a variant of
a system developed by Malcolm Provus and his associates in the Pittsburgh
school system in the early 1970's in response to needs to tell the federal
government how effectively they were spending educational grant money (Provus,
1971). TPE is also similar to systems reported by Stake (1967) and Sanders
and Cunningham (1973). Provus and his associates, at the beginning of their
studies, thought they knew what was going on in these programs. Then they
tried to describe, in an objective fashion, what was happening (tried to be
data based) and found out that they did not really know what was happening.
And they did not have ready procedures for finding out. On investigation, one
federally funded remedial training program was described as 150 different pro-
grams, each one unique to a single teacher. To solve the problem of evaluating
the effectiveness of educational programs, Provus and his co-workers developed
a system called Discrepancy Evaluation. This system worked well for them, and
the application we have come up with for use in the Army appears to work well
too, at least in the applications conducted so far.

I want to describe for you, Discrepancy Evaluation, and our program, TPE,
to show how they are similar, and describe the TPE applications that have led
to an ever widening interest in the Army training community.

The first problem Provus found was that the goals were not specified
clearly enough for everyone concerned to get a firm grip on what the program
was supposed to accomplish. Goals were expressed in terms that defied evalua-
tion. The Army does better than this, but not always. Goals, in the Army,
are expressed as training objectives. Many training objectives are not measure-
able. We still familiarize people, we still orient them, we still require pexr-
formance in accordance with section so-and-so of such-and-such a document which
is, in fact, thirty or forty pages long and contains no clear description of
the task.

The second problem Provus found was thai, in many cases, the educational
program, as designed, would just not realize the objective. The design was
poor. Even if the program was faithfully carried out, the objective would
probably not be achieved. In the Army, we have a recognized process that
training design is supposed to go through to meet this problem; ISD or some
variant. In fact, little training is designed by people expert in this process.
The major problems they have are covered by ISD phases II1.1 (Specify Learning
Events/Activities), III.2 (Specify Instruction Management Plan/Delivery System),
and III.5 (Validate Instruction) (Schulz et al., 1979). What usually happens
is that subject matter experts, some NCOs, are tasked to develop a training
package. They do the best they can but they are being tasked to do a job they
have not been trained to do. Then, the Army seldom follows up to determine if
the training program they have designed will, in fact, if faithfully imple-
mented, realize the training objectives.

Next, Provus found that programs were not being implemented as designed.
Each teacher was left to his or her own devices to interpret the objectives,
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including the tasks and standards, and were seldom conversant with the design.
Often, implementation did not differ from design so much because of constraints
as because the teachers did not want to use the desaign; they liked theirs bet-
ter. The Army does not often check to see if training design is, in fact,
being faithfully implemented. Not only are standards given little attention
but tasks are not trained, other tasks (not specified) are substituted, demon-
strations are not given, and practice is not only not given, in some instances
it is not allowed. The overriding notion seems to be that training is what

the instructor does, rather than what the soldier does.

Provus decided that product measurement did not make much sense if you
did not know what process had produced the product. If the product does not
meet the requirements of the training objectives, you have no information on
which to base modifications so that you do get the product you want next time.
If the product is all right, you have no guarantee that it will remain all
right unless you can specify that the process is stable. Ve do a lot of prod-
uct measurement in the Army but not much process measurement. ¥e assume, that
because we have measured the soldier, usually having his instructor do the
measurement (with all that leniency error) and not paying too much attention
to standards, that we have satisfied the need to know. We know, in the Army,
that programs or processes that are not examined, deteriorate. Training is no
exception.

Training Program Evaluation is a '"discrepancy evaluation” like system for
examining the training process. It asks a series of questions about 2 training
process, carefully stepping an evaluator through the evaluation. It examines
seven aspects of training: the objectives, the design, the site, lecture events,
demonstration events, practice events, aud testing events. It asks some funda-
mental questions: Is the goal for this training specified clearly and unam-
biguously? Will the goal permit measurement of its attainment? Will the de-
sign for training realize the objectives? Has the design been faithfully
implemented? Does the test measure the tasks that have been trained? Is the
test free of contamination (hints, prompts, cues)? Are the soldiers, in fact,
proficient, as defined by the objectives?

Four job aids have been prepared for this process (Kristiansen and Witmer,
1981la; Witmer 1981; Kristiansen 1981; Kristiansen and Witmer, 1981b). They
have been written for use by a branch qualified Captain who is not sophisti-
cated in educational technology.

One job aid is a guide for examining lesson plans for adherence to sound
training principles. It asks twenty questions of a lesson plan (or training
plan, or training outline). These questfons examine, in depth, the training
objectives, the training prescription (what activities have been planned for
the soldier that will ensure his or her proficiency on the intermediate and
the terminal objectives), and the test (does it measure what has been traired
and is it designed in such a fashion that it will yield useful scores).

Another is a guide for the training observer. When we first staried de-
veloping this systcm, we found that observing the training process is not some-
thing that everyone can easily do. Mest NCOs, a* least, and most educational
technologists that have used the system, nceded training. They could not sece
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"training process.' What usually happens is that they get caught up in learn-
ing to do the task, or checking to see pf the task is being trained correctly
(training content), or they just watch without collecting any information.
Since this system is data based, the observer is a data collector. The object
is to capture data on what actually happened so it can be compared to what was
supposed to happen. We had to develop a three day workshop for observers.
workshop consists of an introductory session where the system is explained &
the training process variables described. Day two is used to actually examine
or observe an ongoing training program. Day three is used to compare what the
observers recorded with what the evaluator or analyst (the one running the
workshop) recorded. The observers get a chance to try the system out and the
evaluator gets a chance to see who is goud at this and who is not. This ob-
serve.'s guide lists 109 questions that can be asked of the training process.
Some of the items are easily seen and some are harder to see., These have been
identified so that the analyst can pick the items for the observer's to use.
Each item is described so that the observer knows what to look for,

Another job aid is a guide for fixing up training found deficient during
a TPE. It lists a "fix" for each item in the observer's guide and has, as
background for the analyst, sections describing practice and feedback. It has
been described as a useful document for training developers, too, since it
describes, in layman's terms, the "do's" and "don'ts" of training develcpment
and implementation.

The final job aid is a guide for the analyst, helping him or her to manage
all this. It tells him or her, in detail, how to plan, organize, and carry out
the TPE. It has a section on how to conduct a workshop for observers. It has
a section describing how to organize to get acceptance of the findings (since
the evaluator is usually in an adversary role from the very beginning). It
suggests various ways to report the results.

The system has been piloted at Fort Knox against initial entry training
programs and the advanced NCO course, against selected officer training modules
in the basic course, against the NET program for the M1 Tank during OT-ILII
(where three companies were trained), and against selected blocks of unit
training, boirh individual and collective. At the ML Tank OT-III we had to
train some 100 observers and manage data from as many as 30 training sites.

The system provided useful process data that would not have been available
otherwise, The data was used to fix the training where it did not work very
well,

A number of positive results came out of the use of TPE at the M1 OT-IIIX.
Fewer adverse comments were made by the observers during the second company's
training than during the first (and the observers were independent groups).
The same finding held for compan three versus company two. The instructor
group credited many of their program changes to feedback from the TPE. First
time GO rates steadily rose from the first company to the third company. Not
all of this was credited to improved training but the personnel involved in
conducting the training for the 0T were willing to credit TPE for much of the
information on which to base training improvement.
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An abbreviated version of TPE has been published in Army Trainer. It con-
tains fifteen things to look for when evaluating training. It will be useful
to units where they do not have the resources to organize an official training
evaluation function,

TPE is a start toward upgrading the state of the training process in the
Army. It has been business as usual too long.
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ASSESSMENT OF TRAINING

The state of Army training is assessed within the framework
of a general equation for trainee performance. Of the five
elements of the general equation, two are identified as major
contributors to enlisted training losses: T1leader orientation
and training quality. The effects of these two elements are
demonstrated through actual examples and research findings
and it is suggested that their effects are largely unrecog-
nized by the training leadership and the research community.

In this paper I aim at assessing the state of Army training in technical-
ski1l training areas, training in those skills we would categorize as more
objective on the continuum depicted in Fig. 1; generally that training, occupa-
tional training, which we administer to newly enlisted personnel. The title
of Figure 1 is to highlight the essential role of measurement in evaluating
training outcomes. As we approach

either end of the continuum in Fig. 1, our LEAST <~ » vost

measurements, and interchangeably, our Alesdership  .essay  .dmin check . disasseatle

training, become more or less objective. spondence compate i li-
The assessment in this paper is organ- Fig. 1. Test validity contirun

ized around the general equation in

Fig. 2. Most of the data that I will show is taken from technical skill
training courses for newly-enlisted Army personnel. My basic purpose is to
highlight the effects of two elements of this equation which, in my opinion,

are largely unrecognized by our training leadership at
all levels of command and likewise are generally unrecog-
nized by our professional research community.

TRAINEE PERFORMANCE =
Aptftudes
X

Motivation

The views in this paper are my personal views, dis-
tilled from 27 years association with the Army's training
system as a staff training specialist, currently with an
Army Service School; previously with our headquarters at
Fort Monroe, Virginia and initially with another Army
Service School. Obviously, my personal views do not
necessAarily represent the views of the Army or my current ingz S —

x
teader Orientation

x
Training Quality

X

Job/Task Design

organization of association. I do have the agreement of Equation

my command to present these views. Even so, I offer these views anonymously;
not because I fear reprisal, but because I believe that the criticisms 1 offer
apply to any Army Service School (Public schools and Universities also). And,
because I am certain that some will take strong issue, I don't want my school
to take the "hits" alone.

With the preceding said, examine with me each element, in turn, of the
general equation in Fig. 2.
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Aptitudes

By aptitudes- I mean the abilities measured by tests 1ike the old Army
Classification Battery (ACB), our current Armed Services Vocational Aptitude
-Battery (ASVAB), and similar batteries. The relationships between these such
measures and various trainee performance measures has been studied exhaustive-
ly. On the average, the relationships between these aptitude measures and
trainee performance measures are low, around .4, ranging up to a maximum of
around .5 and to a low of .1.

We do have a few examples of considerably higher aptitudinal relationships
with trainee performance. In the late fifties and early sixties several re-
search reports by the Army Signai School at then Fort Monmouth, New Jersey
reported correlations approaching .7 between the Electronic Aptitude measure
of the o1d ACB and trainee performance. My explanation, one that you will not
find in any of these research reports: strict adherence to norm-referenced
testing techniques-- ail training tests multiple choice, minimum standard
deviations of 7, and each item required to possess statistically significant
positive discrimination. A major argument within the school at the time was
whether the training test cut scores should be set at minus 1, minus .75 or
minus .5 standard deviation. Attrition rates in the enlisted courses were
‘high; 20 to 40% and more. One course had a recycle rate of 120%. The
generalization I draw from the Signal School research reports: you can get
higher correlations between aptitude measures and trainee performance measures
by norm-referencing your training tests. And, of course, you can fail a lot
more students too.

An aside of interest. One of my former supervisors told me of an incident
that occurred during the time period that the Signal School was rigorously ap-
plying norm-referenced evaluation techniques to their training tests and
concurrently arguing for higher aptitude prerequisites. The draft was then
ongoing and DA slected the training assignment of draftees based on their apti-
tude scores. To see what would happen, DA, unannounced, raised (considerably)
the minimum required prerequisite apititude scores for selected Signal School

courses. Did the attrition rates go down? My former supervisor said that the
attrition rates did not change.

Our typical trainer, at any level, gives far more credence to aptitude
than is warranted. Few understand that the relationships between measures of
aptitude and trainee performance are generally very low. Even fewer know that
the correlations between aptitude and various measures of job performance are
even more dismal, around .10, hardly worth more than a casual glance.

Our relatively recent emphasis on performance or criterion-referenced
training tests has generally reduced the relationships we typically obtained in
the past between aptitude measures and trainee performance. This reduction
should be the goal of training and its occurrence cause for celebration. But
our typical trainer generally holds opposite views.
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Motivation

I reluctantly include motivation in my general trainee performance equation
because our typical trainer has considerable faith that it plays a large role.
"He (or she) is just not motivated," is a frequently heard remark around serv-
ice schools. Questioning its reality and suggesting that the trainer can in-
fluence it borders on heresy. There are a few, nice, exceptions.

When calling on motivation to support a recommendation for failure or to
explain a failure, a frequent occurrence, our trainer is usually referring to
internal or intrinsic motivation. References to external or extrinsic motiva-
tion are rare. The distinction between the two forms, and the trainer's role
in the latter, is largely unrecognized in the context of training.

Commanders and directors of training have, with some frequency, ordered
the development and application of motivation tests and, we have used them to
counsel students and to decide their disposition. We did not ask, we did not
know to ask, of the validity of the test.

In fact, we can't measure either form of motivation with any degree of
acceptable accuracy for decision making about individuals. But, we can demon-
strate with impeccable evidence the existence of exirinsic motivation. In a
context now disassociated from training, both trainers and non-trainers across
the Army believe in extrinsic motivation. (More on this in the next section.)

Leader Orientation

This is the Tleast emotionally loaded label I could conceive of to denote
what I believe to be a most significant factor in the trainee performance equa-
tion. Here are several examples, representative of many more, which collec-
tively suggest that leader orientation has great influence on the trainee
performance equation.

The attrition rates in Table 1 are taken from US-CONARC publications (US-
CONARC was the predecessor of our current

TABLE )
Training and Doctrine Command). These were an-

L0ss Rates {in Percent) in the Radio Cosmunication Courses

nua'l pUb ] .icati ons entit]ed "US Army Serv.ice Conducted by Infantry, Armor, and Artillery Schools. *
School Training Reports." Al1l three of these ——
courses were of the same length and all three o D A A
aimed at training newly enlisted personnel to & i’ o e
perform field maintenance of the identical & 2z ns %0
field radio. Trainee aptitude prerequisites & 3 I %5,
were the same for the three courses. Except 9 e S0 L2g
where noted, all three were large volume a ne 8.2 a.?

courses; 500 to The Armor School had an article
pub]-ished in "Army" exp]a-ining how they did 1t; * Data from Fiscal Year USCONARC School Course Attrition

. . K Reports. Output each FY was volume training, § to 24
basically "hands-on" practice and lots of it, v Ot wen 53 o Toseen
#** No training conducted.
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acoup1ed with a leader orientation of "You send them, we'll train them." The
-other two schools continued with multiple-choice testing and their long
standing concern with "poor quality of students." Our training leadership at
the headquarters ‘believed that an "M1 Pencil" (A WWII expression to indicate
falsifying test scores) explained the small attrition rate at the Armor
School:: They were passing people they should have failed. But field
supervisors were unanimous in their praise of the graduates. Leader
orientation can explain much of these differences.

Table 2 illustrates a more recent example of leader orientation. These
disproportionately high female and
‘male loss rates occurred at a time
-when female aptitude prerequisites

TABLE 2
Hale and Female Loss Rates in Efght Enlisted Courses *, FY 77 and FY 78

were much -higher than male aptitude

. o . . R % L

p'rerequ 181 tes ° The d.l'ffer 1 ng ]OSS Course Hale Female Male O“Fauale Xers
rates cannot .be explained by con- Ty s s e me o

~ . . . . . 4 35.6 6.604%ex
-ceding sex differences in math (if B 1439 i s 73 5.dlgwees
you have such a persuasion . . . re- 0 2 166 o s R
search has not resolved the issue ; no e A X 3ghaene

. . .1t is a current hot debate topic

in the literature). Some of the dif-  -ynjeses sws o e s sy Sy,
ferences are quite large and stastis- Line much higher, S3th percentile, than for males (between I5th and
t'ica] ]y S 'ign‘if'icant by Chi square " g:digggrsa:e‘?sg.for differences betwen the nusbers of male and feaale
tests (see table 2). I prefer the ex-  nps-&

planation of sex bias against the
females in courses A and F. If aptitudes mean anything, the ladies should
have outperformed the men. At the time, the ladies had to meet much higher
course prerequisite aptitude standards then did the men. The commandant of
the school elected sex bias as the explanation and the differences in the
failure rates ceased following the Commandant's discussion with the course
directors involved. It was rather difficult to argue that particular courses
were being deliberately assigned inferior female (or male) trainees in
comparison with other courses.

Table 3 provides an example of significant loss differences among compo-
nents (Active Army, Reserve, and National

Guard) in one course; clearly different from TABLE 3

component loss rates in other enlisted Goopar Jan of Loss Rates fang Gosponents o the PASC 3nd

courses. The differences were recognized

when the Commandant asked why loss rates coRsE e _other Courses 12

were up in that particular course and the in-  comonemt _N _  _toss

structors replied that the National Guard Regular TR 15.3

students were the cause. The reported apti- i

tude scores of the National Guard students e, M s e

were alleged by the instructors to be con- Hatfonal 02 2.6 16.7

siderably inflated: at the time National Guard

Guard personnel administered the ASVAB to

their recruits. .- 26:25?2: gt??:r:gc::ngngfcvwggent Toss rates yielded
a ¢hi square of 43.23, < .005

P
w*x About 6,000 students in about the same component propore
tions as Course "A"
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As the reported aptitude scores were alleged to be false, testing them for
differences was meaningless. Aptitudinal differences among the three compo-
nents evaluated via a different aptitude test locally administered. There
were no statistically significant differences among the aptitudes of the three
components.

The instructors then suggested that National Guard students were not re-
sponding to a large portion of the course dealing with what was called SIDPERS:
the Army's automated personnel management system. Personnel management in
National Guard units was different from SIDPERS: thus, it was alleged that
National Guard students were indifferent to, and therefore failing, the SIDPERS
portiun of the training. A Targe sample of test scores from the SIDPERS
training were tested for component differences. No statistically significant
differences were tound.

Several other possible explanations were checked. The last one checked
identified what came to be, reluctantly, the accepted explanation: a general
instructor bias against the National Guard student; the "Weekend Warrior," and
other choice expletives. Brought to the surface and gently discussed with the
instructors, the differing loss rates among the components ceased.

Table 4 illustrates racial loss differences in one course quite divergent
from the long accepted directions. I offer an
explanation that I must carefully qualify. It TABLE 4
is speculation on my part: I readily admit that tsjortty and atnority oss rates in one course and seven
I cannot prove that my explanation is correct.

This exception to the expected racial Toss rates student Lloss (W)
coincided with the assignment of a black leader iner Category  Course A - Other Courses
as course director. In no way do I suggest that wjortty (200 o5
his Teadership orientation was consciously 82 & 803

biased. Rather, his strong, laudable, orienta- Minortty (229 (o835’
tion with black students was: "You are not going

to fail. We must demonstrate that we can." From wgorlty (61 (3,306}

observing this leader interacting with black stu- .8
dents, one would agree with the descriptive

. 18,
. . . N . ttinor ity (66%)4 (2.568)7
labels of "dynamic and charismatic," in his

dealings with them. High expectations of e e R e Coaciir oy oy sl el
success! But unknowingly aimed at only one

category of student. With the normal rotation/replacement of this course
leader the figures changed to their traditional relative proportions.

Thus far we have examined several examples of what I believe can be fairly
called leader orientation effects within particular courses.
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The influence of more senior levels of leader orientation are, I believe,
also observable. Figure 3 displays attritional losses, initially by FY, then
by -quarter, in enlisted
courses over several as.
years within my school. - 21 03
The nine enlisted courses |29- A A
are-all lumped together
in this figure and the
total numbers are large; 104
around 8,000 each year
and around 2,000 each
quarter. Of interest —t 1
here is what explains the
"ups and downs"? The ex- G
planations usually of-
fered revolve around "in-
put quality." Even "seasonal var-iations in input quality" has been offered as
explanation. I think that senior leader orientation explains a great deal of
the variation in attrition evident in Figure 3. Here are the facts that lead
me to this personal conclusion.

15 4

[ 1 1 1
"on 1® M B 19 8 & s s 8 &1 & 8 8
i 1 1] 213141 1)2)3 4]

FY BY QUARTER

Figure 3. Enlisted course losses in percent

From FY 67 through FY 75 the enlisted course loss rates taken together
ranged from 8 to 12 percent. The Army Service Schools underwent a major
reorganiza- tion in FY 75. One significant result of this reorganization
locally, as related to attritional losses, was the elimination of a five man
staff element whose full time, and sole, mission was monitoring training
quality through training test results. Beginning in FY 76, there was no
command emphasis on training quality (and I recognize that the term "training
quality" was then as now, quite controversial in meaning and practice).
Through the 77-78 FY time period the enlisted course attrition rates reported
during each Command Per- formance Summary were incorrect. (The data in Figure
3 are the correct loss rates.) The reported rates each quarter for each of
the nine enlisted courses were, on the average, about half of the true rates
of attrition. 1 will never know whether this under-reporting was accidental
or deliberate. I know how it occurred: TRADOC changed the 20 year old formula
for computing attrition rates and the formula was either deliberately or unin-
tentionally interpreted to produce the under-reports. For about a two year
period our senior leadership reviewed attrition reports which under-represented
the true rates of attrition by nearly half. There was no command concern with
attrition during this time period. You must judge for yourself whether or not
the high attrition points can bc explained, at least in part, by command's be-
Tieve that attrition was lower than it actually was. 1 believe this explains
much of the differences.

Late in FY 78 I assumed a staff position within the resident training side
of my school, discovered the under-reporting, and advised the newly assigned
Commandant. This new Commandant had already expressed great concern with the
high attrition rates. This concern intensified to the training staff on the
discovery of the under-reporting. I believe this explains the significant drop
in attrition rates observable beginning in FY 79.
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A new Commandant, assigned in the 3d Quarter of FY 80 ("803" in

Figure 3), continued the previous Commandant's concern with enlisted course
rates of attrition. When the 4th Quarter (804) enlisted course attrition

rates were reported, this Commandant expressed concern with the quality of the
graduates. Were we lowering standards? The 8.9% loss rate was the lowest
ever. I believe that the dramatic jump in the enlisted course attrition rates,
up to 15.6 percent for Quarter 813, was directly a result of this expressed
command concern with quality and standards. On seeing the 1st Quarter FY 81
rate, our Commandant suggested that we may have gone too far in emphasizing
standards and quality. And down the figures went!

The Tumping together of all of the enlisted courses in Figure 3 masks still
another observation. These individual course attrition rates fluctuate errat-
ically over time just as was observable previously in Table 1: effects of
leader orientation.

A former senior training leader within my school commented on a draft of
this paper:

I have a thought or two on your figure 3 and the accompanying
discussion. As you know . . . I could give you any attrition
rate you wanted and rationalize my way clear. Reason: Be-
cause I would (today anyway) control all the testing and all
the scoring, and there is an ample supply of "M-1 pencils" to
meet any "acceptable attrition rate."

Several years ago a general officer Tetter addressed one of our NCO courses
which was of great concern to his command. His letter pointed out that our NCO
course had an attrition rate that was one-half to one-third lower than similar
other-service courses and suggested that our standards were too low. Our NCO
course attrition rate promptly increased, in line with other-service course at-
trition rates. This, despite the fact that we, and his command, had inde-
pendently of each other studied the relationships between measures of school
and job performance and had found no relationship. (Neither of the two studies
were published.)

In passing, the many formal studies of the relationships between perform-
ance in training (formal school settings in universities, businesses, indus-
tries, and military schools) and various measures of job performance are en-
tirely consistent in their results. The two are not related. This is quite a
shock to most military training leaders. One of my former commanders almost
threw me out of his office on hearing this assertion. To his credit he later
accepted the generalization and based thereon vigorously pursued elimination
of "class rankings" and designation of "honor graduates." We did stop the
practice . . . until he left.
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Recall the earlier discussion of motivation. We are referring to extrinsic
‘motivation when we talk about leaders influencing the performance of their
units. I don't Tike to work with figures (intrinsic motivation) but my leader
‘has convinced .me that we must get these computations done (extrinsic motiva-
tion). Our typical trainer believes in extrinsic motivation in the context of
unit performance but has Tittle respect for the notion within the context of
training.

That instructors (leaders) influence extrinsic motivation within training
settings has been well demonstrated by research. Rosenthal and Jacobson (1968)
administered a test of "potential" to 650 grammar school children which identi-
fied about twenty percent as likely to demonstrate academic growth above expec-
tation the next academic year. The names of these potential academic
"spurters" were given to the teachers. The "potential" test did the job!
Those children so identified did achieve above expectation. The catch to this
research: the test scores were ignored and the potential spurters were selec-
ted by a table of random numbers. How an instructor perceives a student does
have impact! According to one writer, this research, now somewhat of a
classic, has been duplicated over a dozen times in a variety of instructional
settings.

Our military training leadership, at all levels, is in general quite in-
sensitive to the leader orientation portion of the trainee performance equa-
tion. While we have great respect for leadership in units, and we invest sig-
nificant resources in leadership training, we are not really conscious of its
operational effects in our training. When there is concern for too high attri-
tion, almost without exception the response explanations involve aptitudes.

Aside from particular biases observable (sex, race, component, etc.), there
are two basic Teader views of the role of training which predominate: a
"selective" and an "instructional" role. The former view (select out the un-
fit) 1is more frequently observable. You hear this former view in infinite and
subtile variations. Fig. 4 illustrates a few of the frequently heard comments

around service schools which reflect a selective
orientation. The other basic orientation, "you auelity v e sending them. e
are trainable," is observable but, in my view, gotts Bighten standards.”
too rarely. This "failure" orientation has its Spon Teed theacy Y19 10 %
origins in our educational culture. Bell curve 3. "ou ought to look at your
grading is our cultural norm. We have had this standards, your aterition 15 5o lov.
indoctrination, from kindergarten on: there are 4. TThat attrition fs about right.”
mostly average and a few good, and bad, students; Tigorous s deminding couree of io-
failure is alright, even expected, things are not Seasured in some degres by e rember
right unless there are failures (the course is too 0% Graduating with: you neve today
easy). Mastery or task competence is expected Only | (ercam o o enitsies covrsect
of a few. Achieving seventy percent is "passing." 6. "Most of our students cose back
Average . . . mediocrity . . . is our norm. A R
7. "I wouldn't have that student working
forme . .. " “Negotta..
8. "That is a tough test.”

”-quure 4. Quol:s‘] "l:“-;a{';—:{-: -
selective orientation versus an in-
structional orientstfon,
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Training Quality

Training quality is that element of the trainee performance equation which
is, in my opinion, a most controversial issue and one that is greatly bound by
our educational experiences/cultural expectations. 1 also believe it to be the
element with the most potential for gains.

Our culture has towering faith in education and training. In dollar value
we devote nearly eight percent of our gross national product to public educa-
tion and about the same proportion of the defense dollar to formal training ef-
forts. At any one time, about 15% of our total Army strength is either in our
schools, conducting school, or supporting our schools. We do have faith that
training makes a difference!

Notwithstanding our enormous belief in the value of training we have no
concensus on what is quality training. From this point on, the water I am
wading in gets deeper and more troubled.

I am going to take one example which I believe, had you been with me during
a recent ten year period, you would agree is typical and representative of
literally hundreds of similarly observable incidents within my school.

The "task" is taken from a 10-week course with very heavy demands on the
higher-order verbail skiiis of iistening and writing. In this task, our trainee
must, via his or her long hand notes, produce a typewritten summary of dialogue
typically with around eight participants and ranging in duration to an hour or
more. Tape recordings are not allowed. A typical product produced by a
student would run 20 pages, about half forms, with the rest a summary of the
dialogue; very detailed, bordering on a verbatim transcript.

When the training was designed, there was a great deal of emphasis on what
has subsequently come to be called "front-end-analysis" with the particular,
even singular, objective of designing the training test, before the training
was designed. Even today this is considered to be a somewhat radical approach.

The test took the form of a video tape, scripted and produced at consider-
able cost (and sti1l in use to this day). Scoring was by a check list of over
300 elements; a date, a time, a place, what was said and who said it: each
element scored by product inspection as right or wrong. What the student
viewed as a single test was actually managed as three tests.

Table 5 displays, for the forms portion of the test (the least difficult of
the three partsg, the frequency distributions s
resulting from the 1st and 16th class. Note Bl e of e, S st e e st 1o
the significant difference between the two dis- -
tributions; the first normal, the second highly e e e
skewed. The distributional shapes in between " " st
the first and 16th classes each became progres- i ; A
sively more skewed. A graph of the means of u :
the test scores over the 16 classes would ap- 4 e
proximate the classical learning curve. Note 4 !
that most of the scores in the second distri-
bution are above the median score of the first -t st e ot it i

m Ot Wptigd T Lag lll d 1) st opent

distribution.  dms
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After each test, item analysis was performed in, then, quite a new fashion.
An entirely new statistic became almost the sole basis for item analysis and
training quality control. We labeled this statistic "percent item miss rate."
We insisted on, successfully in this case, and in hundreds of other cases, one
single rule for its interpretation. For item miss rates of around 20% or more:
suspect, find, and fix an error in the training design/delivery. The principle
was: training design must be good enough for most students. Its operational
definition was: item miss rates of around 20% and higher indicated that the
training was not good enough. Operating under this principle the instructional
cadre shaped, molded, and redesigned this unit of training. Simple design er-
rors were identified and corrected: An incorrect illustration of a signature
block in the training materials, when fixed, eliminated a 50% miss rate. A 90%
miss rate was attributed to a portion of the video tape (the media of the test)
being simply inaudible -- you couldn't hear what was said. A 40% miss rate was
traced to scoring disagreements. Scoring unreliability was rather large ini-
tially as one might suspect.

But as succeeding classes passed, the by-far Targer problem became in-
creasingly clear. There was simply not enough practice. Over the first year
the practice materials and the classroom training time devoted to them actually
doubled. It took over a year to develop the needed additional practice materi-
als and two additional alternate test versions. The three alternate test ver-
sions were then used randomly and interchangeably for practice, for grade, and
for makeup/retesting. The original estimate of 6 days of practice proved to be

only half right.

From this one example and, accept as true, hundreds of similar examples in
other courses, I am now in a position to make several observations.

The largest single factor in the trainee performance equation is, on the
average, "training quality" or more specifically, the lack of training quality.

We should redefine our classical model of a test score as illustrated in
Fig 5. The error portion of the true score is typical-
1y presented in our measurement literature as stemming St m 5o e S s o |
solely from random errors and the state of the learner; here:
he didn't feel good when he took the test and his ob-
served score is less or more than his true score, etc.
The inference in the classical model is that there is

Sy s true score
So is observed score

Se is(observed score

nothing inherently wrong in the test, test adminis- Beasurezent error)
tration, test scoring, training design, Teadership, S0 08 e SO verys
and training administration. But, there usually is! ccater ortentation

!
|

Our educational and training cultures, both public Fig. 5. Revised Model of s Test Score.
and military, simply do not comprehend that test item
difficulty is, in large part (I would say "for the most
part"), a function of training design, leadership, and administration.
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Criterion~-referenced notions have had some impact but in the main our typical
trainer and educator remains largely unaffected by them. They continue on
serenely: "70% is passing;" "that is a difficult test." Our professional
literature, read, if at all, mostly by other professionals, is viewed by
trainers and teachers as a foreign language, full of esoteric terms. Questions
of fidelity, transfer of training, reliability, skill decay, etc., keep the
waters of our professional literature in constant agitation while the testing
waters of our schools remain largely placid. These technical terms are mostly
"non-terms" to the vast majority of our trainers. Try dropping the terms "psy-
chological fidelity" and "stimulus generalization," both representing very
powerful and useful concepts, into a conversation with the typical trainer and
see how long the conversation lasts. Suggest that "The test is OK, let's beef
up the training," and watch the eyes roll. Advise that the cut score on a test
should be set initially in consideration of training quality (usually very
poor) and subsequently adjusted (up) as the traning quality is improved, and
observe the knowing side-glances.

Job/Task Design

I mean, by the term "job/task design," the configuration of the occupation-
al specialty; how we prescribed the performance of each of the tasks, and how
we designed the job givens (manuals, tools, forms, etc.). We have some job
tasﬁs even the most optimum training design has great difficulty in dealing
with.

Two examples to illustrate the issue here. Our original Prefix 5 training,
nuclear weapons employment training, was heavily loaded with some pretty eso-
teric math -- we brought in physicists to train our people in nuclear weapons
employment; compute fall-out ratios, decay rates, etc. Much of the early
learning difficulty was a function of how we had defined task performance.
Simple nomographs later eliminated all the learning problems experienced by
students with minimal mathematical training (and there were quite a few). The
nomographs also reduced the learning time and increased task performance relia-
bility. While illustrating a magnificent improvement in the training, the
story also illustrates that we can do a sorry job of designing a task.

The second example. Back in the days of the 125-item muitiple choice test
for enlisted evaluation (did we really get away from that?) there was a carbon
set form (one of many) that our personnel clerks had to complete which identi-
fied personnel eligible for enlisted evaluation (an interesting word choice
. . . you weren't just "eligible", you had to). We were going through a task
analysis of the task requirements associated with enlisted evaluation. In
the process we stumbled into over 30 design errors related to one carbon set
form. A few examples. The form (with tractor holes along each side for ADP
processing) was too wide for the standard Army issue typewriter. Tear off
the perforated tractor guides to get the form into a typewriter and ysdJ had
problems keeping the carbon copies aligned. The sequence of information re-
quired on the form was not the same as the sequence in the source document --
more chances for error, more time required, than necessary.




The two preceding examples are agreed upon history. Depending on our
perspective, we call them examples of failing to apply "forms management," or
"human engineering." From. stil11 another perspective, we didn't think of ap-
plying "job aid" concepts. Al71 of the labels deal basically with the same
concern: designing a task/toclis/manuals, etc., in such a fashion that the
learning requirement is minimal. Going back to the mid 20's, numerous research
studies have addressed the job/task design issues, many of them under the
rubric of "job aids" or "job performance aids." Using a variety of formants;
study after study has reported whopping gains in reduced learning time, greater
accuracy, etc. The message I get from this really large body of research is
that we can achieve large savings through the application of these techniques.
The other side of this message: how much weight does the element of job/task
design have in the trainee performance equation? It has significant weight,
more here and less there. The reseach clearly supports the existence of this
element of the equation. Even the most optimum training design, leadership,
and administration cannot overcome a poorly designed job/task.

A possible current example, one with which most of you are 1likely familiar
and have probably felt victimized by; the Joint Travel Regulations. Only the
chosen few really understand that monster and I'm even doubtful of them.
Imagine trying to train Clerks, newly-enlisted personnel, to perform in that
arena.

Again, our training leadership is 1ittle sensitized to this potential
source of trainee performance variance. The job-aid advocates within the re-
search community are quite sensitized but they are a small group and rarely
heard by our training leadership.

The job/task design element of the equation is, in the immediate time
frame, a given for the trainer. The trainer must try, through design, te
compensate for a poorly designed system/task. I don't have a strong opinion
on how will we do this, but, I suspect that we don't do it ver: well and that
such is often the root source of field performance problems and related field
commander gripes: to which, our schools are usually quite responsive but not
necessarily in the correct direction.

Summary

0f the five elements of the general trainee performance equation, our
training and research leadership should focus on the element of training
quality. Acquiring and applying a new definition of training quaiity ("the
training must be good enough for most students") we would then target on that
element offering the most gain. By such emphasis, we cease our generally
fruitless efforts with aptitudes and intrinsic motivation. We stop our
explanations (“"naming" js not explaining) that a particular test is "hard,"
that a particular test question is a real "ego buster,” that particular classes
are bad, that a 20 (or 40, or 60) percent attrition is about right. We stop
Jjudging training by how it looks; a focus on the processes of training. In-
stead we focus on the products of training. This product focus is not a myopic
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"we-love-everybody", “"everybody-is-good" approach. It is a hard nosed, patient,
Tong-term; empirically based approach; a systematic, methodical trial-test-
revise approach to the design and management of training: find, and fix the
(inevitable) training design and delivery errors!

By focusing on training quality (let', figure out how to . . .) we subtly,
but by the most direct possihi» mez.,, attack leader orientation; the equally
important element of the trainee performance equation. By such means we at-
tack, and change, cur basic cultural zttitudes of failure end poor quality
of students. We stop accri ting 20, 40, and 60 percent attrition rates.

Where should our training research effort go (big bucks here)? Not on the
first two elements. That has been done and done.” We know the answers here.
On the last element; job/task design? Yes, continue effort here but be a
Tittle humble. Poorly designed jobs and tasks will continue to be implemented
under operational cuntingencies. Yes, yell about them Toudly! But recognize
that our typical military trainer is around too short a time to place his
marbles on such a long-term pay off. And, recognize that our typical civilian
trainer in a military service school has vested interest in that task. He will
lose that 40-hwur block of instruction which is why he really exists (only he
really understands it) when you eliminate the learning problem through re-
designing the task.

We lose, on the average, year after year, over one out of four of our
new accessions, new enlisted personnel, through Basic Training and Advanced
Individual Training. The vast majority of these losses are not due to mental,
physical, or disciplinary reasons; they are academic losses. They simply can't
pass our tests. Surely, leader orientation and training quality account for a
significant part of that loss. Reason enough to focus heat on the training
quality and leader orientation elements of the trainee performance equation.

"MARK HOPKINS"
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RELATION OF COOPERATIVE RESPONSE TO INTERPERSONAL NEEDS

JAREAN RAY
AND
PAUL BROWN*

UNITED STATES AIR FORCE ACADEMY, COLORADO

ABSTRACT

This paper investigates the amount of correlation between cooperative
behavior (as measured by the Prisoner's Dilemma game) and inclusion behavior
measured by the FIRO-B test, as demonstrated by cadets at the United States
Air Force Academy.

PROBLEM

The principles of game theory were utilized to model a situation of
conflict. In this situation, the subjects chose a response that demonstrated
an attempt to cooperate or a response that indicated other motives overriding
cooperation. The FIRO-B test measured behavior based on interpersonal needs
for each subject. The hypotheses are as follow:

H.: The higher a person's score for Inclusion (Wanted) the more likely
he/she will select a cooperative response.

H,: The higher a person's score tor Inclusion (Expressed) the more
likely“he/she will select @ cooperative response.

H,: The higher a person's combined score for Inclusion (Expressed +
Wanted? the more likely he/she will select a cooperative response.

METHOD

SAMPLE

The subjects were 26 volunteers selected at random from cadets who were
studying at the Academy library.

PROCEDURE

Each subject received a brief, general explanation of the experiment;
to keep the explanation from influencing the responses, the subject was
told only that the purpose of the experiment was to determine the amount
of correlation between responses on two different surveys, and that he/she
would receive an explanation of the results for his responses after the
experiment. Because the questions on the FIRO-B test might have caused the
subject to be in a more cuoperative frame of mind, the subject was required

to complete the Prisoner's Dilemma prior to the presentation of the FIRO-B
test.

*Requests for reprints should be addressed to the second author.
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INSTRUMENTS

i er's Di a
The Prisoner's Dilemm

The Prisoner's Dilemma game produced the conflict in this experiment.
It modeled the situation in which two suspects were faced with the choice
of confessing or not confessing to a serious crime. The subjects were
instructed that they did, in fact, commit this major crime. They are
separated, with no communication allowed. The authorities already have
enough evidence to convict each suspect of a lesser crime but are willing
to deal with the suspects. In order to get a conviction of the major crime,
the authorities offer "freedom'" to the suspect who confesses if the other
does not confess, while the other would receive the maximum prison sentence.
If both confess, both will be convicted of the major crime and receive a
sentence only slightly less than the maximum sentence. If neither suspect
confesses, they will both be convicted of the lesser crime and receive a
light sentence.

According to the game theoretician's definition, a rational decision
would entail each suspect acting in self-interest to receive the least
time in prison (the highest-valued payoff). Hence, it seems that the best
strategy would be to confess. If suspect A chooses not to confess, then
he may get the light sentence, if suspect B also chooses not to confess.
However, if suspect B chooses to confess, suspect A will receive the maximum
sentence. On the other hand, if suspect A chooses to confess, he will either
receive the reduced sentence or be released, depending on subject B's
decision. It seems, then, that the safest course of action for suspect A is
to confess, so that he will avoid the maximum sentsnce. This argument is
especially appealing when considering the most lcgical view that suspect B
will tend to use the same reasoning, also choosing to confess, so that
neither would be released. The dilemma is evident when one considers that
the resulting prison sentence is more than each would have received had
neither confessed (Rapport, 1960).

The FIRO-B Test

The acronym FIRO stands for Fundamental Interpersonal Relations Ori-
entation. The B after the dash indicates the version that measures expressed
and wanted behavior. Developed by Will Schutz, Ph.D., the FIRO theory pro-
poses that interpersonal behavior is determined by the characteristic ways
every person orients himself toward others (Shaw and Costanzo, 1970). The
theory states that interpersonal interaction is a result of three interper-
sonal needs--inclusion, control, and affection--that develop during childhood
(Shaw and Castanzo, 1970). Inclusion refers to integration into a group,
control involves the power and responsibility in decisions between people,
and affection refers co the emotions between people (Shaw and Costanzo, 1970).

For each interpersonal need, the FIRO-B test measures the behavior a
person expresses and the behavior a person wants from others, assigning a
score ranging from zero to nine with a higher score indicating a higher need.
Since both expressed and wanted behavior are interrelated and may influence
a person's decision, the combined score (E + W) for each need may prove to be
a more accurate indicator of a willingness to cooperate. The FIRO-B has been
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used in numerous research studies and has been found to be a very valid
instrument in identifying expressed and wanted behavior for the three
interpersonal need areas (inclusion, control and affection).

ANALYSIS AND RESULTS

The data was analyzed to determine the relationship between a cooperative
response and all three need areas. A regression was run on three sets of data,
each with different values for the interpersonal needs: data for (1) expressed

behavior, (2) wanted behavior, and (3) the sum of expressed and wanted behavior.

In all three cases, the linear model used the response to the Prisoner's Dilem-
ma (a value of zero for "confess' and a value of one for '"not confess") as the
observation resulting from the scores for interpersonal needs.

Correlation

A summary of the correlations between the interpersonal needs and the
response '"not confess' is given in Table 1.

TABLE 1 CORRELATION WITH RESPONSE '"NOT CONFESS"

BEHAVIOR INCLUSION CONTROL AFFECTION
expressed 0.13496 0.17030 -0.05774

expressed 0.25560 -0.03360 0.08352

+ wanted

wanted 0.29019 -0.28778 0.21066

For expressed behavior, the correlation indicates that there is almost
no relationship between the three interpersonal need areas and the response
to the Prisoner's Dilemma.

For the sum of expressed and wanted behavior, there is nearly zero
correlation between the response to the Dilemma and the need areas of con-
trol and affection. However, there is a small amount of correlation between
the response and the need area of inclusion. Of the three areas, inclusion
is the one that will most likely predict or explain the response of "confess"
or '"not confess'" (Whalen, 1981). The correlation is positive, indicating the
greater a person's expressed and wanted inclusion are, the more likely he will
be to choose the response of not confessing. Although expressed plus wanted
inclusion can be used to predict or explain a response to the Prisoner's
Dilemma to a certain extent, other factors must also be considered (indicated
by the fact that the coxrrelation is not very high).

For wanted behavior, inclusion is again the interpersonal need behavior

that has the greatest relationship with the cooperative onse. Again,
the positive correlation indicates that the greater a pe .on's desire for
inclusion the greater his tendency to choose not to . ess. The correlation

of the cooperative response with control is nearly the same as with inclusion,
only negative. Therefore, the lower 2 person's desire for control, the greater
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his tendency to choose the '"not to confess'" option. The correlation between

a response of '"confess'" and desire for control will be a p051t1ve value with
the -same magnitude. This indicates that the greater a person's desire for
control, the more likely he will be to choose a response of 'confess". Affec-
tion also has a slight positive correlation with the response of "not confess'.
Its magnitude, however, is less than that of the other two need areas. This
indicates that a desire for affection will have less of an effect than a desire
for inclusion or control.

SIGNIFICANCE

The partial F statistics for each variable (need area) will be used to
evaluate their significance in predicting or explaining the cooperative
response. If the partial F statistic of a variable is greater than a control
statistic, F. , the minimum value for a variable to be added to the model,
then that variable is significant in predicting the response. The value for
Fin comes from a table of values for the F distribution, using Fl 245 F2 235
and F3 5 respectively, at a level of significance of = .05 (Hines and’
Montgomlty, 1980). For expressed behavior, the results are shown in Table 2.

TABLE 2 SIGNIFICANCE OF AREAS FOR EXPRESSED BEHAVIOR

Variables in Model Partial F Fin
Control 0.717 4.26
Control 0.807
Inclusion 0.546 3.42
Control 0.459
Inclusion 0.565 3.05
Affection 0.053

None of the variables for expressed behavior have a partial F statistic
greater than Fj, for any of the three models. This indicates that none of
the variables are significant. Hence, the interpersonal needs for expressed
behavior cannot be used to preduct a response to the Prisoner's Dilemma in
any way. This conclusion is consistent with that indicated by the correla-
tions.

For wanted behavior, the results are given in Table 3.
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TABLE 3 SIGNIFICANCE OF AREAS FOR ‘WANTED BEHAVIOR

VariableérinAModel 4 Partial F — Fin
‘Inclusion 2.207 4.26
Inclusion . 5.331
Control : 5.288 3.42
Inclusion 2.846
Control 5.077 3.05
Affection ) 0.055

Although no variable has a partial F statistic large enough for it to
be the only variable in the model, the partial F statistics for inclusion
and control show that they are significant when the model contains only
these two variables. The variable affection has an extremely small partial
F statistic, indicating that it is not significant. Therefore, affection
cannot be used in the prediction or explanation of the response to the
Prisoner's Dilemma. These findings indicate that wanted inclusion and con-
trol can be used to predict whether a percon's response will be to confess
or not to confess. The correlations imply that the larger the desire for
inclusion and the smaller the desire for control, the greater the tendency
will be to respond '"not confess'. Although significant, the low partial F
statistics and low correlations suggest that other factors are involved.

Tab1 Fgr the sum of expressed and wanted behavior, the results are given in
able 3.

TABLE 4 SIGNIFICANCE OF AREAS FOR EXPRESSED + WANTED BEHAVIOR

Variables in Model Partial F Fin
Inclusion 1.678 4.26
Inclusion 1.638
Affection 0.190 5.42
Inclusion 1.976
Affection 0.451 3.05
Control 0.384

Again, none of the variables have partial F statistics greater than F
?herefore, for the sum of expressed and wanted behavior, none of the
interpersonal need areas contribute significantly to the prediction or

description of a cooperative response to the Prisoner's Dilemma, despite

the fact that therg was a small amount of correlation between the coopera-
tive response and inclusion.

in-
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DISCUSSION

These results indicate that a person with a greater desire to be in-
cluded by others and a smaller desire to exercise control over others will

‘be more likely to choose to cooperate by not confessing. It seems reason-

able to conclude that the desire to be included would cause a person to
cooperate, this subject will risk being double-crossed, especially if he/
she had only a slight desire to exercise control and would not be as con-
cerned with trying to double-cross his/her partner.

The results further indicate that wanted behavior--not expressed or
even a combination (E+W) is most correlated with the cooperation response.
A person is much more likely to make a decision based on his desires for
behavior than on his expression of behavior. A person always has the free
will to choose his course of action, and he most often does so on the basis
of what he wants (whether to gain something or to avoid consequences).

This does not imply that his choice is based purely on self-interest, since
he may choose a course of action because he wants to benefit another person.

One assumption of the experiment is that the response of not confess-
ing represents an attempt to cooperate. This does not imply that the
response of confessing represents competition. Examining the two responses,
one can delineate many motives for confessing. First, a prisoner may choose
to confess in order to punish his partner if he expects that his partner
will not confess. In this case, his partner will receive the maximum pos-
sible prison sentence. Second, a prisoner may choose to confess, hoping
that his partner will not, in order to gain his freedom. The prisoner is
more concerned about the chance of being released than he is about the fact
that his partner will then receive the maximum sentence. Third, a prisoner
may choose to confess in order to nrlay it safe. If he confesses he will not
receive the maximum sentence, no matter what his partner decides. Fourth,
the prisoner may choose to confess out of ethical considerations. After
having a change of heart, knowing he has done something wrong, he may choose
the morally right course of action of admitting his wrong and receiving his
punishment. Clearly, there are many different reasons for choosing the
strategy of confessing, and not all reasons indicate competition. However,
if the prisoner decides not to confess, his overriding concern is something
other than punishment, freedom, safety, or ethics. The assumption is that
this concern is an attempt to cooperate with his partner for the lightest
sentence for both of them (Shaw and Castanzo, 1970). Considering the nu-
merous reasons for choosing the response of confessing, it is surprising the
large number of subjects who responded, "not confess".

Thus, data indicates that many factors are involved in the '"not confess'
response, as well. The large number of cooperative responses by cadets is
probably due to a great extent to the environment of the United States Air
Force Academy. First of all, the atmosphere of living so close together in
the cadet area; the great degree to which ideals, goals, and beliefs are
shared among cadets; and the common experiences of the Academy life all pro-
mote a knowledge of fellow cadets, and a feeling of similarity. These fac-
tors make it much easier to imagine that an accomplice in the Prisoner's
Dilemma would tend to act in much the same way as the subject himself. Another
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factor that would add to this reasoning is the great amount of control exer-
cised over cadets, since this control allows few deviations from norms. The
fact that there are not many deviations from norms would also promote a con-
clusion that an accomplice would make the same decision (Linden, 1981).

Another factor of the cadet environment is living under the Honor Code.
Such an experience tends to promote trust of fellow cadets and people in
general. A greater amount of trust would promote a decision to cooperate in
the face of risk--the risk of being double-crossed would seem small if the
subject perceived mutual trust.

Furthermore, the competitive environment of the Academy promotes the
desire to achieve the best possible outcome relative to a 'value of self."
This desire would correspond to a desire to receive the lightest sentence
as an overriding motivation toward a decision. The practice of 'gaming"
at the Academy (getting by with as much as possible without getting caught)
would also make the decision of not confessing appealing to cadets. The sub-
jects will risk a double-cross in order to receive the lightest sentence.
This high risk situation is very similar to the way many cadets practice
""gaming the rules.'

LIMITATIONS

There are several limitations which may have produced biasing effect in
this experiment. For example, the sample size and the administration of the
experiment required that the subjects be chosen on a voluntary basis. Thus,
the sample will have some amount of bias due to the method used for choosing
the subjects, and it may not be as representative as a larger sample chosen
strictly at random.

Finally, it was assumed that other experimental controls were adequate.
In other words, no bias existed in the way it was administered, the wording

of the survey, or in the time and location of the subjects as they participated

in the experiment. When examined before the experiment was conducted, these
factors did not appear to be significant. However, the fact that the admin-

istrator was aware of the different responses as they were being collected may

have influenced the experiment. Also, the level of significance, %= .05,

was not set before the experiment began. This does not change the fact that
the results are significant at this level.

CONCLUSION

The purpose of the experiment was to find what correlation existed be-
tween a cooperative response to the Prisoner's Dilemma and behaviors in the
interpersonal need areas described by the FIRO theory, as demonstrated by
Air Force Academy cadets. The hypothesis was that a person with a greater
need for inclusion behavior would be more likely to choose a cooperative
response (the additional correlations were determined ex-post facto). The
experiment determined the following points:

(1) Therc is a small amount of positive correlation between a response
of "not confess" and wanted inclusion.

(2) There is a similar amount of negative correlation between a response
of "not confess" and wanted control.
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(3) A desire for inclusion and control are significant factors in pre-
dicting or explaining a response to the Prisoner's Dilemma.

(4) Other factors must be controlled when predicting or explaining a
response to the Prisoner's Dilemma.

On the basis of these results, only the first hypothesis was supported,
indicating that the higher a person's score for wanted inclusion, the more
likely he/she will select a cooperative response. Additionally, the results
suggest that the lower a person's score for wanted control, the more likely
he'she will select a cooperative response.
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Effects. of "Hyper” Descriptor and Cadets Second Order Self Perception
On Their Ratings of A Hypothetical Cadet

David B. Porter and Juhe I. R. Babson
U. S. Air Force Academy CO 80840

ABSTRACT

One hundred three USAFA cadets completed a person perception exercise,
similar to Asch’s "warm - cold" experiment. They formed an impression
of a hypothetical cadet based on seven adjectives, including the descriptor
hyoer" or "mellow". The descriptors "hyper" and "mellow" are common
jargon in use at the USAF Academy, characterizing in general, one's
attitude towards military training. The cadet raters also indicated
whether they felt they were perceived by lower classmen as being '"hyper"
or "mellow", Results indicated that the hyper-mellow descriptors
strongly influenced attributions concerning other traits. The results
are discussed in relation to interpersonal perception on the part of
cadets, faculty, and administration.

INTRODUCTION

Person perception, the human process of obtaining and organizing
information about others, is one of the primary areas of study in social
psychology. Most contemporary texts identify three important determinants
of perception: the perceived, the perceiver, and the situation in which
the perception takes place (Massarik and Wechsler 1959; Mitchell 1978).
During interpersonal interaction, one's perception of another is partly
influenced by both the real and imagined characteristics of the individual
with whom one is interacting. The salient characteristics of the
"perceived" range from physical appearance to observed behavior to
inferences made by the perceiver of the perceived person's underlying
motivation, values and personmality. Although the relative importance of
each of these characteristics depends on the situation, it was recognized
as early as 1920 that the perception of separate individual characteristics
influence the perception of other attributes and characteristics (Zalkind
and Costello, 1962). Identified as the "halo effect”, this process by
which a general impression (which is favorable or unfavorable) influences
the evaluation of other traits, has been shown to screen the accurate
perception of many characteristics. Asch (1946) reported the resulfs of
an experiment designed to measure the halo effect of two dichotomous
descriptors: "warm' and "cold". He found that when jthe word "warm"
was added to five other words describing a hypothetical person, that
person was also evaluated as being wise, humorous, popular and imaginative.
By changing "warm" to "cold" in the initial description a radically
different and much more negative impressison was formed. Kelly (1950)
showed that the "halo effect" gained strength when individuals were
given the opportunity to interact with the individual about whom they
had previously formed an impression. Asch (1946) also found that the
effect was not nearly as great when more specific and less fundamental
descriptors such as "polite" and "blunt" were used in place of "warm"

158

AR A AMeadi s ad s e b A A A A A ke A Am A A A ma As am Al oa

e A A A B AL AD b b BB aad A A AALrA A et o Al A AD AL AL AN S b ol Mu B M M A e M AB DA bk Dl Mbe bk s 2 O .




AASR A L drR o iTea vk, an e

and "cold",

Several variables associated with the perceiver have also been
identified which effect perception. Zalkind and Costello .(1962) suggest
that individuals who accurately perceive themselves and view themselves
optimistically are more likely to accurately perceive others as well as
to evaluate others more positively, Mitchell (1978) suggested that
"people who are more secure, independent, and have a high tolerance for
ambiguity are more accepting of others who are different from themselves,"
(p97). Massarik and Wechsler (1959) hypothesized different levels of
self perception. While first order self perception is defined as how an
individual views himself, second order self perception (how an individual
thinks he is perceived by others) may be an equally important influence
on his or her behavior.

The first author developed a classroom exercise to demonstrate
these findings to his students. Although Asch's (1946) original experiment
was generally replicated, the terms "hyper" and "mellow" were selected
from the cadet vernacular to replace "warm" and "cold". An additional
alteration was made by having participants indicate their second order
self perception. This study had three primary purposes: 1) to examine
the effect of the dichotomous descriptors "hyper" and "mellow" on the
favorability of cadet!s ratings of a hypothetical cadet oun sixteen other
dichotomous. characteristics, 2) examine the effect of the cadet raters
second order self perception (either "hyper" or'"mellow") on the same
ratings, and 3) to examine the differences in the ratings by the resultant
four groups (“hypers" rating "mellows", "hypers" rating "hypers",
"mellows" rating "mellows" and "mellows" rating "hypers").

METHOD
Subjects

The "hyper-mellow" exercise was administered to each of 103
third class (sophomore) cadets at the U.S. Air Force Acadenmy.

Procedure

The exercise consisted of three parts. In the first part a
description of a hypothetical cadet was presented. The exercise described
the cadet as being: "intelligent, skillful, industrious, determined,
practical and cautious." For approximately half (48%) of the cadets the
fourth descriptor was "mellow' and for the rest of the cadets the fourth
descriptor was "hyper." Cadets were given a few minutes to "form an
impression” of this hypothetical cadet. 1In the second part of the
exercise, cadets were asked to select an additional term from each of
sixteen pairs of dichotomous descriptors. (Pairs are listed in Figures
1 through 3.) When all cadets had completed this part of the exercise
and before any discussion of the exercise, the administrator (instructor)
asked the following question:"If I (the idstructor) were to ask the
fourthclassmen in your element (immediate subordinates) to put you in
one of two categotries, hyper or mellow, which would it be?" Cadets were
asked to write thazir response at the bottom of the exercise sheet.

These sheets were then collected and the exercise was discussed in the
centext of person perception, stereotyping, and halo effect.
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Scoring and Analysis

Three Separate analyses were conducted on the resulting data.
First the exercise sheets were divided into two groups: those in which
the hypothetical cadet was described as being "hyper" and those described
as being "mellow." The percentage of positive descriptors was tabulated
for each of the sixteen pairs of descriptors and plotted in Figure 1.
Individual responses to all sixteen pairs were then scored by assigning
one point for each positive descriptor selected. The two groups were
then compared for significant differences using a t-test. Second,
response sheets were divided by second order self perception (as indicated
by cadet responses to part three of the exercise) and were analyzed by
the same method previously described. Finally responses were separated
into four groups: hypers rating hypers, hypers rating mellows, mellows
rating hypers and mellows rating mellows. Means, and standard deviations
were computed and t-tests were used to identify significant differences
among the four groups.

RESULTS AND DISCUSSION

Results of the first analysis are reflected im Figure 1. The
sixteen negative descriptors are listed on the left axis and their
positive counter-parts are listed on the right axis. Descriptors were
sorted sequentially, the highest combined percentage of positive ratings
listed at the top and those that received the lowest combined percentage
of ratings listed at the bottom. Over 90% of the hypothetical cadets
were rated as reliable, serious, honest and strong. Perhaps this is
because these positive descriptors are more logically related to the six
other initial descriptors (intelligent, skillful, industrious, determined,
practical and cautious) than they are with the hyper-mellow variable
descriptor. Conversely, the extremely low percentage of cadets selecting
the "talkative" descriptor may reflect the perceived similarity of the
initial descriptor "cautious" and"talkative''s alternative "restrained".
It is also interesting to note the low percentage of cadets rated as
generous or unselfish, although neither of these terms seem to be logically
related to the initial six descriptors. The relatively large percentage
of cadets who rated the hypothetical cadet as being ungenerous (447) and
self centered (57%) may reflect the general image cadets hold of each
other due to a competitive enviromment (Wood and Pacheco, Note 1;
Porter, Note 2). :

In the first analysis the independent variable was the description
of the hypothetical cadet as being either "hyper" or "mellow". Figure 1
reflects that if the cadet was described as being "mellow" he was rated
much more favorably than if he was described as being "hyper". If the
hyp. hetical cadet was described as being "mellow” he was rated by over
80% of the cadets as being good-looking, humane, happy, popular, sociable
good natured, humorous, wise, and generous. The only overall negative
descriptor of "mellow" was of being "restrained" and this is probably
due to the initial descriptor "cautious". 1In contrast over 50% of the
cadets described as being "hyper" were also described as being irritable,
humorless, shrewd, ruthless, self-centered, unpopular, unhappy, ungenerous,

160

M b N Al b tns St B Sk s Adh ha B M A Am M ke Ra ha ha Al Am b am




hard-headed and unsociable. These results suggest that the mellow-hyper
descriptors is as strong an influence on perception as Asch's original
wvarm-cold descriptors. An alternative analysis of the same groups was
done by considering the total responses by individual rater rather than
by separate descriptors. Again the results indicate that the "mellow"
descriptor had a much more positive impact than the "hyper" descriptor.
The 49 respondents, who rated a hypothetical cadet described as being
"mellow", used more positive ratings (X=13.50, SD=2.32) than did those
rating a hypothetical cadet described as being "hyper" (X=8.75, SD=4.22).
A t-test showed that the differences in these two groups were significant
at the .01 level (t=7.,174, df=102) and substantiate the subiective
comments made earlier concerning Figure 1,

In the second analysis responses were separated by the raters
second order self perception. Seventy-four of the one-hundred-three
subjects reported that their subordinates would categorize them as being
"mellow". (It is interesting to note here, that an informal poll of
freshmen cadets enrolled in Introductory Psychology indicated that these
cadets would have only put ahbout one third of the third classmen in
their squadrons in the "mellow" category.) The remaining twenty-nine
cadets indicated that their subordinates would have put them in the
"hyper" category. Figure 2 shows the percentage of positive responses
by rater of the descriptor pairs., The plot suggests that those cadets
whose second order self perception was "hyper" rated the hypothetical
mellow and hyper cadet slightly more positively than those whose second
order self perception was "mellow". Although these differenres were much
less pronounced than those in Figure 1, "hypers' rated the aypothetical
cadet more positively on fifteen of the sixteen dichotomous Jescriptors.
The largest differcnces seem to be in the descriptor pairs sociable/
unsociable (21% difference) and wise/shrewd (28% difference). These
results are partially explained by the fact that a slightly higher
percentage of cadets whose second order self perception was "hyper"
rated hypothetical cadets who were mellow (55%). Cadets whose second
order self perception was "mellow" rated 457 hypothetical mellow cadets,
and 55% hypothetical hyper cadets. However, even taking this disparity
into account (see Appendix A for complete derivation) cadets whose
second order self perception was "mellow' rated the hypothetical cadet
less positively than subjects whose second order self perception was
hyper.

Although not statistically significant, these results are noteworthy.
Even considering the different samples "mellow cadets used fewer positive
descriptors than predicted and "hyper" cadets used more positive descriptors
than predicted. Two possible inconsistencies could contribute to these
unexpected results, TFirst, the stereotype of "hyperrcadets as being
more irritable, humorless, shrewd, ruthless, self-centered, unpopular,
and ungenerous than "mellow" cadets may be totally inaccurate. This is
consistent with Allport' s (1954) finding that some widely held sterzotypes
do not contain even®a kernel of truth.' Another possible explanation
deals with the accuracy of self-reported second order selfperceptions.
Although it was not possible to identify inconsistencies on a case by
case hasis, a disparity in the percentage of mellow third class cadets
as reported by second order self-perception (72%) and the results of the
informal poll of their subordinates (33%) is apparent. This suggests
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that the group of cadets who identified themselves as being "mellow" on
the exercise were really made up of two separate and distinct groups:
those who accurately perceived their subordinates ' perceptions ("true
mellows") and those who did not ("pseudo-mellows"). 1If this assumption
is correct, we can interpret the combined less positive ratings of the
mellow group to bé the average of two significantly different groups.

We would expect the "true-mellows" to use at least as many or more
positive ratings as the "hypers" and the Pseudo-mellows" to use signifi-
cantly fewer positive ratings. Because individuals in the pseudo-mellow
category had either inaccurately assessed others' perception or could

not accept others' perception, we would also expect them to perceive
others less accurately and to be less tolerant of those who were different
(Zalkind and Costello 1962, Mitchell 1978).

Finally responses were separated into four groups, plotted and
analyzed, Figure 3 reflects the profiles of the four groups. There
appeared to be a great deal of agreement between both "hyper" and
"mellow" cadets rating hypothetical cadets described as being mellow.
This is supported by comparing the average number of positive ratings by
individuals in the two groups shown in Table 1. Although mellow cadets
rated other mellow cadets slightly more positively (X=13.6, SD=2.4) than
did hyper cadets (X=13.4, SD=2.8), the differences were not significant
(t=.25, df=47, n.s.). This suggests that there is general agreement
among all cadets that mellow cadets have many positive characteristics.
In contrast both hvper and mellow cadets rated cadets described as being
hyper less positively. The difference was highly significant in the
mellow group of raters (t=6.88, df=72, p<«.0l) but only marginally
significant in the hyper group (t=1.78, df=27, p=.10). This suggests
that the group of cadets who identifiea themselves as mellow, or some
ralatively large subgroup of that group (i.e. "pseudo mellows"), maintained
extremely negative as well as inaccurate stereotypes of other cadets
described as being hyper.

CONCLUSION

Several important conclusions as well as some interesting conjecture
can be drawn from the results of this exercise The importance of these
results is increased when one considers the essential role that accurate
person perception has in leadership development which is the Academy's
primary purpose. As Massarik & Wechsler (1959)pointed out over twenty
years ago

"As an executive (leader) faces the myriad

decisions he needs to make, it becomes quite

clear that he must master two tasks: he

must learn to see accurately the human, as well as

the inanimate factors of the total scene; and he

must acquire the skills of action which, while based
upon accurate perception, tap the well-springs of
behavior that ultimately lead to the successful
attainment of personal and organizational goals (p46).n

The results of this exercise indicate that the halo effect associated




with "ayper" and "mellow", two commonly used descriptors in the cadet
vernacular, may be a significant impediment to accurate interpersonal
perception. This effect appears to be extremely severe in the one grc
of cadets hypothesized to be in the "pseudo mellow" category.

We also suspect that many members of the Academy faculty and admin-
istration are unfamiliar with the positive characteristics associated
with the term "mellow" and the extremely negative images aroused by the
term "hyper". We k-nw of several occasions where cadets have been counseled
for being''too melle ' by officers. It is little wonder that cadets
frequently do not respond as expected to such counseling.

1:ie resuits of this exercise uwlso generally support and expand the
conclusions reached in studies .miich have suggested the negative impact
eof excessive interpersonal competition on effort and performance (Wood
and Pacheco, Note l; Porter, Note 2). The overall negative attributions
made toward '"hyper" cadets may reflect the group's development of informal
norms to suppress effort within the wing. Because the total numbev of
rewards is generally fixed and distribution of these rewards is determined
primarily through interpersonal competition, the general suppression of
effort emerges as a significaat superordinate goal for cadet~ (i.e., if
everyone puts torth less effort and tlerefore incurs fewer personal
costs then everyone improves wtheir cost benefit ratio because the numbet
of institutional rewards remained fixed). One way of enforcing this
norm is by labeling those who put forth extra effort 'hyper". The
plethcra of negative descriptors associated with this term suggests a
variety of sanctions taken against "hypet cadets b their classmates.

For evample, because '"hyper" cadets are stereotyped as being unpopular

and unsociable they are often not included in informal weekend social
evrnts; because '"hyper' cadets are seen as ruthless, ungenerous and
self-centered, other cadets feel justified in treating them unfairly and
deceptively; and, because "hyper" cadets are seen as being irritable,
humorless, and hard headed, their contributions and inputs are generally
ignored. For this reason many cadets avoid being put in positions where
they are e._.ected to put forth extra effort (particularly effort directed
toward enforcing military regulations) and many of those who feel compelled
to perfcrm in thesz positions inaccurately perceive or deny their image

as "hypers" (i.e., ps2udo mellows). The areas of person perception,

halo e¢ffect and stercotyping are critical to the development of leadership.
The results of this study strongly suggest a need for greater awareness

of these fartors as well as a need for further study.

Appendix A

Predicted mean positive ratings were computed for each group by
maltiplying the number of hyper rating hyper cadets in the sample times
the average rating of hypothetical hyper cadets (8.75) and adding this
to the numbev of hyper rating mellow cadets in the sample times the
average rating of mellow hypothetical cadets (13.50) and dividing by the
total sample size. Thus the predicted number of positive ratings are as
fcllows:

hypers (13x8.25) + (16x13.50)/29=11.37

mellows (41x8.75)+(33x13.50)/74=10.86
The observed number of positive ratings for hypers were 12.27 (3D=3.71)
and for meliows were 10,50 (SD=4.35).
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Nonverbal Communication in Military Counseling

Gary A. Packard, Jr.
and
Mickey R. Dansby#*
Department of Behavioral Sciences and Leadership
USAF Academy, CO 80840

Abstract

An experiment was conducted t¢ investigate the effects of nonverbal communica-
tion in a military counseling setting. It was found that potential officers
(cadets) rated an officer counselor as more effective if he projected positive
rather than negative nonverbal cues [F(1,48) = 15.6,p «£.01]. Furthermore the
results suggested that formal instruction increases awareness of nouverbal
behavior. The presence of werbal content along with nonverbal cues did not
significantly affect subjects' ratings of the counselor's effectiveness.

Nonverbal communication has been shown to play a significant role in the
communication process (Knapp, 1972; Archer & Akert, 1977; Rosenthal, Archer,
DiMatteo, Hall-Koivumaki, & Rogers, 1979). Certainly, one very significant
communication situation is counseling on personal problems. As Benjimin (1981,
p. 46) points out, in a counseling setting, "We hear with our ears, but we
listen with our eyes and heart and skin and guts as well." It is evident that
nonverbal communication is an essential part of the counseling process.

Military officers are frequently called upon to counsel subordinates on a
number of topics ranging from career progression to personal finances and
marital problems. Although many nonverbal cues relating to status difference
(i.e., officer/enlisted, rank, etc.) are quite explicit in such military
settings, many other cues are a product of the counselor's behavior. It would
certainly be to the military officer's advantage to be able to communicate his
concern via nonverbal channels, since much, if not most, of the message is con-
veyed via nonverbal means (Mehrabian & Weinexr, 1967). Furthermore, the degree
to which the client is sensitive to the nonverbal behavior of the counselor
could significantly affect the results of the counseling session.

In the present study, we were concerned with seeing whether potential mil-
itary officers (cadets) at the U.S. Air Force Academy are sensitive to the
counselor's nonverbal cues in a structured, military ¢ inseling session between
a superior and a subordinate. A second question of interest was whether senior
cadets, who have received formal instruction in nonverbal communication, are
more sensitive to nonverbal cues than freshmen, who have not received formal
instruction. Finally, we also wondered whether the presence of verbal as well

as nonverbal content would affect cadets' ratings of the counselor's effe.tive-
ness.

Method

In order to investigate the questions above, a 2 X 2 X 2 completely run-
domized factorial experiment was conducted in which the factors were nonverbal
cues (positive or negative), class (freshman or senior), and sound (present or
absent). It was hypothesized that pcsitive nonverbal cues by the counselor
would lead .0 more favorable evaluations of the counselor's effectiveness,
that seniors would be more sensitive to nonverbal cues than freshmen, and that
the presence of sound (i.e., verbal content) would affect ratings of the
counselor’s effectiveness little, if at all.
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Subjects were 56 cadet volunteers, half of them seniors and half of them
freshmen. Their were eight females, making the sample roughly prrportional to
the female population at the Air Force Academy. Subjects were randcaly assigned
to nonverbal cue and sound conditions within class.

The stimulus materials were two 3-minute videotapes of simulated counselor-
client interactions, identical except for the nonverbal cues present. In one
tape, the counselor used positive nonverbal cues (i.e., feet firmly planted on
the floor, slightly apart; arms open, not crossed; slight lean toward the
client; frequent eye contact; occasional nods of the head; and hand gestures to
emphasize speaking). In the other tape, negative nonverbal cues were uszd
(feet crossed or one leg crossed over the other, slight slouching posture,
infrequent eye contact, arms folded in lap, and few hand gestures). In both
tapes the actors were the same: an officer counselor and a cadet client. The
counselor was, in fact, a full time counselor at the Cadet Counseling Center.
The client was a senior cadet with considerable acting experience. The script
was the same for both tapes, and dealt with the cadet's decision to remain at
the Academy or resign, a dilemma familiar to most of the subjectc and a normal
topic for a counseling session. 1In both tapes, the counselor wore an officer's
uniform and the client wore a cadet's uniform. The camera angle (behind the
client, looking over his shoulder to the counselor) and set (a pleasant office
with no barrier between the counselor and client) were also identical for bnth
tapes. The sound/no sound ‘manipulation was accomplished by turning the volume
of the TV monitor up or down, as appropriate.

Subjects viewed the appropriate tape either alone or in small groups, at
the convenience of the subjects and the experimenter. Viewing sessions were
scheduled randomly according to combinations of the independent variables. The
tapes were shown on a standard videotape plaver and TV monitor. After the sub-
jects entered the viewing room (a classroom) and sat .own, the experimenter
asked them to complete a standard consent form. Pre-recorded instructions were
played and any questions were clarified. Subjects were shown the tape with the
sound either on or off, according to experimental condition. After they viewed
the tape, subjects were asked to complete a questionnaire on the counselor's
effectiveness. The questionnaire isted of 10 items on a semantic differen-
tial scale (helpful/not helpful, inu..entive/attentive, empathetic/not empathetic,
etc.), three rating scales on the helpfulness of the counselor, and one open-
ended question on what the counselor might have done to make the session more
productive. Subjects were debriefed and questions were answered after they
completed the questionnaire,

Results

Data were analyzed via ANOVA. Results on the semantic differential scale
(Table 1) xevealed a significant main effect for nonverbal cues. None of the
other main effects or interactions was statistically significant.

Table 1
ANOVA for Semantic Differential Rating Scale

Source df M3 E
Class (C) 1 311.1 1,99
Nonverb (N) i 2444.6 15.61*%
Sound (S) 1 380.6 2.43
Cx N 1 16.1 0.10
CxS 1 5.8 0.04
NxS 1 330.3 2.10
CxNxS 1 7.1 0.05
Error 48 156.6
*p <.01




Examination of cell means in the nonverbal cue conditions revealed that,
as predicted, positive nonverbal cues (M=24.1; minimum score=10, maximum=70;
lower score indicates more favorable rating) led to more favorable ratings of
the counselor's effectiveness than did negative nonverbal cues (M=37.3).

Analysis of the other questionnaire items showed a similar trend. There
was a tendency to be more confident that the client would return to confer with
the counselor if the nonverbal cues were positive (M=2.75; minimum score=l,
maximum=7; lower score indicates more favorable rating) rather than negative
(M=3.50). Subjects also indicated that they would be more comfortable seeing
the counselor if the nonverbal cues were positive (M__ =3.61, M =4.64) and

—pos —neg

that they thought the counselor was more helpful when positive cues were present
(Mpos=3.18, yneg=4.11). The ANOVA revealed that the difference in ratings

on the probability of a return visit was statistically significant [F(1,48)=
7.75,p< .01]. The rating differences in the other two variables, while shcwing
the same general trend, were not statistically significant at conventional
levels (p=.075 and p=.067, respectively). None of the other effects was statis-
tically significant for these three variables.

Responses to the open-ended question on ways that the counselor might make
the session more productive revealed a trend for seniors to make specific
suggestions for improving nonverbal behavior (e.g., leaning forward, nodding
head, etc.), while freshmen did not (seniors made 11 specific suggestions, fresh-
men only one; ) “ (1)=9.8,p<.01).

Discussion

The results support the hypothesis that cadets are sensitive to nonverbal
cues in the military counseling setting. Clearly, positive nonverbal cues were
inter reted more favorably than negative nonverbal cues. This finding underscores
the importance of military counselors being aware of the effects of their non-
verbal behavior if they wish to be more effective.

Interestingly, senior cadets and freshmen cadets did not differ in their
ratings of the counselor's effectiveness. Originally, we thought that seniors
might be more sensitive to nonverbal behavior because they had received academic
instruction on nonverbal communication, while freshmen had not. Even though
seniors' ratings of the counselor's effectiveness were equivalent to those of the
freshmen, the seniors were able to describe specific ways in which the counselor
might improve his nonverbal behavior. This suggests that the formal instruction
on nonverbal communication (taken during the junior year) may have made the
seniors more aware of nonverbal cues. Perhaps the affective response to nonverbal
behaviocr is well-ingrained through years of experience with nonverbal inter-
actions with others, whereas the cognitive response to these nonverbal cues is
facilitated by formal instruction. Freshmen knew something was wrong but were not
able to say what; seniors not only knew something was wrong but were able to
identify nonverbal communication as the problem.

Further evidence that formal instruction may Increase sensitivity to non-
verbal behavior comes from a comparison of responses from seniors in a counsel-
ing class (n=5) to those of the randomly selected seniors in the positive non-
verbal, no sound group (n=7) of our experiment.. The counseling class members
were asked to view the videotape and rate the counselor's effectiveness in the
same way as subjects in the main experiment. The seniors from the class rated
the counselor's effectiveness more negatively cn the semantic differential scale
(M=26.6, lower score = more favorable response) than did the seniors selected at
random (M=16.6). Comparison of the variances for the two groups showed that
they were significantly different [F(4,6)=10.29; p <.05]. A t-test using sep-—
arate variance estimates also revealed a significant difference between mean
ratings [t(4.56)=1.88, p<.10]. Of course, since the seniors had self-selected
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to take the class, it is possible that factors other than their formal instruc-
tion (e.g., greater interest or aptitude for counseling) contributed to the
difference in ratings. Nevertheless, the results are consonant with the
hypothesis that formal instruction increases awareness of nonverbal cues.

As expected, there was no significant difference in the ratings of coun-
selor effectiveness when verbal cues were present in addition to the nonverbal
cues. This agrees with findings by Mehrabian and Weiner (1967) that verbal
content may be less important in the total communication package than nonverbal
content. In essence, the reinforcement by verbal content adds little to what
is communicated by nonverbal cues.

The present experiment highlights the importance of nonverbal communication
in a military counseling setting. Clients are sensitive to the nonverbal
behavior of the counselor and interpret nonverbal cues as a significant part
of the counseling process. We would do well in the military services to pay
attention to those nonverbal cues under the control of the counselor if we wish
to increase counselor effectiveness. Perhaps one way of increacing awareness
of nonverbal behavior is, as suggested in the present study, through formal
instruction. Further research might clarify the relative importance of formal
instruction in helping potential military officers understand and pay attention
to their own and others' nonverbal communication.
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STOPOUT RETURNEES TO USAFA

Jim Clifford
USAF OMC, Randolph AFB, TX

Abstract

- Stopout is the name of a new program at the United States Air Force Academy,
whereby .cadets who have completed two years of study at the Academy are granted
the option of taking a leave of absence for up to a year. The first group of
Stopouts returneéd in the summer of 1981. This study is composed of interviews con-
ducted with twenty of these returnees to investigate their experiences during Stop-
out. The information obtained was overwhelmingly positive, in addition to provid-
ing valuable information to United States Air Force Academy future Stopouts, and
futuré returnees. The study also provides direction for future work and improve-
ment on Stopout and related programs.

The Problem

Stopout is the official name of a program here at USAFA whereby a cadet can
choose to take leave for up to a full year, and be guaranteed reinstatement in

the Cadet Wing if he/she desiiv>. They are then allowed to continue the academy

program one year behind their original class. Prior to this, the four years at

‘USAFA were a '"lock step' cycle for virtually all cadets. A provision such as
Stopout was practically unheard of except in extremely rare situations. For example,
-a cadet who was doing very well, but then experienced some wedical problem which

required a semester of recovery, might be granted a leave for this period. This is
officially termed medical turnback. The only other circumstance where such a leave
might be granted is kunown as administrative turnback. Here, too, a cadet applying
for such a leave of -! _.ence must demonstrate that he/she is performing well as a
cadet. They must alu,o indicate a severe hardship with their family which requires
their presence at home. Very few of these turnbacks are granted (one or two per
year). Thus, there were leave provisions for medical or family related circum-
stances, but none whatsoever for personal reasons of the individual cadet. How-
~ver, under the Stopout program, cadets can now leave, if they wish, for a period
of -p to 13 months, commencing right after the completion of spring semester, and
ending in the summer a year later. They must have completed their sophomore year
at USAFA, and not have any academic or military deficiencies. This program does
not currently exist at any other military academy.

I was among this first group of Stopouts, which explains in part my interest
in the people who, like myself, have returned.

The subjects of this study were the group of twenty cadets who returned to

the Cadet Wing from the first Stopout program. This study does not include any
medical or administrative turnback cases.

170

{
!
H
1
{
1
1
|
1
1
1

!
!
{
1




In the study I have attempted to find experiences and perceptions common to
Stopout returnees. I have also attempted to obtain ideas and information which
can help the future of the Stopout program in general.

Review of the Literature

Although many civilian institutions of higher learning have existing programs
similar to Stopout, no comparable data is available. Many civilian students at
the undergraduate level regularly leave, returning later to the academic environ-
ment. This frequent coming and going of students is viewed as a normal part of
the maturational process. Hence, it is not practical nor logistically feasible
to develop an official program to monitor the transitions of these students.

Dean K. Whitla, the Director of the 0ffice of Institutional Research and Eval-
uation at Harvard, was asked to evaluate the curriculum and program at USAFA.
According to those close to the decision, the letter Dean Whitla wrote to USAFA
detailing his findings and recommendations was among the most influential infor-
mation in the Academy Board's decision to initiate the Stopout program. Following
is -a summary of that letter delineating the results of his evaluation:

A consistent attrition rate of 40% at USAFA, while being comparable to most
civilian colleges when at the four year point, is unacceptably high for a school
like USAFA. It is unacceptable in terms of the lost tax dollars that are repre-
sented in that figure. It is also unacceptable when one considers the number of
helping programs at work at USAFA, to keep cadets from dropping out, go far beyond
anything found at almost every civilian school nationwide. Finally, this high
attrition rate is unacceptable mostly because the great majority of these dropouts
are our best people. Only "...a few are academically or physically marginal - the
majority are your most attractive and able cadets - a serious loss to the Air Force
and the nation."

He also believed the admissions area was the wrong place to concentrate effort
in hopes of changing the dropout rate significantly. "Almost all improvements will,
I believe, come from changes within the four years of cadet experience while they
are here at USAFA." Thus, the emphasis now should be not on who we bring in, but
on what we do to thcm while they are here.

Whitla contends that granting students a leave of absence is ''the most impor-
tant factor" in achieving lower attrition rates. He believes that USAFA should
definitely be able to handle "deviations' from the four year lock-step program,
and should institute a stopout policy. Further, he asserts that there are several
reasons why a rigid policy of four consecutive years without intexruption may be
one of the worst strategies to follow for getting an education:

(1) There is NO theory to support the straight four year plan for education.
(Piaget, White, Perry, Kohlberg, Loevinger, Holland, etc.). This research indi-
cates that educational growth is "NOT a monotonic linear function'". It is in
fact ridiculous to suggest going to school for four straight years and expect a
steady upward slope of learning.
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(2) A four year education plan will be "characterized by growth spurt periods,
plateaus, frequent regressions, and these vary markedly from student to student.

(3) 1In fact, these variations apply more to males than females. This fact
has even greater consequences at USAFA, since the student population is predominantly
male (approx. 85%).

(4) "Six months of work and six months of travel work wonders for students.
After a leave of abscnce they return refreshed, much more mature, and ready to
resume their studies in ways that are impressive." This refreshing, maturing, and
remotivating effect should be of special interest to USAFA since (according to
Dean Whitla) cadets tend to be less mature than their counterparts at civilian
colleges. The reality of fatigue, which Stopout can help remedy, is explained by
Dean Whitla. He states:

Cadet schedules are far too demanding; we tallied the hours demanded by
course work, study, military and athletics. Cadets have virtually no
discretionary time. In fact there is little time for sleeping; many even
stand in class simply to remain awake. Highly motivated, energetic young
adults can, for short periods of time, meet such a schedule, but to do so
for a period of years cannot be productive...

There are many beneficial reasons for instituting and continuing a leave of
absence (Stopout) program at USAFA. Virtually the only alternative to such a
program available to cadets is to simply quit/resign outright. Under these cir-
cumstances, the Academy "forgets you'", and no longer considers you connected with
USAFA in any way. If this former cadet then wishes to reapply, he/she must initiate
a very lengthy and discouraging process with no assistance from the Academy. In
short, without Stopout, no effort would be made to save these valuable human re-
sources. Tax money invested in these individuals' prior schoolding at USAFA would
also be wasted.

FINDINGS

The positive aspects of Stopout. Half of the returnees mentioned that Stopout
enabled them to see the positive aspects of USAFA more clearly. They could see
the opportunities, the experiences, the education, the greater challenge, the
security, and the economic advantages. In addition to making the positive aspects
of USAFA clearer to them, Stopout also faded the intensity of the negative things
which were involved in their decision to leave. In short, they stated, '"The longer
you are away from USAFA, the better it looks. This becomes important in your
decision to return."

Half the subjects also mentioned that Stopout really helped them mature.
Several felt that this was because they were not so sheltered, stifled, and iso-
lated on Stopout as they were at USAFA. They related that they had never experienced
independence because they entered USAFA less than one month after graduating from
high school.

A third of the subjects found that they gained a more realistic perspective
of the "outside world". Many of them consequently decided that '"the grass isn't
ail that green out there."”
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Half said that Stopout allowed them to '"reevaluate whether they really wanted
to be here or not." They were able to do this in ''a more objective climate™ than
if they were at USAFA.

Eight of the twenty said that '"the best aspect was taking a much needed break
to rest from the constant grind, highpaced/pressure program at USAFA." This break
helped them "charge back up" to perform more efficiently upon their return.

Eight of the twenty also said that the Stopout program is the one reason that
they are still cadets right now. They were convinced that they "hated this place"
and were definitely not coming back. "I was out of here - gone for good, and I
know for sure I was never coming back. But, I changed my mind as a result of my
experiences on Stopout, and decided to return. I was sure glad they had Stopout!"
"I took Stopout as a joke - I laughed at their suggestion of the idea, but when I
got towards the end of my year, I wasn't laughing any more. They were smarter than
I was! I thought I would never change my attitude, but it was asthough they knew
that I would."

One fourth said that they benefitted from learning to relate to "normal and
everyday people", instead of always working only within the singular enviornment
and people of USAFA. They also said that as a result, they improved their human
relations skills. Working with and being around this greater variety of people
afforded these Stopouts another luxury they had not known as cadets. They were
accepted as unique individuals, free from any stereotypes that people held about
them as cadets.

A third of the subjects said that they didn't let all the little, "nit-picky
things here" get to them as much anymore. They stated that they "wouldn't get
all bent out of shape over all the Mickey Mouse things that go on here.” They now
tend to take bothersome or disappointing things more in stride.

Negative aspects of Stopnut. Half of the subjects said that the one negative
thing was being in a different class now. You aren't in the same class with all
your old friends. You may also feel some resentment from certain members of your
old class because you "wimped out" in their eyes. This may also happen with people
in your new class when they realize that you already know some of the firstclass
cadets personally, even if you don't let this compromise your job performance.

Most found that this is something you must deal with, but that the significance of
this problem was minimal after you worked through it and resolved it.

Perceived changes in perspective/attitudes. Almost all of the responses were
identical to those reported for question two.

One idea mentioned by several people was that long term goals are now an
important component of their attitude about being at USAFA. This attitude incor-
porates things beyond the scope of just the cadet life and includes a degree of
commitment to a career in the Air Force, career plans, and objectives they want to
accomplish after graduating from USAFA.

Concerning friends of the same sex, half of the subjects felt that their
strongest friends are at USAFA. This is mainly because they believed that "having
strong reiationships is critical to survival here." This philosophy accounted for
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the strong friends they acquired at USAFA. However, they considered the friends
‘they encountered on Stopout to be "special” because they didn't become friends
‘based on extreme circumstances such as those they experienced at USAFA. Rather,
they felt they had more "choice" in the matter of making friends when they were
outside of USAFA because you didn't "have to" make friends with anyone. Several
people mentioned that because of the problems caused by being in a different class
{mentioned previously), 'you can quickly identify your true friends."

Why they returned. A third of the subjects said that friends at USAFA had a
lot of influence on their decision to come back. As mentioned previously, this
resulted both from talking with them and from the mere fact that they did have so
many good friends at the Academy.

Half mentioned economic factors such as cost of education, and a poor future
in the job market. They saw more security and sound economics when they reevaluated
what USAFA had to offer as compared to the outside. Half also mentioned that their
appraisal of the education here and its value to them was a factor in their decision
to return.

A third of the subjects responded that their decision to return consisted of
a simple analysis of their main goals in life. This analysis showed them that the
best/most likely way of reaching those goals was by returning and completing the
program at USAFA. Interestingly, only two people mentioned that wanting to be a
pilot was the main thing that brought them to thec conclusion that they should return
and graduate. In fact, several mentioned that they had a more moderate attitude
about the 'need to be a pitot." They felt that this attitude was tempered by a
realization they now have: "there is a lot of hype and propaganda here to push
you into being a pilot. Its not as important to me anymore - I'1l make sure I'm
doing what I like most, and if that happens to include flying, fine. If not, that's
fine too."

Information for Stopout returnees. One quarter mentioned that USAFA did not
provide a system which would facilitate their transition back into Cadet Life.
Several felt they were treated as nonentities. For example, some of them were
not on the computer listing so they had no classes scheduled for the fall semester.
Some of them said that their official communications, appointment slips, and grades
never cam to them - they had to run over to their old squadron and pick these things
up. Several said that they still aren't in the Wing Alpha Roster (complete listing
of all the members of the Cadet Wing).

The Stopouts found it difficult to readjust to the very controlled lifestyle
and the extreme academic load at USAFA. Almost everyone agreed that there was a
vital need to design a program to help Stopout returnees assimilate back into the
Academy. However, they warned against structuring such a program too extensively.
They suggested building enough flexibility into the program to allow each person
to have some input into how they as an individual might best adapt back into the
Wing. They disagreed that "tl.c best way to re-blue them is to make them serve as
Cadre for Basic Training as soon as they get back."” Rather, they felt that assim-
ilation and adaptation back into USAFA could best be accomplished through a much
more gradual process. They felt this was important because the faster they were
forced to assimilate back into the Wing, the faster they got burned out again.
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Another thing several returnees had to deal with was the fact that they had
just spent over a year in an environment which not only tolerates, but often
encourages dishonest practices. For example, cheating was frequently encountered
as accepted practice at civilian universities by those Stopouts who attended school.
They warn that returning to a system which does not accept these practices requires
extra awareness initially.

Information for potential Stopouts. One line of thinking which almost every
subject had heard countless times was, "I really think Stopout is a great idea and
I'd love to do it, but I just know I wouldn't come back.'" First of all, this
statement assumes that you will tend to become convinced on Stopout that USAFA is
so terrible and you sure aren't going to put yourself right back in the midst of
all that again. Yet, as one can see quite clearly from this report, exactly the
opposite tends to happen. The trend seems to be that the longer one is away, the
more clearly one sees the positive aspects of USAFA, and the less intense are the
visions of all those so terribly negative aspects. Upon return, one finds that
these negative things that used to be so important don't seem to matter as much
anymore. In choosing not to leave simply because you might not come back, one
ignores the trend that these returnees have demonstrated.

Secondly, this reasoning ignores the fact that it is not necessarily "bad" if
you do indeed f.nd something that you really want more than being at USAFA. "It
is better for both you and the Air Force if you find out early that being here is
not what you want. You can quite easily take advantage of such knowledge now,
rather than waiting until you have been flying a $20 million airplane for two
years to discover that you'd really rather be doing something else." Again, one
of the most positive aspects of Stopout for these people was that it "allowed
them to analyze exactly what they really wanted to do most." The Stopouts agreed
that you shouldn't turn down the program out of fear of not returning. They felt
that to do so would be a 'cop-out”. "I hope they all realize that it took a lot
more guts to leave than it did to stay."
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The Interdependence of International Affairs: Social Psychology as a
Politico-Military Tool

Richard W. Bloom
Det 1, AFCOS
San Antonio, Texas 78243

Abstract

The international viability of the nation-state depends on interdependent
dimensions. The military dimension of this viability itself subsumes
interdependent components-~including the social psychological. The use of
this component to resolve a politico-military d&ilemma is illustrated
through application of research on attitude change, attitvde-behavior
relationships, and mass communication effects. This example is one of many
wherein DOD psychologists can aid the nation-state through assessment,
intervention, and evaluation in an interdependent world.

The key concept in appraising the international viability of a nation-
state is interdependence (Vaky, 1980)--economically by variations in
international currency markets, trade and tariff policies, and energy
price structures; socially by transmission of valves, morals, and life
styles through mass media; militarily by strategic fluctvations induced by
coups, weapons transfers, and shifts in ideological allegiance. In fact,
economic, social, military, and other dimensions of the nation-state are
themselves interdependent as can be deduced from many political dilemmas
(Maynes & Ullman, 1980). For example how do the South African government’'s
policy of apartheid, it's strategic minerals and geopolitical import, its
anti-Communist stance, its formation of an vnoffical platinum cartel with
the Soviet Union, its denunication by the United Nations General Assembly
and the Organization of African Unity, it vital role in feeding and
supplying many African nation-states, its concern for its own existence,
its nuclear weapons capability, and its contribution to the United States
economy through multinational corporations translate into a coherent
Reagan policy towards Johannesburg? Interdependence 1is an essential
factor in any consideration of a polity--the nation state--in the
international arena.

As psychologists in the DOD, we deal primarily with the military
dimension of a nation-state's international viability. This dimension is
not only interdependent as described abeve, but also subsumes a host of
interdependent components. These components include the operational, the
logistical, the technological, and the social psycholcgical (cf. Halperin,
1977).

This, last, the social psychological, has been explored throughout
history by the elite of military theorists (e.g. Sun Tzv, 1963/C. 400 BC;
Machiavelli, 1940/C. 1430; Hart, 1954). It stresses the interdependepce
of the non-military with the military. And it is a realm in which DOD
psychologists can improve their nation-state's inter-national viability.

To illustrate, I shall describe a real-world situvation and suggest a2
social psychological resolution.

The sitvation encompasses the strong anit-nuclear attitudes of many
Western Europeans. These attitudes have been manifested by anti-nuclear
mass demonst.ations (generally with 1larger an -US than anti-USSR
positions), scathing newspaper editorials and reporting (again more anti-
US than anti-USSR), and governmental waffling on allowing the United
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‘States to deploy GLCMs and Pershing-2s on their territory and politically
supporting. the US production of "neutron bombs" (cf. The stormy summit,
1981). Thése attitudes presage the maintenance of Soviet nuclear and
‘conventional superiority in the NATG-Warsaw Pact arena, the further
-eroding of ‘NATO cohension and concurrence, and the "Finlandization" of
Western Europe (cf. Reagan & Brezhnev, 1981).

To. DOD psychologists it should be quite apparent that the underlying
.phenomena in this. situvation include attitude change, attitude-behavior
relationships, and mass communication. effects. Attitude change phenomena
-are reflected in governmental shifts from 1979 to 1981 on additional United
‘States nuclear deployment and populace shifts from post World War II
attributions of the Soviet Union as war monger to present ascription of
this role to both superpowers or the United States alone. Mass
communications effects include success of multi-source Soviet propaganda
.and the Leninist "useful idiot" modulation of collective political
behavior. Perhaps most important is the nature of attitude-behavior
relationships. It is axiomatic that concern is less with Western European
attitudes than how these will behaviorally translate in international
security affairs.

Through a knowledge of relevant social psychological research and a
healthy respect for cross-~cultural limitations, -DOD psychologists could
present accurate information res)lving the situvation as follows.

First, do we change Western Buropean attitudes through persuvasive
communications or through inducing counterattitudinal behavior (Jaccard,
1981)? Given the practical difficulties of inducing counterattitudinal
behavior in interrelated but distinct mass populations, we would choose
the former--although the latter has had some successes (Reich, 1970/1933).

Second, will -our information involve the central route to attitude
change with attention to content (e.g. Tesser, 1978) or the peripheral
route with attention to context and typically researched source variables
(Petty & Cacioppo, 1981)? Or should we use some combination of the two
approaches? Given that the implications of nuclear deployment have high
personal relevance to politicized Western Europeans and that we seek an
enduring attitudinal change supporting this deployment, we should be much
more concerned with content than context (Burnkrant & Sawyer, in press:;
Cook & Flay, 1978). Further, context variables should only be of concern
as far as they potentiate the known mechanisms by which content approaches
are effective (Eagly and Himmelfarb, 1978).

The importance of known mechnaism becomes a third issuve. Given that
content approaches to attitude change in matters of high personal
relevance work primarily through situations wherein individvals increase
cognitive processing to message content (Petty, Cacioppo, & Goldman,
1981), £factors enhancing such processing should be included in our
information--those inhibiting such processing should be excluded. Thus we
should not vuse rhetorical questions, for they decrease cognitive
processing to message content in situations of high personal relevance
(Petty, Cacioppo, & Heesacker, 198l). There should be no "what price
freedom" attempts.
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S0, too, the technique of an unexpected, seemingly incongrucus source--
content pairing should not be used (Wood & Eagly, 1981). Although it can
often lead to more attitudinal change than expected pairings, it usually
does so through sitvations with decreased cognitive processing of message
content. In fact, in matters of high personal relevance, expected pairings
are not only as effective or more effective than unexpected parings, but
also work through situations with increased cognitive processing of
message content. Thus we need not tarry over finding leftist Social
-Democrats or scrub-cheeked "Greens" who embrace nuclear deployment with
swelling hearts.

With attention and comprehension held constant, message repetition
usually increases cognitive processing of message content as does the
multiplication of the message's sources (Harkins & Petty, 1981). Factors
that increase motivation to cognitively process message content and
increse pre-existing cognitive schemas relevant to our information will
also potentiate the effect of our efforts (McGuire, 1969; Wood & Eagly,
1981). Thus our sourc2s should be perceived by the Western Furopean
populace as likely proponents or neutralists towards GLCM and Pershing-2
deployment. Our presented information would address how deployment would
attenvate plausible threats to personal concerns such as the health and
well-being of children, physical safety, and adequacy of food, clothing
shelter, and fuel. The actuval concerns used and their prioritization would
be empirically delineated through appropriate assessment, eg., polling of
salient concerns and recognition of what has proven most amenable to mass
communications influence.

A fourth issue involves not the context or source factors of our
information but the context into which our information shall be placed.
This context encompasses competing messages with a myriad of persuvasion
and counterpersuasion attempts. We can work this context for us by noting
that increasing cognitive processing (as described above) towards message
content can induce resistance to counterpersuasion (Snyder and Wicklund,
1976). Whatsmore, aspects of our information which increase the number of
message evaluvators or induce distraction towards competing information
will decrease cognitive processing of the latter's message content (Petty,
Cacioppo, and Heesacker, 1981). Finally, once attitude change occurs,
group polarization effects would render counterpersuvasive techniques less
likely to succeed (Myers, 1980). Here we would be allowing the "social
movement" aspects of Western European anti-nuclear attitudes to guard
against any "reconversion" experiences (Toch, 1965). These aspects would
include a need for absolutes and a closing of the mind. Note also that we
are here addressing the vital interaction of mass communications and
social structure--vital to the success of any change campaign (Roberts and
Bachen, 1981).

Now that we have decided on a methodology of attitude change, how can we
maximize the probability that this change will foster desired behaviors
such as a decrease in anti-US components of political demonstrations, an
increase in demonstrations against the Soviet Union, and, vltimately, GLCM
and Pershing-2 deployment? Social psychological research suggests the
following. First, by increasing the temporal stability of attitude
change--a goal of our methodology--desired behaviors will more likely
occur (Bentler and Speckart, 1981). Second, we can further the likelihood
of occurrence by focusing on behaviors that are under the voluntary control
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of the populaces in question (Bagozzi, 1981.)--and have at least a modicum of
instrumental: benefit. Thus a voluntary behavior such as decreasing

‘political demonstrations against further nuclear -deployment on Western

‘Buropean soil would be a more viable-goal than a sudden termination of the
development of Siberian-Western European pipel ‘ne. The latter goal, while
voluntary, lacks immediate benefit to Western Evropean interests--
although it could be a later goal of a concerted attitude change program.
~Third, we should provide ample, direct experience on which to base
desired attitudes  -on both molar, e.g., diplomatic speeches and TV
advertisements, and-community, e.d., public meetings and cultu-al exchange
programs, levels (Beltran, 1976).
Lastly, we must focus on all relevant components of the desired
attitude (Bagozzi, 1981). The attitude should address actions, targets,

-and behavioral contexts congruent with those of the desired behavior. It

should consist of both cognitive and affective factors that are mutually
consistent and congruent with the desired behavior. And it should be
accurately linked through path- analysis before implementation of our plan
with. other variables implicated in attitude~behavior relationships--
behavioral intention, habit, and proximal and distal behaviors. It should
hot just merely consist of a negative valence towards an objects. A global
"the ‘Soviets are bad guys" approach will not work.

Now that we have addressed a methodology of attitude change and its
probability of generating desired behaviors, there are only a few caveats
before our information can be selected and presented. First, the
individual differences literature on persuasability is assumed to be
irrelevant when modifying the attitudes of populaces, unless there are
significant differences in the proportions of sex, cognitive, and other
relevant variables within these populaces. Second, the relative efficacy
of mass communication sources has not been discussed, because there is no
significant research (See Roberts and Brachen, 1981). What is available
pertains to patterns of usage and the uses/gratifications people derive
from specific sources. A positive correlation between frequency of
exposure and manifestation of the desired attitude and/or behavior is
usvally assumed. Third, the "process" literature on how attitude change
and attitvdinally induced behavior change occur is only salient in
suggesting operative mechanisms generating the efficacy of techniques
specified in specific situations. Analagous to psychotherapy research
which also deals with attitude and behavior modification, there is no need
to embrace myths of universality and uniformity (Kiesler, 1971) involving
cognitive dissonance, balance, impression management, etc. Fourth,
analagous to psychotherapy research we do not assume a uniformity of
intent, etiology, and attitude behind the behavior of anit-nuclear
demonstrations. Assessment through po?ling and through analysis of
speeches and documents would discriminate separate attitudinal targets—-—
each, perhaps, requiring a significant intervention. Lastly, and
continuing with the analogy to psychotherapy, the press of life events will
often not reduce the legitimacy of a presenting problem. Here, even with
the advent of the Geneva talks on weapons limitations/reductions, the
attitudes and behaviors of Western Europeans will still be crucial. For
example, an obvious refusal of the West German government to accept
deployment would obviate the need for serious Soviet negotiation.

There are many other examples of social psychology as a politico-
military tool. These include path analysis for latent variables in
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) 1nsurgency scenarios, delineation of -cohesive and desxntegratlve factor:
in political -movements, -and cognitive ana1y31s of strategic thinking. Fou

DOD psychologists -the opportunity to aid the nation-state is .immenSe in the
1980's- and beyond. -
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- ff':—l'-'cl'l’ TRASMIME RETEARCH LT THE bk PO
- Jean L. Dyer

HS -Grmy Research Instirtute for the Behavidral and Social Sciences
Field Unit
Ford Benming, Georgia-

About 20 to Z0- vears. ago, seéveral major research efforts (see
review by Wagner, Hibbitg, Fosenblati & Schulz; 1977) feocused on the
natuwe of teamword and team training within military units.
Unfortunately, researchers were unable to adequately follow-up on mueh
of this research, and for a period of time team research was almost
non—existent. Mevertheless, much was learned in these early research
:effaorts. This paper focuses on team training recommendatione made on
the basis of prior research, new datz that expand on some of these
issues abtained as part of the team research program at the Army
Research Instrtute Field:nit at Ft. Benning, Georgia, and some major
-questions that still remain unanswered.
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Seven recommendaticdns that have been made regarding team trainming
wild be eramined. These are:

&. Team training should be preceded by individual training.

b. Team=%raihing—shéuld,befsequéncedfinrtérms of kncreasing
complexity and degrees of teamwork.

approximate thEé situations in which they will be expected to perform.

d. Team training should be conducted periodically.

. -e. Team members should receive performance feedback.

1

c. MPlitary teams ghould be trained in conditions which. i
f. Interdependéncies among team members should be clarified

during team training. 1

) g. Team training should include training individuals to analyze

. their own errors, toc sense when the team -or team members are

averltoaded, and to adjust their behavior when overloads occcur.

Although many of these recommendations seem "obvicas”, thev e not
necessarily followed in practice.

"Team training should bes preceded by individuwal training” 1s 3
logicel recommendation since sume degree of individual preoficlency 1s
required in most tean tesks. | In addition, cross-training of shills is
net effective unkil individual espertise is acquired. Cuperte have
ctalted thak the relative smphasis given to esch forom of btrailninag
degends o the team Lasi. with ltasls that demand litlie membor
comsdinabtion requir ing less bteam training then thoze high an thile

dimension. However, one of the Larriers Lo research 1n Lhoe area 1=
that clear dielinctiong have nol been Mede belusen indd; v idual t

el1lle.
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Individual and team skills were differentiated in a recent study
(Dyer, 1980) of Engineer assault ribbon bridge platoons. Individual
skills were defined as act1v1t1es that could be - ‘were performed
independently of -gther team members, team skills as .activities that
had to be performed in response to the -actions of other team members
or that directed the actions of other team members. For example,
learning to drive a power boat reflected an individual shkill, but
operating it in response to the raft commandeir’s directions was
defined as & team skill since the boat driver no longer operated as an
independent individual. The sequence -used in- training team and
individual skills was chserved. In general, individual skills were
tralned before team skills, more time was devoted to individual than
to team skills, and cross—=training was limited to individual skills.
Interestingly, the method of training the two types of skills varied.
Direct verbal 1ns;ructlpns vwere used to train individual skills whlle
team skills were learned ‘through imitation. Although the
individual-team training sequence was appropriate for the mission, the
training program clearly emphasized individual skills. However,
assembly/disassembly of the assault ribbon bridge is definitely & team
task; it cannot be completed by one person or several neople operating
in isclatign. Team skills, such as timing the release of bays and
boats, interconnecting the bays, and retrieving the--bays, are critical
to meeting the time standards established by the Army. The failure to
address team skills sufficiently may be partially due to the present
stress within the Army on individual skills and the lack of analytical
tools to guide training developers in the area of team instruction.

Many questions remgin unanswered regarding the integration of
individual and team skills. Some are: what level of individual
proficiency is required before team training begins, should some team
skills be acquired before individual skills, ‘how can one determine
w